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19 Cetirizine 

ADRs in the BNF 

Description in the BNF No 19 March 1990 

CETIRIZINE 

Side-effects: see notes above 

In the beginning of section 3.4.1 Antihistamines, the following description is 
given: 

DISADVANTAGES OF ANTIHISTAMINES . With mos antihistamines 
drowsiness is a serious disadvantage ; patients should be warned 

that their ability to drive or operate machinery may be impaired , 

and that the effects of alcohol may e increased . Other 

side-effects include headache , psychomotor impairment , 

antimuscarinic effects such as urinary retention , dry mout h, 

blurred vision , and gastro-intestinal disturbances ; occasional 

rashes and p hotosensi ti vi ty reactions h ave been reported ; 

paradoxical stimulation may rarely occur , especially in high 

dosage or in children . 

ADRs in the BNF No 19 

1 Drowsiness 
2 Headache 
3 Psychomotor impairment 
4 Urinary retention 
5 Dry mouth 
6 Blurred vision 
7 Gastro-intestinal disturbances 
8 Rashes 
9 Photosensitivity 
10 Paradoxical stimulation 
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Description in the BNF No 31 March 1996 

CETIRIZINE 

side-effects: see notes above 

In the beginning of section 3.4.1 Antihistamines, the following description is 

given: 

DISADVANTAGES Of" ANTIHISTAMINES. Drowsiness is a particular 

disadvantage with most of the older antihistamines (although 

paradoxical stimulation may rarely occur , especially in high 

dosage or in children) ; drowsiness is considerably less of a 

problem with the newer ones {see also notes above) . 

Other side-effects that are more common with the older 

antihistamines include headache , psychomotor impairment , 

antimuscarinic effects such as urinary retention , dry mouth , 

blurred vision , and gastro-intestinal disturbances. 

Other side-effects of antihistamines reported include 

rashes and photosensitivity reactions , palpitations and 

arrhythmias (important : see especially risks associated with 

asternizole and terfenadine , p. 136) , hypersensitivity 

reactions (including bronchospasm , angioedema , and 

anaphylaxis) , convulsions , swea ·ting , myalgia , paraesthesia , 

blood disorders , extrapyramidal effects , tremor , liver 

dysfunction , sleep disturbances , depression , hypotension , and 

hair loss . 

ADRs in described in the Event Dictionary low-level term(s) 
the BNF No 31 BNF 19? (YIN) 
1 Drowsiness y Drowsiness + Sedation 
2 Headache y Headache 
3 Psychomotor impairment y Akinesia• + Movement involuntary• 

+ Dysphagia + Blephalospasm 
4 Urinary retention y Retention 
5 Dry mouth y Dry mouth 
6 Blurred vision y Vision deteriorated + Visual 
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disturbance 

7 Gastro-intestinal disturbances Y Anorexiab + Nauseab + Vomitingb + 

8 Rashes 

9 Photosensitivity 

10 Palpitation 

11 Arrhythmia 

12 Hypersensitivity 

13 Convulsions 

14 Sweating 

15 Myalgia 

16 Paraesthesia 

17 Blood disorders 

18 Extrapyramidal effects 

19 Tremor 

20 Sleep disturbances 

Pain abdomenb + Constipationb + 

Diarrhoeab 

Y Rash 

Y Photosensitivity 

N Palpitation 

N Arrhythmia 

N Bronchospasm + Wheezing + 

Angioneurotic oedema + Allergy + 

anaphylaxis 

N Convulsion + Epilepsy + Epilepsy 

grand mal 

N Sweating 

N Myalg ia 

N Paraesthesia 

N Anaemia aplastic + Anaemia 

hypoplastic + Pancytopenia + 

Neutropenia + Leucopenia + 

Thrombocytopenia 

N Dystonia + Extrapyramidal disease + 

Parkinson's disease 

N Tremor 

N Insomnia 

21 Depression N Depression 

22 Hypotension N Hypotension 

23 Hair loss N Alopecia 

' Facial dyskinesia, a known ADR to some antihistamines, may have been coded 

by this term if reported as the term 'dyskinesia' is not available in the event 
dictionary. 

bGastro-intestinal ADRs to antihistamines given in a textbook69 even if some of 

them may be not really 'antimuscarinic' 

ADRs hard to detect without laboratory test and unexpected to be detected in 

the usual general practice 

N1 Liver dysfunction Liver function test abnormal 
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Events signalled 

As shown in Table 27, 5 events (low-level terms) are signalled . Two events are 

signalled by the rate ratio method only. The remaining 3 events (60 %) are 

signalled by both of the methods. 

Of the 5 events signalled, 2 events (40 %) are known ADRs (all of them are 

under category A) but 3 events signalled are not shown in the BNF. Of these 

three, 

'Dizziness' may be an ADR to cetirizine as with acrivastine 

though in one clinical trial, the incidence of dizziness did not differ between 

cetirizine and placebo91
. 

Confounding by the indication or 'indication-related' event 

After excluding 'dizziness', both of the remaining two events may be confounded 

by the indication. 'Conjunctivitis ', may be manifestation of allergic rhinitis or 

hay fever for which an antihistamine is often prescribed. 'Asthma' may be a 

manifestation of atopic diathesis which may be closely associated with allergic 

rh inits or others where antihistamines are often prescribed, though it is not 

impossible that this event is in fact an ADR to cetirizine. 

ADRs signalled 

Of the 23 ADRs under category A or B, only 1 (4 %) are signalled. The 

remaining 22 events are rare except for 'rash ', 'headache', 'diarrhoea', 'pain 

abdomen', 'vomiting ' and 'pain abdomen' where T1 is 1 per 1000 patients per 

month or more. Those results may indicate that some of known ADRs to some 

antihistamines, such as anti-muscarinic effect, extrapyramidal diseases, 

psychomotor impairment, or arrhythmogenesis may be rather unique to 

Particular antihistamines but may not be really considered to be a class effect. 



.- A B C D E F G II I 
I EVENT Cnteria N1 & D1 T1 N2&D2-6 T2 T1fT2 95% Cl of T1fT2 
~ Denominator total 955D_ _ - 47682 min 
't- Denominator male 3943 19685 
~~'nominator female __ 5454 27231 
5 $: T1fT2- or> 2.5 and$$: T1fT2 =or> 3 0, ~ 0 001 (likelihood ratio test) 
6 When T1 < 1 .0, above criteria for T1 fT2 not applied and '-' given instead of the value of T1 {f2 

u J-1- - -
8 - Events signalled 

- -
IO A. Previously known ADRs signalled 
II Central and Peripheral Nervous Syste~~m I-
I2~s_s__ __ I~ 42 ~+- 1~ 0.3 16.1 TJ Sedatron ~$$• 12 1 3 0 0 0 lnfmrte -
I4 ~ -

I5 8. Previously unknown ADRs signalled 
I6 -r r -r--~ '-.----
17 D. 'Hard-to-detect ' ADRs signalled 

Ts __L --
~ E. No description in !JNF but signalled 
JQ ~entral and Peripheral Nervous System 

21 Dizziness $$ 12 1.3 

~ Eye 
Jl ~njunctivitis 
J!~iratory 
~Asthma' 
26 

$$' 

1 4 

40 4.2 

17 0.4 

25 0.5 

63 1,3 

3.5 

2.6 

3.2 

2 

8.7 

0 

0 

3 

1.7 

1.3 

2.1 

-------'-----1-- --
~ Events NOT signalled 

28 -- ]- l c,._,__ 
-

29 A. Previously known ADRs NOT signalled 
30 Skin ----~ 

17 

3I Photosensitivity j 10.1 3 0.1 -
32 Rash -- I 16 1.7 ~ 0~ _1]~ 1.1 

~ ~entral and Peripheral Nervous System 
~ Akinesia 0 0.0 

35 Movement involuntary _ 0 0. 0 
36 Headache 

1
_ 17 1.8 

~ §~ ---il.! B~eharosflasrn 
~ ~eteriorated 
40 Visual disturbance 

--1 -----=0 ~-----~ 
0 0.0 
0 0.0 

~ Ali~ 
~ ~n_arel51_a 1-- 1 0.1 

43 Constipation _ -----1-- 1 0.1 
~~ea ~_1 . 8 
45 Drv mouth ------1---1- 1 o. 1 
~ ~h~a- _l _Q. ~ 
!-!.'!Nausea-- - 9 0.9 
~ ~~------i- - __ iQ _DJI-
cll ~bdomen _ 1~ 2.0 
~ Urologic 
~ Retentk,nsz - --
1} - -
""-'!. 

+----l-- 1 0.1 

__ o ~
o 0.0-

50 1.0 

- 0 00-
0 00-
2 0.0-

5 0.1 -
12 0.3 -
47 1.0 
00.0-
1 0.0-

JI ___Q,~-
30 0 ~ 
~~--13 

0 0 0-

-

1.7 1.0 

1.8 1.0 

1.7 0.8 
-.1}_ 1-----0.9 

-

Table 27 Cetirizine: Events signalled and not signalled 

max 

30.0 

7.4 

51 

47 

3.6 

2.9 

31 

3.4 
2.5 



A B c D R F G II I 
lfi4 EVENT 1Criteri"._]_N1 & D1 IT1 N2&D2-6 T2 JD[T2 95% Cl of T1rf2 

55 B. Previously unknown A DRs NOT signalled 27 
"--- --- - .---.--
56 Skin 1-------z 1'f Al~cia _ _ __ 0 - 00 0.0- - -

58 Musculoskeletal 1----;c-;; 
59~gia - --- ~ 1- 0.3_ 11 __Q1_ - - -
fo ~chiatric _ ~ 

35 0.7 -it o~ession@ 5~.5 - -
6Z Insomnia 0 0:.9_ 4 _ 0.1-

63 Central and Peripheral Nervous System - --
64 Convulsion• 0 00 0 - -~ - -
65 Epilepsy • 1-

--0 0.0 5 0.1 - - -

~ §~Y Qrand mal _() ~~ 
--0 0.0 -

67 Dystonia 0 ~ 
---0 _g4 -

68 Extrapyramidal disease@ 0 0.0 0 ~~ - _ - - -
69 Parkinson's disease• 0 0.0 0 ~.0 -_ -
70 Paraesthesia .:2 0.2 ~ 0.0- - - -
71 Tremor 0 0.0 2 0.0- - -
n Cardiovascular - 'o:o 73 Arrhythmia - g ---0 0.0- -
~ !:JlP.otension 0 0.0 3 _g1- - -

75 Palpitation _l 0.1 - 3 0.1 - -

~ Respiratory __ - -
Q,_2 _ 77 Bronchospasm ---~2 5 0.1 -

18 Wheezing 0 0.0 0 - 0 .0- ---"-
Metabolic and Endocrine ~ 

~ SWea~ 0 0.0 3 0.1 - - -
81 Haemopoietic - -

00 82 Leucoeenia@ - 0 0.0 0 -
~ !"_eu~e~ 0 O.o 1 0 .0 -

Anaemia aplastic" 
-

00 0 0 .0 
-~ -

84 0 - - -

~ Anaemia hypo_plastic 
-

~ 0:0 0 I~ -_ ,:__ -
86 Pancytopenia@ 0 (f.D 

_g 0.0 -
87 Thromboc~enia 

---
0.0 00 _____()_ 0 - --

88 Immunological -- --
~ Allergy ___ --- 1 0.1 7 0.1 - - -
~ Ana h !axis 0 0.0 0 - ~- - -

91 Angioneurotic oedema 0 0.0 0~- -
9Z 

-
93 D. 'Hard-to-detect' ADRs NOT signalled 

- __!_ - -
94 Alimentary 1 ~1-J 
95 Liver function test abnormal I I 1 ---o:1--1 0.0 - -

Table 27 Cetirizine: Events signalled and not signalled 



20 Loratadine 

ADRs in the BNF 

Description in the BNF No 19 March 1990 

LORATADINE 

cautions; Side-effects: see notes above ; incidence of sedation 

and antimuscarinic effects low ; pregnancy (toxicity at high 

doses in animal studies) 

In the beginning of section 3.4.1 Antihistamines, the following description is 

given: 

DISADVANTAGES OF ANTIHISTAMINES . With most antihis amines 

drowsiness is a serious disadvantage ; patients should be warned 

that their ability to drive or operate machinery may be impaired , 

and that the effects of alcohol may be increased . Other 

side - effects include headache , psychomotor impairment , 

antimuscarinic effects such as urinary retention , dry mouth, 

blurred vision , and gastro-intestinal disturbances ; occasional 

rashes and photosensi ti vi ty reactions have been reported ; 

paradoxical stimulation may rarely occur , especially in high 

dosage or in children . 

ADRs in the BNF No 19 

Drowsiness 

2 Headache 
3 Psychomotor impairment 
4 Urinary retention 
5 Dry mouth 
6 Blurred vision 
7 Gastro-intestinal disturbances 
8 Rashes 
9 Photosensitivity 



10 Paradoxical stimulation 

Description in the BNF No 31 March 1996 

LORATADINE 

cautions/ Side-effects: see notes above; incidence of sedation 

and antimuscarinic effects low ; pregnancy (toxicity at high 

doses in animal studies) 

In the beginning of section 3.4 .1 Antihistamines, the following description is 

given: 

DISADVANTAGES OF AN'UiliSTAMINES. Drowsiness is a particular 

disadvantage with most of the older antihistamines (althou h 

paradoxical stimulation may rarely occur , especially in high 

dosage or in children) ; drowsiness is considerably less of a 

problem with the newer ones (see also notes above) . 

Other side-effects that are more common with the older 

antihistamines include headache , psychomotor impairment , 

antimuscari nic effects such as urinary retention , dry mouth , 

blurred vision , and gastro-intestinal disturbances . 

Other side - effects of antihistamines reported include 

rashes and photosensitivity reactions , palpitations and 

arrhythmias (important : see especially risks associated with 

astemi zole and ter fenadine , p . 134) ' hypersensitivity 

reactions (including bronchospasm, angioedema , and 

anaphyla x is) , convulsions , sweating , myalgia , paraesthesia , 

blood disorders , extrapyramidal effects , remor , liver 

dysfunction , sleep disturbances , depression , hypotension , and 

hair loss . 

ADRs in 

the BNF No 31 

1 Drowsiness 

2 Headache 

described in the Event Dictionary low-level term(s) 

BNF 19? (Y/N) 

Y Drowsiness + Sedation 

Y Headache 

3 Psychomotor impairment Y Akinesia' + Movement involuntary' 



4 

5 

6 

Urinary retention 

Dry mouth 

Blurred vision 
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+ Dysphagia + Blephalospasm 

Y Retention 

Y Dry mouth 

Y Vision deteriorated + Visual 

disturbance 

7 Gastro-intestinal disturbances Y Anorexiab + Nauseab + Vomitingb + 

8 Rashes 

9 Photosensitivity 

10 Palpitation 

11 Arrhythmia 

12 Hypersensitivity 

13 Convulsions 

14 Sweating 

15 Myalgia 

16 Paraesthesia 

17 Blood disorders 

18 Extrapyramidal effects 

19 Tremor 

20 Sleep disturbances 

21 Depression 

22 Hypotension 

Pain abdomenb + Constipationb + 
Diarrhoeab 

Y Rash 

Y Photosensitivity 

N Palpitation 

N Arrhythmia 

N Bronchospasm + Wheezing + 

Angioneurotic oedema + Allergy + 

anaphylaxis 

N Convulsion + Epilepsy + Epilepsy 

grand mal 

N Sweating 

N Myalgia 

N Paraesthesia 

N Anaemia aplastic + Anaemia 

hypoplastic + Pancytopenia + 

Neutropenia + Leucopenia + 

Thrombocytopenia 

N Dystonia + Extrapyramidal disease + 

Parkinson's disease 

N Tremor 

N Insomnia 

N Depression 

N Hypotension 

23 Hair loss N Alopecia 

' Facial dyskinesia, a known ADR to some antihistamines, may have been coded 

by this term if reported as the term 'dyskinesia' is not available in the event 
dictionary_ 

bGastro-intestinal ADRs to antihistamines given in textbook89 even if some of 

them may be not really 'antimuscarinic' 



ADRs hard to detect without laboratory test and unexpected to be detected in 

the usual general practice 

N1 Liver dysfunction Liver function test abnormal 

Events signalled 

As shown in Table 28, 6 events (low-level terms) are signalled. One event is 

signalled by the statistical test only and another event is signalled by the rate 

ratio method only. The remaining 4 events (67 %) are signalled by both of the 

methods. 

01 the 6 events signalled, 2 events (33 %) are known ADRs (both ol them are 

under category A) but 4 events signalled are not shown in the BNF. 

Confounding by the indication or 'indication-related' event 

All of the four events signalled but not shown in the BNF as ADRs may be 

confounded by the indication. 'Conjunctivitis', may be manifestation of allergic 

rhinitis or hay fever for which an antihistamine is often prescribed. 'Asthma' 

which is often associated with 'cough' may be a manifestation of atopic diathesis 

which may be closely associated with 'rhinitis allergic' or others where 

antihistamines are often prescribed, though it is not impossible that this event is 

in fact an ADR to loratadine. 

ADRs signalled 

Of the 23 ADRs under category A or B, only 1 (4 %) are signalled. The 

remaining 22 events are rare except for 'rash' , 'headache', 'diarrhoea', 'pain 

abdomen' and 'depression' where T1 is 1 per 1000 patients per month or more. 

The results are similar to those with other two antihistamines. 



.- A B C D K F G II l 
i EVENT Cri!e_rja . N1 & D1 ~1 ~&D2-6 T2 ~1ff2 T Denominator total f---- 9304 . -~6419 
-r -~n~tormale -~~~ __ 1~503 
f Denominator female ~~ _ -~~~ T $ T1ff2 =or> 2.5 and$$. T1ff2 =or> 3.0, 'o < 0.001 (likelihood ratio test) + ~~bove crite~~p~d and '·' g1ven instead of the value of T11T2 

max 
95% Cl_ of T1ff2 
min 

8 Events signal_le~d--1--- __ 1--- _ 

9 :-
10 A. Previously known ADRs signalled 2 

~ cer;traland Peripheral Nervousl System -1-- __ _ 

Ts Sedation • 4 0.4 0 0 0 _ ,- _, -
IZ Drowsiness $$' ~2 1 3 2 0 0 !~1- 6 7 133.8 

T~ -- I - --:: ,__ ~ ~ 

ts B. Previously unknown ADRs signalled 0 

~-- 1 r .J ._!__ 
11 D. 'Hard-to-detect' ADRs signalled 

- -1-
0 

1s L~ CT 

~ ~~=script~::Nt-F bu~;~alle:~4f- 3
.
2 

zz Respiratory 
~ Asthma-·----- $$" 47 5:1 55 12 4-:3 2.9 
~couch }-=---- 21 2 3 38 o a ia - 1.6 
25 Rhinrtrs allergic H" .!.Z.~ 12 ____(l_l 7.1 

~ - -

4 

- 6.5 

6.3 
4.7 

14.8 

1.5 

3.4 

~ Events NOT signa//e_d-J--1 
28 I =--r - _ I--- --

--
29 A. Previously known ADRs NOT signalled 11 

- -
30 Skin BETI r~ 31 Photosensitivity 0 0.0 1 0.0 
~Rash --- 12 1.3 ___ 3_0 .__Q,6 2.01--1.0 

33 Central and Peripheral Nervous System 
34 Akinesia - 0 0.0 Q ~·~ - -
35 Movement involuntarv _ 0 0.0 .)? _Q,Q __ 
~Headache 1----.!.§ 1.61-- 54 1 . 2 1~ 
r;3::-J7. ;;.Ev~e:........ __ -----l---1------o --+--- __ _ 
~ ~harosoasm o o.o o o.o - __ 

39 Vrsion deteriorated 0 0.0 1 ~t=- -
40 Visual disturbance 1 0.1 f- 2 0.0 -

0.8 

-

-
39 

---
- -
---2.5 
-

---- -
41 Alimentary 
~ ~ 0 0.0 0 o.o1- - f--. 
~ Constlpatio-n-------1-f-_-_-_--~t===---"-4 l-00::.-"4l---1"'4 o3 - - -
1.44<1;';Di:':ar":'rh'-"o~ea~-------l--- 11 1.2 ~ ~·~ .....!._2 0.8 3.0 
~i!4s1,Q~rym'2o"'u~lhc__ ______ ~---+-- g~ Q _Q,Q ~ 
~ i:Jl'sphagia 0 0.0 ? _Q,Q i-=- . 

47 Nausea __ --71-.:::.0 . .:::.81--_ 11 0.2 -
~Vomiting 1---7+_,0"".81---'2:::5Cf-:0.5 - f:-
4:--9br--'.::.:ai"-n"!abi"d~o-m;e~-:n;-------====~~===--+--1,_,0 1.1 46 1. 0 --1-. 1 O.S 
~~ogic 
.;!_Retention -~-- 1 - 0.1 

~ ---------------.g -t----tf----1- -
2 0.0 -

Table 28 Loratadine: Events signalled and not signalled 
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f"54E'@Ifl__ _ J Criteri~D1lT1 1N2&D2-6 [T2 jT1fT2 95% Cl of T1fT2 

~ B. Previously unknown A DRs NOT signalled 
~~ -
57 Alopecia 

rss Musculoskeletal 
ffg~ --3 ___Q.3 

0 0.0!- 2_QJ:!.-

9 0.2-

'fa Psvchia~c -= ·--=-
fij~ression@ f--- _ 10 1.1 36 1M - 1.4 
ftrlilsomnia ___ __ o~ --71- 02 

63 ~and Peripheral Nervous Syste.!_ll _ 
'trconvulsion' ~ 0 _(JJ:!. - 2 ,_QJ:!.-
~-- ' -;; . -- · - ~~ 
65 ~ • -- -J--2-:-~ Q ~-~. 

f6ij SE!'e s g_l"and mal 0 0~~ 0 0.0 -
i7 D~stonia _ _ 0 0.0 0 0.0 -
"fs E~yramidal disease@ 0~ 0 0 0 -
fg Parkinson's disease• 0 0.0 0 0.0 -
10 Paraesthesia --- 1 0. 1 3 0.1 -

TI Tremof - - 1 0.1 1 0.0 -

72 Cardiovascular 13 Arihyfilm-ia-- ----t----l 

~ _Hypotension 
]E. Palpitation 
76 Respiratory 
77 Bronchospasm 
78 Wheezing 

6 
0 

0.6 
0.0 

~ Metabolic and E~ocrine 
~ S!ieatlng ------t---t---'0 ~ 

0~
__1_ 0~ -
0~-

7 0.2-
0 0 0-

6 0.1 . 

-
-

-
-
-

-
-
-
-

-
-
-
-

-

4 Haemo~oietic 
~ Leuco enia@_ __g 0.0 r--- 0 _o.o - _ .-
83 Neutropenia -1-- 0 0.0 0 0.0 - -

27 

-

07 
-

-
--
-
-
-
-
-
-

-

-
-

-

·-

84 Anaemia aplastic' 0 0.0 0 O.o -:-
85 Anaemia h~""la=st"'ic'----- I- 6 0.0 0 _() .~- - __ 
86 Pancytopenia@ 0 0.0 0 0.0 - -
87 Thromboevtope':cni"'a-----+---t----o;:;-t--co"'".o""'- o 0"6 - - - -
~ l_mmunological 
~~~ 1 0.1 2. 0.0-

90 An~--;~ll-ax-.-is-------l---!---::o-t-.;;o"'"o 1 o o.o -
rU- Angioneurotic oedema - -- ------:) 0.1 --2 0 o -

92 

93 C. 'Questionable' ADRs NOTslgnalled 
r! ----- ==-=r I I L -- -

95 D. 'Hard-to-detect' ADRs NOT signalled 
96 Alimentary 1 --r-=r -r-
97 Liver function test abnomnal r-otcJ;Di 2f 0.0 -

~ _ -

0 

1 
-

·:-

Table 28 Loratadine: Events signalled and not signalled 

28 

-



21 Nedocromil 

ADRs in the BNF 

Description in the BNF No 18 September 1989 

NEDOCROMIL 

Side-effects: see under Sodium Cromoglycate ; also headache , 

nausea (both mild and transient) ; bitter taste 

SODIUM CROMOGLYCATE 

Side-effects: coughing , transient bronchospasm , and hroa 

irritation due to inhalation of powder . 

ADRs in the BNF No 18 

Irritation due to inhalation (coughing, transient bronchospasm, throat 

irritation) 

2 Headache 

3 Nausea 

4 Bitter taste 

Description in the BNF No 31 March 1996 

NEDOCROMIL SODIUM 

Side-effects: see under Sodium Cromoglycate ; also headache , 

nausea , vomiting , dyspepsia, abdominal pain (mild and 

transient) ; bitter taste (masked by mint flavour) 

SODIUM CROMOGLYCATE 

Side-effects: coughing , transient bronchospasm, and throat 

irritation due to inhalation of powder 



ADRs in described in the Event Dictionary low-level term(s) 

the BNF No 31 BNF 18? (YIN) 

1 Irritation due to inhalation Y Cough + Bronchospasm + Wheezing 

+ Pharynx irritation 

2 Headache Y Headache 

3 Nausea Y Nausea 

4 Vomiting N Vomiting 

5 Dyspepsia N Dyspepsia 

6 Abdominal pain N Pain abdomen 

7 Bitter taste Y Drug unpalatable 

Events signalled 

As shown in Table 29, 10 events (low-level terms) are signalled. Three events 

are signalled by the statistical test only and one event is signalled by the rate 

ratio method only. The remaining 6 events (60 %) are signal led by both of the 

methods. 

Of the 10 events signalled, 5 events are known ADRs (4 are under category A 

and one is under category B) but 5 events signalled are not shown in the BNF. 

Of these 5 events, 1 may be regarded as a known ADR 

'Sore mouth' may be associated with 'bitter taste' or 'irritation due to 

inhalation' 

If this event is added to currently known ADRs, 6 of 10 (60 %) may be judged to 

be currently known ADRs. 

Confounding by the indication or 'indication-related' event 

Two events 'asthma' and 'infection chest' are likely to be confounded by the 

indication. It is well known that chest infection can worsen asthma or induce 

asthma attack. 'Cough' shown as a previously known ADR signalled may be in 

fact confounded by the indication as cough is a common manifestation of 



asthma. 

@Rs signalled 

Of the 7 ADRs under category A or B, 5 (71 %) are signalled if 'sore mouth' is 

considered to be associated with 'bitter taste'. With the remaining 2 events, 

'dyspepsia' and 'pain abdomen', T1 = 0.8 and 2.0 per 1000 patients per month, 

respectively. 
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.-- A B C D H Fl G H f 

1 EVENT Cntena N1 &L 1 T1 N2&D2-6 ==r2 T1/T2 95% Cl of T1/T2 i ---oenommator~ - ~2292 61270 min max t Denominator male 6337 31597 
-f Denominator female _ ~765 - ~31 
5 s T1/T2- or> 2 5 and$$· T1/T2 =or > 3 0, • p < 0 001 (likelihood ratro lest) tt ~-0, above criteria for T11T2 not applied and '-' gtv~e~~f the value of_T1ff2 

~ Event~ siH!!a£1_ t I >-+ - -

10 A. Previously known ADRs signalled 
~ centraraiiCIPeripheral N~_ous S stem 1--

4 

29 

14 couah s_·__ ss 4 sf- 93 1 ~ 1_1:9 2]. 
~ ;:::~;:.... l"' ~J2j : 1- 92 1 5 3:9 

~ Alimen~ __ __ -f- _ 

16 Nausea H.:.___ f-- 73 ~~ ~~ ~~ ~ 
~~~nx irritation $$ 12 1 0 20 0 3 3.0 1.5 

--- - -:-'-
19 8. Previously unknown ADRs signalled 

~~~ 1$. r 33~r 49 08 - 34 2.2 

23 E. No description in BNF but signalled 
~ P~chiatri~ ---- --- __ -
~Malaise -~ 1-22 1.8 17 0 3 
~ Respirat~ __ 
~Asthma' __ - . -- 5"""'6~27 7 t.- ~ 1: ::ot-- 457 .5 
~ lnfectron chest' 
29 Alimentary. ___ _ 
~Sorem~o~ut~h---~~--
31 Immunological 
32 Unsoecified side effects 
33 

• ~8 8.0 _ 310 5.i 

8 0.1 

- 9 0.1-

~ Events NOT signalled 
35 -- r----1" f-
~ --- !__! --.,. 

~ A. Previously known A DRs NOT signalled 

5 

65 3.4 

1.7 1.4 
1.6 1.3 

7.5 ~ 

3 

40 Other events usually not shown - -

5.3 

4.1 

11 7 
6 1 

5.2 

12.1 

~-2 
2.0 

18:3 

36 !l~~~ ___ ~~t~ 3t~~L 2~- 1.1 

1-U ~9 unpalatable 2 0 2 1 0 0 - -- - -
42 - ---- -- -- --
~ - ~L-
~ B. Previously unknown ADRs NOT signalled 
~ Aililienta-ry-- T ~-- r -
~ Dy~@ ~io:sl 56 0.9 ----~ -
46Painabdomen 24 1 2.0 1 72 - 1.2 ----:u 1.0 --2.6 

2 

Table 29 Nedocromil: Events signalled and not signalled 



22 Acyclovir 

ADRs in the BNF 

Description in the BNF No 13 March 1987 

ACYCLOVIR 

Side-effects: rashes ; gas tro- in estinal disturbances; rises in 

bilirubin and liver-related enzymes, increases in blood urea 

and creatinine , decreases in haematological indices , headache, 

neurological reactions , fatigue 

ADRs in the BNF No 13 

Rashes 

2 Gastro-intestinal disturbances 

3 Rises in bilirubin and liver-related enzymes 

4 Increases in blood urea and creatinine 

5 Decreases in haematological indices 

6 Headache 

7 Neurological reactions 

8 Fatigue 

Description in the BNF No 31 March 1996 

ACYCLOVIR 

Side-effects: rashes ; gas tro-intes inal disturbances ; rises in 

bilirubin and liver-related enzymes , increases in blood urea 

and creatinine , decreases in haematological indices , headache , 

neurological reactions (including dizziness) , fatigue ; on 

intravenous infusion , severe local inflammation (sometimes 

leading to ulceration) , also confusion , hallucinations , 

agitation , tremors , somnolence , psychosis , convulsions and 
coma 
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ADRs in 

the BNF No 31 

described in the Event Dictionary low-level term(s) 

BNF 13? (Y/N) 

1 Rashes Y Rash 

2 Gastro-intestinal disturbances Y Dyspepsia + Nausea + Vomiting + 

3 

4 

5 

Rises in bilirubin 

Headache 

Neurological reactions 

6 Fatigue 

7 Confusion 

8 Hallucinations 

9 Agitation 

10 Tremors 

11 Somnolence 

12 Psychosis 

13 Convulsions 

14 Coma 

Pain abdomen + Constipation + 

Diarrhoea 

Y Jaundice 

Y Headache 

Y Dizziness + Paraesthesia 

Extrapyramidal disease 

Y Malaise + Lassitude 

N Confusion 

N Hallucination 

N Agitation 

N Tremor 

N Drowsiness + Sedation 

N Psychosis 

+ 

N Convulsion + Epilepsy + Epilepsy 

grand mal 

N Coma 

ADRs hard to detect without laboratory test and unexpected to be detected in 

the usual general practice 

N1 Rises in liver-related enzymes 

N2 Increases in blood urea 

N3 Increases in creatinine 

N4 Decreases in haematological 

indices 

'Description in a textbook92 

bDescription in a textbook93 

Events signalled 

Liver function test abnormal 

Urea raised 

Renal function test abnormal 

Thrombocytopenia" + Anaemia + 

Anaemia macrocyticb 

As shown in Table 30, 16 events (low-level terms) are signalled. Six events are 

signalled by the statistical test only and two events are signalled by the rate ratio 



method only. The remaining 8 events (SO %) are signalled by both of the 

methods. 

Of the 16 events signalled, 6 events (38 %) are known ADRs (5 are under 

category A and one is under category B) but 10 events signalled are not shown 

in the BNF. 

Confounding by the indication or ' indication-related' event 

All of the 10 events signalled but not shown as A DRs in the BNF may be 

confounded by the indication. They are infections often accompanied by 

herpes simplex ('infection ', 'impetigo', 'infection skin', 'vaginal candidiasis', 

'vaginal discharge' and 'dysuria') or sign concomitant with herpes simplex 

('pyrexia of unknown origin') or sequelae of herpes zoster ('Bell 's palsy', 

'neuralgia' and 'neuralgia postherpetic', ) 

ADRs signalled 

Of the 14 ADRs under category A orB, 3 (21 %) are signalled. The other 13 

ADRs are rare except for 'headache', 'diarrhoea' and 'pain abdomen' where T1 

is 1.0 per 1000 patients per month or more. 



- A BCD K F G HI 
l EVENT Criteria N1 & _cg T1 _ N2&D2-6 T2 T1fT2 95% Cl of T1 fT2 

-f - Denominator total 11046 5~~1_Q min 
-J ~tor male 3950 19602 
T Denominator female 6863 - 34054 
-( s: T1fT2- or> 2.5 and$$: T1fT2- or> 3.0, • ~OQ_1_~1ihood ratio test) 
6 When T1 < 1 0, above critena for T1fT2 not applied and '-' g1ven Instead of the value of T1rr2 

~Events sign~d ~ r -
~ l -I=_ -

10 A. Previously known ADRs signalled 
11 Skin 
IZ Rash 
~ Psychiatric 
frt Malaise 

1--~3-'--1 r-'"2.81-- 37 0.7,_ 4 2 

w f-- 21 1.9 _ ~ 0.3 7.4 

--23 i1 

max 

5 

2.6 

3.8 -
-

34 
15 Alimentary 
16 ConstiE_ation 
17 Nausea --,-4 f31-

==~-__ 2Ir-21 

18 0.3 
14 0.3 
28 02_ 

6.3 
5.Q_ 24-

'fs Voii1itirlQ 
rfg 

zo B. Previously unknown ADRs signalled 
Zl ~chiatric 1- ~ ~-
~Confusion _f _ ± ~~= 3 0.1 -

z4 D. 'Hard-to-detect' ADRs signalled 

:: E. No description ln BNf but --ilg~alled - --4 Skin _ 
Z8 Impetigo • 9 0 8 -
Z9 Infection skin $$ 12 1 1 

30 Central and Peripheral Nervous System 
31 Bell's palsy • - 60.5 -

• -f- --4 Neuralgia __ _ __ I _Q_.f3 
33 Neuralgia postherpetic $$• 160 14.5 

~ Urolog!£_ -
~Dysuria_ __ $$• 14 1.3 _ 

36 Female Reproductive 
Ji_~ginal candidiasis --- $* 

38 Vaginal discha__r_ge $-$ -
39 Miscellaneous Infection 
~~n * --,0 - 0-9 

41 ~exia of unknown origin • -- 7 ._____Q:f3_ 
42 ---- ,--
~ ------------ r---- f-
!44---- ---

-
-

45 -

2 0.0 -
16 0.3 

1 0.0 -
4 0 1 -

90 1.6 

13 0.2 

47 1.4_ 
2 6 0,6 

4 o-:1-
2 0.0 -

-

4.8 2.8 

1 

-

0 

10 

-
3.7 1 8 

8.8 6.8 

5.3 2.5 

2.6 ---------, 6 
3.0 1.5 

-
f4t ----------f----1-- 1- ---
~ 
~ 
'49 

---------+---+---~ 

50 
'Sfr- -- --- ---1-
52 -- -------+----1---

1-

53 -- --
~ ----------- -- f-

-f-
-

-

-

6.7 

14.6 

11 .7 
10.4 
8.1 

79 

11.4 

11.4 

4.3 
6.:_1 

it------------f---1----- -
~~~-----___ _L __ L_ _ _L_L_ _ _L_L__~ _ _L_~ 

Table 30 Acyclovir: Events signalled and not signalled 



,.- A B C 0 R F G 
'"f6 EV.§!'!I_ _ Criteria IN1 & D_! I1_ N2&D2-6 T2 T1fT2 

~ Events NOT signalled 
~ss-- L: ~ - =-=- c-- f--

59 A. Previously known ADRs NOT signalled 
~fuchiatric I I T _ 
'ftLassitude L L 101_ 0.9 17 03 c=--
&2 ~nd Perip_heral Nervous System_ . __ 
~ Drzziness f-- 7 ___Qc£ 1! ~~ 
64 ~."midal disease@ f---- 0 _ 0. ()_ __ 0 f--2._Q -

'65 Headache 17 --!~ 37~7 ~~ 
66 Paraesthesia ___ -f----· ~ 0.4 8 0 1 

67 Alimentary lfs OiiiifiiOea -- 17 1.51- 41 0.7 

69 ~~@ --- ~~-~7 14 0.3 -
'fo Jaundice 0 0.0 __o 0.0 -

2.1 

11 Pain abdomen _ 23 2 .1 2!_ 1 . ()_~2 

72 
~ B.PreViOUsly unknown .ifDRs NOT signalled 

iif::, LI :! ~~r- : ::: 

J.f_ ~os~----- _ __ o o of--- o 5.o 
~ Central and Peripheral Nervous System 
.g Coma _ _ __ 0 ___Q._Q 0 0.0 -
80 Convulsion• _ 0 1-0.0 1 0.0 -
81 Epilepsy • _ 1 0.1 2 0,0 -
~~~rand mal ___Q _Q 0 1 0.0 -
83 Drowsiness _ _ _ 1 0.1 0 0 0 -
84 Sedation ___ 0 0.0 0 00 -
85 Tremor 1

1
--'o'-'-.1-'t--__ 1 0.0 _- _ 

86 

87 D. 'Hard-to-detect' ADRs NOT signalled 
88 Alimentary . - -

~Liver function test abnormal -- 0 0.0 1 0.0 -

90 Urologic 
91 Renal function test abnormal 
92 Urea raised 

1---t----;;~ __g. _Q_Q. 
0 0.0 

93 Haemopoietic 
~1\naemia _ 
95 Anaemia macrocytic@ 
96 Thrombocytopenia 

---1---::_- 1 ~-
---- O ___Q Q 

1 0.1 

0~-
0 0.0 -

2 0.0 -
o og,-
o 0.0 -

II 1 
95% Cl of T1fT2 

9 

-

- I"--
- -

1 3 4.0 
- -

1.2 3.6 
- -

1.3 3.5 

10 

- -

-
- -

-
- -

-
~ - -

6 
-

-- -
--

- -

- -
- -
- -

Table 30 Acyclovir: Events signalled and not signalled 
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23 Ciprofloxacin 

ADRs in the BNF 

Description in the BNF No 17 March 1989 

CIPROFLOXACIN 

Si de-effects: nausea , vomiting , diarrhoea , dyspepsia , 

abdominal pain : dizziness , headache , fatigue , confusion , 

convulsions ; rashes , pruritus , joint pain , photosensitivity ; 

increases in liver enzymes (particularly in those with previous 

liver damage) and in serum bilirubin , urea or creatinine) 

ADRs in the BNF No 17 

1 Nausea 

2 Vomiting 

3 Diarrhoea 

4 Dyspepsia 

5 Abdominal pain 

6 Dizziness 

7 Headache 

8 Fatigue 

9 Confusion 

10 Convulsions 

11 Rashes 

12 Pruritus 

13 Joint pain 

14 Photosensitivity 
15 Increases in liver enzymes 
16 Increases in serum bilirubin 
17 Increases in urea 
18 Increases in creatinine 



Description in the BNF No 31 March 1996 

CIPROFLOXACIN 

cautions; Side-effects: see notes above ; avoid excessive 

alkalinity of urine and ensure adequate fluid intake (risk of 

crystalluria l ; not recommended in children of growing 

adolescents ; caution in G6PD deficiency (see section 9 . 1 . 5) ; 

anaphylax is reported , also reported dyspepsia , flatulence , 

dysphagia , tremor , convulsions , jaundice and hepatitis with 

necrosis , renal failure , nephritis, vasculitis , erythema 

nodosum, Stevens - Johnson syndrome , Lyell syndrome , petechiae , 

haemorrhagic bullae , tenosynovitis and tachycardia ; pain and 

phlebitis at injection site 

In the beginning of the section 5.1.12 4-Quinolones, the following description is 

given 

SIDE-EFFEcrrs . Conunon side-effects of the 4 -quinolones include 

nausea , vomiting , abdominal paJn , diarrhoea (rarely 

pseudomembranous colitis) , headache , dizziness , sleep 

disorders , rash , pruritus , fever , 

photosensi ti vi y , increase in blood urea 

anaphylaxis , 

and creatinine , 
transient 

arthralgia 

disturbances in 

and myalgia , 

liver 

blood 

enzymes and 

disorders 

bilirubin, 

(including 
eosinophilia , 

prothrombin 

leucopenia , thrombocytopenia , and altered 

side-effects concentrations). Less frequent 

include anorex ia , restlessness , depression , hallucinations , 

confusion , and disturbances in vision , taste , hearing and 

smell ; also isolated reports of intracranial hypertension and 

tendon damage (see CSM advice above) . Side- effects that have 

been reported to t he CSM also include haemolytic anaemia , renal 

impairment , hepatic dysfunction , anaphylaxis , and 

hypoglycaemia . The drug should be discontinued if mental , 

neurological of \1ypersensi ti vi ty reactions occur with the first 
dose . 



ADRs in described in the Event Dictionary low-level term(s) 

the BNF No 31 BNF 17? (YIN) 

Side effects common to 4-Quinolones 
1 Nausea Y Nausea 

2 Vomiting Y Vomiting 

3 Abdominal pain 

4 Diarrhoea 

5 Headache 

6 Dizziness 

7 Sleep disorders 

8 Rash 

9 Pruritus 

10 Fever 

11 Anaphylaxis 

12 Photosensitivity 

13 Arthralgia 

14 Myalgia 

15 Blood disorders 

16 Anorexia 

17 Restlessness 

18 Depression 

19 Hallucinations 

20 Confusion 

21 Disturbances in vision 

22 Disturbances in taste 

23 Disturbances in hearing 

24 Disturbances in smell 

25 Intracranial hypertension 

26 Tendon damage 

27 Haemolytic anaemia 

28 Renal impairment 

Y Pain abdomen 

Y Diarrhoea + 

pseudomembranous 

Y Headache 

Y Dizziness 

N Insomnia 

Y Rash 

Y Pruritus 

N Pyrexia of unknown origin 

N Anaphylaxis 

Y Photosensitivity 

Y Painjoint 

N Myalgia 

Colitis 

N Eosinophilia + Leucopenia + 

Neutropenia + Thrombocytopenia + 

Coagulation disorder 

N Anorexia 

N Hyperactive 

N Depression 

N Hallucination 

Y Confusion 

N Vision deteriorated + Visual 

disturbance 

N Taste abnormal 

N Deafness + Ear unspecified 

N Smell abnormal 

N No term available 

N Tendinitis+ Tenosynovitis 

N Anaemia haemolytic 

N Renal failure acute + Renal failure 



chronic + Renal failure + Uraemia 

29 Hypoglycaemia N Hypoglycaemia 

Side effects specifically for ciprofloxacin 

30 Dyspepsia y Dyspepsia 

31 Flatulence N Flatulence 

32 Dysphagia N Dysphagia 

33 Tremor N Tremor 

34 Convulsions y Convulsion + Epilepsy + Epilepsy 

grand mal 

35 Jaundice and hepatitis N Hepatitis + Jaundice 

36 Nephritis N Nephritis + Nephropathy 

37 Vascu litis N Vasculitis 

38 Erythema nodosum N Erythema nodosum 

39 Stevens-Johnson syndrome N Stevens-Johnson syndrome 

40 Lyell syndrome N no term available 

41 Petechiae N Purpura 

42 Haemorrhagic bullae N Blister + Eruption bullous 

43 Tachycardia N Tachycardia 

ADRs hard to detect without laboratory test and unexpected to be detected in 

the usual general practice 

N1 Increase in blood urea 

and creatinine 

N2 Transient disturbances in liver 

enzymes and bilirubin 

Events signalled 

Urea raised + Renal function test 

abnormal 

Liver function test abnormal 

As shown in Table 31 , 14 events (low-level terms) are signalled. Five events 

are signalled by the statistical test only and two events are signalled by the rate 

ratio method only. The remaining 7 events (50%) are signalled by both of the 

methods. 

Of the 14 events signalled , 6 events are known ADRs (all of them are under 

category A) but 8 events signalled are not shown in the BNF. 



At least the following 2 events not shown in the BNF may be considered to be 

known ADRs. 

'Malaise' is associated with 'Weakness' described in literature other than 

BNF
94

. 

2 'Vaginal candidiasis' may be also regarded to be known ADR as 'vaginitis' 

is described in literature other than BNF94
. 

If these two are added to previously known ADRs, 8 of 14 events (57 %) may be 

regarded to be currently known ADRs. 

'Vaginal candidiasis' is probably due to the change in the normal vaginal flora 

induced by ciprofloxacin and should be an ADR to ciprofloxacin . It is difficult to 

judge whether or not 'vaginal candidiasis' signalled in the PEM study is identical 

to 'vaginitis' given in one literature with no detailed information94 'Vaginal 

candidiasis' may be regarded as an ADR detected by the PEM study for the first 

time and has been not widely recognised as an ADR to ciprofloxacin even if the 

secondary infection due to the change in the normal flora is always a likely 

scenario brought by any antibiotic. 

Confounding by the indication or 'indication-related' event 

Some of events signalled but not described as ADRs in the BNF may be 

confounded by the indication. 'Cough', 'tonsillitis', 'abscess' are closely 

associated with the indication. 

ADRs signalled 

Of the 43 ADRs under category A or B, 6 (14 %) are signalled. The other 37 

ADRs are rare except for 'pain joint', 'headache', 'dyspepsia' and 'depression' 

where T1 is 1.0 per 1000 patients per month or more. 



r- A B C D R F G H l 
l EVENT Criteria N1 & 01 T1 N2&02-6 T2 T1/T2 95% Cl of T1/T2 

ft~minatortotal 11475r-- 48461 m1n _ max 
fJ Denommator male 4493 18976 
1-f Denominator female - 6607 --27906 
5 $ T1/T2- or > 2.5 and$$. T1/T2- or > 3.0, •_p < 0.001 (likelihood ratio test) 
6 When T1 < 1.0, above criteria for T1fT2 not ap lied and'-' given instead of the value~ T1fT2 

7 -

8 Events signalled 
'9 --- -;;;;:----;; -

10 A. Previously known ADRs signalled 6 

11 Skin T i-- --
12 Rash $" 32 _ 2.8 52~ --2""6'+--1"-'7+ 
13 Central and Peripheral Nervous System -= _ 
14 Dizziness $$" _ 21 - 1.8 30 0~ 3.0 1.7 

15 Alimentary 
16 Diarrhoea $" ---¥~ ~ ____:1_2 1~ 1.8 
17 ~-- $$" 39 3 4 25 0.5 6.6 4.0 

ffsvom1ting w-- s:J 46 55 1.1 4.1 2.8 
fJ9pa;;;abdomen • -s9 ~ 1os 2.2 2.4 1.7 w --~ 
i= -- . ..,..-- -- - -c--

21 B. Previously unknown ADRs signalled 0 
~ --~- _]__ =:LJ 
23 D. 'Hard-to-detect' ADRs signalled 

f-[4' L _l I j_ _ _ 1-

25 E. No description in BNF but signalled 

0 

8 
--,-- ,.--

~ Psychia:::;t::._ri:.:c'------~ 
,E. Malaise 1 ~ 

zs Cardiovascular 

--1-7 1-:5" 25 OS~ 

$ 15 1.3 
4 0.3 

~Left ventricular failure· 

39 3.4 

~~nosis 

31 Respiratory'-------!.--1---:=1-~.,-/ 
~~ . 
~Tonsillitis $$" 
34 Female Ree.r:_oductive 
35 Vaginal candidiasis $$* 

36 Miscellaneous Infection 
ciT Abs~ --c-o---

~ )!!lmunolog~ic..:..a:::,l'------
~ Un~~ecified side effects -. -
40 

15 1.3 

50 7.6 

--
o.? ~ 

--6 0~ 

--
22 0.5 2.9 1~ 

0 _ ___ll_,_Q-

--
73 1.5 

f--
2.3 1.5 

15 - o3 4.2 2.1 

36 1 3 5.9 3.8 

3 0 1 - -

0 0.0 - -
-

-

4.0 

5.2 

3.7 
10.9 
5.9 
3.3 

53 

5:"6 

3.3 
8:6 

9.0 

41 Events NOT signalled 
_g =c=r= . =- --:- -
43 A. Previously known ADRs NOT signalled 

-1-----

11 Skin .-- · ,---
-% Photosensiti~ _ · - - 1 r-6:1 3 0.1 -
,! Pruritus:@ _ 9 o:S 1~ 0.4 -

47 Musculoskeletal 
l!.~~ 
~ Psychiat:-r.,.-ic __ _ 
~Confusion - -- 9 ----o:a 

76 1:6 

1--;;---;< 
13 0]_-

1.1 

1--
10 

0,6 

~ 
~u------------ r-- - ----

f-

Table 31 Ciprofloxacin : Events signalled and not signalled 

1.7 



,- A B _l C D E F G II I 
CfJ EVENT Criteria LN1 & D1 T1 N2&D2-6 \T2 T1fr2 \95% Cl of T1fr2 

';; A. Previously known ADRs NOT signalled continued 
55 Central and Peripheral Nervous System __ 
56 convulsion· 1 0.1 1 .,o.:.::.0'!-----1----4---

CW Epilepsy· 2 0.2 4 0.1 - -
58~~andmal 0 0.0 1 ~0-

ffg Headache __1i~. 1 __ 52 1.1 ~9t- 1.2 

60 Alimentary 
fi (jyspepsia@J 13 TI 48 1.0 11 0.6 
6Z Colitis pseudomembranous• __ 1- 0 ~ 0 0 0 -

63 - ~ '::--==-~c--=1=-.,.-L..__ 
64 B. Previously unknown ADRs NOT signalled 

-- - - r--- - - ---t-
41 

65 Skin 
66 Blister 0~ 20.0 -
67 Eruption bullous@ ___ _ 0 1 o.or- 000- -~ 
68 Erythema nodosum 0 0.0 • -
69 Pureura 
7o stevensTohnson syn<Jrome 

__g~Q 
~ .QJl 

0 0.0 
~ 0.0 . • -
0 0 .0- . 

11 Musculoskeletal 
lf2"~ia 
'73 Tendinitis 

~ 0.6 --29 6:6. 
1 0.1 0 0.0 • 

74 Tenosynovitis ---t----'0+---'0'--=0 t- 3 0 1 • 
75 ~~atric rw Depression @ ~~ 3 

f77 Hallucination 3 0 3 
~Hyperactive -1-- 0 0.0 

79 Insomnia 5 0 .4 
~ Central and Peripheral Nervous System 
~Smell abnormal 0 0.0 
~Taste abnormal _ 1 0.1 

~!_re~ -t- - 2 0.2 
~§'_e__ -

85 Vision deteriorated 
86 Visual disturbance 

0 0.0 
1 - 0.1 

J!.~--
1 88 Deafness I- 1-- 5 

~ Cardiovascular __ 
~~"cardia f-- __ ~0 r.9~1 -~Va~s~cu~lit2ls~--------l 

0.4 

0.3 
0.0 

~ Alimentary__ _ _ 
~~ - 4 03 
~ .Qts hag"cia::-------- ~ · 0.2 
95 Flatulence · -~- 4 6:3 
~ f:i<'patitis • +----!-- 0 - 0 0 

r!ZJ~ -- 0 0._() 
~ Metabol!£ and Endocrine 
~~I caemia - 1 0 .1 

77 1.6 
1 0 0 . 
0 0.0. 

18 04-

0 00-
1 0.0-
7 0.1 -

0 00-
3 0.1. 

5 0.1 • 

3 0.1. 
0 0.0. 

7 0.1 • 
6 0.1. 
8 0.2. 
1 0.0. 
3 0.1 -=-

1 4 09 

. -

~ ~ ic =--------1 

~ N~ritis -- 0 - 0.0 ---a DO t- - _ --
rm~~-~ --o t--o.o 0 o:o r=-- • • 
103 Renal failure acute t- ot--o.o 0 "'o."'oi-_--t-.---1 

lli~id14 C:Re;;n~at~ra="iif"uC::re'-.!:c~h~ro:!:.n~ic7• ---+-_--+ --, I~ ·--ca"'-.71_1 ---,3;;-t 01-
~Renal failure"'· c.:.:..::c:..::..:: ___ -11-- I- _;..f-4~ 4 0 1 • - :._ 
~Uraemia• - 0 0.0 0 0.0- - _ -

1---

32 

2.1 

2.2 

~ 
~ 
-----------~--L-~-~-~-~-J_-~-~ 

Table 31 Ciprofloxacin: Events signalled and not signalled 
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- A B C 0 _L K F G II I 

109 EVi!:!I.- Criteria _j N1 &_Q1 ~.)~~&D2~T2 j_T1fT2 _L95% Cl of T1fT2 

~ B. Previously unknown ADRs NOT signalled continued 
iii ffileiTiOeoietic - .--
ITi Araemia haemolytic - 0 0.0 0 0.0 -
ffi coagulation disorder ~ 0.0 0 0.0 -
114 Eosinophilia@ 0 oat-- 0 0.0 -
115Leuc~nia@ 1 0.1f- 0 00 -
116 Neutropenia -r--- 0 0.0 0 0.0-
117 Thromboc1!£Eenia 1 0.1 1 0.0 -
118 Miscellaneous Infection 
119 Pyrexia of unknown origin __srcu 
120 Immunological _

1 
_ _ _ 

12ti~laxls _() 0.0 
~ OthereventS usually not shown 
123 Ear unspecified r-- -- 1

1 
_____QJ_ 

124 T __ ~ 

0 0 0 -

10 0.2-

125 D. 'Hard-to-detect' ADRs NOT signalled J 
1-

126 Alimentary ,_ 
~12~7~Li~ve~r~fu~nc7r~ro~n ~te~s~ta~b~n~or~m~a~l __ 1 ___ -r--~o 1_o~-~Or---=2 J ~- 1~ -
128 Urologic 
lfz9 Renal function test abnormal 0 0.0 0 0.0-
130 Urea raised 0.1 4 0.1 -

Table 31 Ciprofloxacin: Events signalled and not signalled 



24 Fluconazole 

ADRs in the BNF 

Description in the BNF No 17 March 1989 

FLUCONAZOLE 

Side-effects: nausea , abdominal discomfort , 

occasionally abnormalities of liver enzymes 

ADRs in the BNF No 17 

1 Nausea 

2 Abdominal discomfort 

3 Headache 

4 Abnormalities of liver enzymes 

Description in the BNF No 31 March 1996 

FLUCONAZOLE 

headache; 

Side-effects: nausea , abdominal discomfort , diarrhoea , and 

flatulence ; occasionally abnormalities of liver enzymes ; 

rarely rash (discontinue treatment or monitor closely if 

infection invasive or systemic) ; angioedema , anaphylaxis , 

bullous lesions , and S tevens-,Johnson syndrome reported ; severe 

cutaneous reactions in AIDS patients also reported . 

ADRs in described in the Event Dictionary low-level term(s) 

the BNF No 31 BNF 17 ? (YIN) 
1 Nausea y Nausea 
2 Abdominal discomfort y Vomiting 

3 Diarrhoea N Diarrhoea 
4 Flatulence N Flatulence 
5 Rash N Rash 
6 Angioedema N Angioneurotic oedema 
7 Anaphylaxis N Anaphylaxis 



8 

9 

Bulluos lesions 

Stevens-Johnson syndrome 

N Blister+ Eruption bullous 

N Stevens-Johnson syndrome 

ADRs hard to detect without laboratory test and unexpected to be detected in 

the usual general practice 

N1 Transient disturbances in liver 

enzymes and bilirubin Liver function test abnormal 

Events signalled 

As shown in Table 32, 13 events (low-level terms) are signalled Eight events 

are signalled by the statistical test only and two events are signalled by the rate 

ratio method only. The remaining 2 events (15 %) are signalled by both of the 

methods. 

Of the 13 events signalled, 2 events (15 %) are known ADRs (one is under 

category A and the other is under category B) but 11 events signalled are not 

shown in the BNF. It may be noted that in the PEM report of fluconazole, the 

following is described as conclusion32
. 

The concept of a one - dose treatment for an important disease 

is novel a nd it has been rewarding to note t h e exce l lent response 

of doctors who were requested to participate in t h e monitoring 

of fluconazole and their high opinion of its efficacy . 

Fluconazole has been almost completely free from adverse 

reactions in his group of more han 15 , 000 patients who 

represent a large p roportion of the earliest population to 

receive this drug irunediately af er its release for use in 

general practice . 

The above conclusion has been augmented by the succeeding study following 

up 289 women taking fluconazole at some time during the months before or 

during pregnancy. In this study examining the outcome of pregnancy, 

fluconazole is concluded to be without harmful effed0
• 



_c.gnfoundinq by the indication or 'indication-related' event 

Most events signalled but not described as ADRs in the BNF may be 

confounded by the indication except for 'rhinitis allergic'. 'Prutitus vulvae' is a 

manifestation of the indication, vaginal candidiasis and most of unspecified 

'pruritus' is probably vulval pruritus. Vaginal candidiasis is a frequent 

complication wi th 'diabetes mellitus'. Vaginal candidiasis is also sometimes 

accompanied by other infections such as 'urinary tract infection' with 'frequency ', 

'infection vaginal bacterial', 'vaginitis trichomonas' and 'gardenerella infection'. 

'vaginal discharge' and 'vaginitis' are manifestations of vaginal candidiasis and 

other associated vaginal infections. 

Very few events are signalled because T2 > T1 rather than T1 > T2. 'Rhinitis 

allergic' with f luconazole is one of such few events. It is unlikely that this event 

is confounded by the indication. It is unclear whether this event has any 

relationship with fluconazole 

ADRs signalled 

Of the 9 ADRs under category A or B, 2 (22 %) are signalled. The other 7 

ADRs are rare except for 'rash ' where T1 is more than 1.0 per 1000 patients. 
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ft - Denominator total 15067 68492 
'! EVENT_ Criteria N1 & D1~T 1 N2&D2-6 T2 T1ff2 _ 95% Cl of T1ff2 

fJ ~1nator male 877 _ 41~9 
'f Denominator female 14009 _ f-----s3795 t sT1rr2 =or> 2 5 and $$,_T1f!2 =or> 3.0, • p < 0.001 (likelih~<!_ratio test) 

6 When T1 < 1_2, above cntena for T1fT2 not apphed and'-' g1ven instead of the value of T1/T2 

+ Events signal+d T--=- J _~
,0 A. Previously known ADRs signalled 

~ ATiiilelltary I F- 1 ~ ~Nausea ------- _ $ 18 1 2 32 0 5 

~ - . -
26 

14 8. Previously unknown ADRs signalled 
15 Alimentary I I J 
*D~ • - 44 291 92 1.31- 2.2 

1a D. 'Hard-to-detect' ADRs signalled 
~--____ 1 r - =:1-r _ 

~~~:~:: pescription 't:·:$~NF bu:5~~.:alle:9 o.
3 

~ Pruritus vl.liv~e • 46 3.1 112 1.6 

Z4 Respiratory 
1§_ Rhinitis aniQic _ • 1 0.1 65 0.9 -

..g Metabolic and Endocrine 
27 Diabetes mellitus• • 7 05 -
~ Urologic 
.g Frequency ~$_* --+---1~9'+--·1C.:. 3 
1Q. Urinary tract infection• . _ ---1----'-7-41 _4~. 7-+ 

31 Female Reproductive 

3 00-

21 0.3 
154 2.2 

36 
1.9 

4.1 
2.1 

32 Infection vagina l bacterial $ 
--~ 
__ 1_7~ 29 0.5 27 

.¥. V~ina.l discharge : 
~~ills 
35 Vaginl;ctis'-:t~ric"'h_o_m_o-na_s __ _ 

36 Miscellaneous Infection 

100 7.1 

42~.p 
_1.2 0.9 

4 Gardnerella Infection -~$·-- 22 (5 

245 3.8 f9 
89 1.4 2.1 
12 0~2 

29 0.4 3.5 

m1n max 

1 4 

--
1 

1.5 

0 

11 

1.8 
1.3 

2.2 
1.6 

1 5 
1.5 
1.5 

2.0 

4.6 

3.1 

7 1 
2.6 

7.7 
2.8 

49 
2:'3 
31 

6.0 

1!__ - ---

39 Events NOT signalled 
3E ---_ _ _ _] _L- =- -
~ A. Previously known ADRs NOT sigl}alled 
~~limentary l l ,J~ J 11::" abdo~ j-- _ _5_ 4_Qf 18J 2.,...7-'--~1-.5+ 
~ B. Previously unknown ADRs NOT signa..!!!!cJ 
~§ki!J 
.gs~ 
J! ErtJE!ion bu l,..-lo-us-:@~-----1 
'49 Rash ---

1 0.1 
--D 0 .0 

-f-·37 ~~ 
50 Stevens-Johnson ;;y;;drOrile 

Jl. Alimentary 
J1 Flatulence 

"---:_ a oa f-

·1- -1-·-1 

3 0 0-
0 0.0-

95 1.4 1.8 
oo <\: __ -

--
1 

11 

7 

1.2 

Table 32 Fluconazole: Events signalled and not signalled 
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,- A B C D R F G II I 

53 ~- lfriteria~1 & 0~1 _jN2&02-6 T2 jT1/T2 ] 95% Cl of T1/T2 

~ B. Previously unknown AD~Rs NO T._ sig!'lalle,!!_ continued 
55 Immunological 1 j 
56 ~~axis _ 1 0.1 0 0.0 - - -
~~g~!:!_f_otic oedema _ 2 ~ 1 0.0 - -

59 D. 'Hard-to-detect' ADRs NOT signalled 1 

so Alimentary H _ I - ~ -r c--
61 Liver function test abnormal oro:o 2 0.0 - -

Table 32 Fluconazole: Events signalled and not signalled 
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25 ltraconazole 

ADRs in the BNF 

Description in the BNF No 20 September 1990 

ITRACONAZOLE 

Side-effects: nausea , abdominal pain , dyspepsia , headache 

ADRs in the BNF No 20 

Nausea 

2 Abdominal pain 

3 Dyspepsia 

4 Headache 

Description in the BNF No 31 March 1996 

ITRACONAZOLE 

Side-effects: nausea , abdominal pain , dyspepsia , constipation, 

headache , dizziness , raised liver enzymes , menstrual 

disorders ; allergic reactions (including pruritus , rash , 

urticaria and angioedema) , hepatitis and cholestatic jaundice 

)especially if treatment exceed~ 1 month) , peripheral 

neuropathy (discontinue treatment) , and s-evens Johnson 

syndrome reported ; on prolonged use hypokalaemia , oedema and 

hair loss reported 

ADRs in described in the Event Dictionary low-level term(s) 

the BNF No 31 BNF 20? (Y/N) 
1 Nausea y Nausea 
3 Abdominal pain y Pain abdomen 
4 Dyspepsia y Dyspepsia 
5 Constipation N Constipation 
6 Headache y Headache 



-

7 
8 

Dizziness 

Menstrual disorders' 

g Allergic reactions 

10 Hepatitis 

11 Cholestatic jaundice 

12 Peripheral neuropathy 

13 Stevens-Johnson syndrome 

14 Oedema 

15 Hair loss 

-----
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N Dizziness 

N Irregular periods + Oligomenorrhoea 

+ Polymenorrhoea 

N Pruritus + Rash + Urticaria + 

Angioneurotic oedema 

N Hepatitis 

N Jaundice + Jaundice cholestatic 

N Neuropathy + Neuropathy peripheral 

+ Neuritis + Neuritis peripheral 

N Stevens-Johnson syndrome 

N Oedema + Swollen limb + Swollen 

ankle 

N Alopecia 

' Though the detail is not specified in the BNF, 'menstrual irregularities' is given 

in literature9s 

ADRs hard to detect without laboratory test and unexpected to be detected in 

the usual general practice 

N1 Raised liver enzymes 

N2 Hypokalaemia 

Events signalled 

Liver function test abnormal 

Hypokalaemia 

As shown in Table 33, 9 events (low-level terms) are signalled. Four events 

are signalled by the statistical test only. The remaining 5 events (56 %) are 

signalled by both of the methods. 

Of the 9 events signalled , 3 events (33 %) are known ADRs (One is under 

category A and two are under category B) but 5 events signalled are not shown 

in the BNF. 

Confounding by the indication or 'indication-related' event 

All of the 6 events signalled but not given as ADRs in the BNF may be 
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confounded by the indication. 'Pruritus vulvae' and 'vaginal discharge' are 

manifestations of vaginal candidiasis. Vaginal candidiasis is sometimes 

accompanied by 'infection vaginal bacterial', 'gardnerella infection' and 'herpes 

simplex genital ' Around 7 % of the indications were tinea while the early 

manifestation of 'psoriasis ' can be misdiagnosed as tinea corporis. 

ADRs signalled 

Of the 15 ADRs under category A or B, 3 (20 %) are signalled. The other 12 

ADRs are rare and T1 is less than 1.0 per 1000 patients per month. 
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,--- A B C D K F G ll l 

1 E~ Cntena{ _ 1 & DiT:!_~2-6f2 I T1fT2 95% Cl of T1 fT2 "t Denomrnator total ~37 681 19 min max 
f-J -- Denominator male ~80 - 7397 

4 Denominator female 12096 60415 

5 $ T1fT2 -or > 2 5 and $$ T1fT2 - or > 3 0, • p < 0.001 [llkclihood ratiO test) 

j~:;;;~;~• ~~~-Tl"~~~onm 
10 A. Previously known ADRs signalled 

ii ~~=:ntary__ }v I 9-1 .~ ~~ o.5 31 

14 8. Previously unknown ADRs signalled 
"15 ~ F--r- ---r-
ttt~ ~=L ~___2? 106 1.6 
11 Central and Per!£.heral Nervous System 
~Dizziness x · l 1f 1.4 32 0 5 

2.0 

3.0 

20 D. 'Hard-to-detect' ADRs signalled 
:IT r-J 1 I 
22 E. No description in BNF but signalled - -- ---- -
¥. Skin __ - = -
24 Pruritus vulvae $$* 53~ 
~Psoriasis . ---- 10 07 

88 1.3 - 3.0 
8 01 -

1 8 

2 

1.4 

1 7 

0 

6 

2.1 

25 Female Reproductive 
27 Infection vaginal bacterial $$* 

_1! ~gina! discharge • 
32 2.6 31 0 5 
89 - 7 4 -2,=07 3 4 

t--=t-----'-''+- -=-'-1 

5.2 31 
2.1 - ll_ 

29 Miscellaneous Infection 
30 Gardnerella infection ~ _ 31 2.3 

~--- -

r.31H:Hc;'e"'fp"'•es"'s-"'imc.::lp'-'IJ•e"'x"'g"'e-"'ni,;-ta71 -------'1-i'_:___-"-- 9 0.7 
~_QA _ 5.5 3.3 

_____2 ___QJ_ -:______ -
3Z 

33 Events NOT signalled 
31 

35 A. Previously known ADRs NOT signalled 
35 Central and Peripheral Nervous System __ ~ 
37 Headache 22 1.6 112 1 6 --:r:D ---
38 Alimentary 
4l>~eepsia@ --8 0:6 ~1 _g.5 -
40 Pain abdomen 53 3.9 _ 188 2 8 1.4 

~ ~ -
.! B. Pre~y unknown ADRs fiQT signalled 

.Q_~ --r-4AI£Pecia 0 0 0 2 0 0 
45 Pruritus@ - 12 fg ~ ~-r .g. Stevens-Johnson s~drome _ - - 0 ()_ 0 1 0 Q - _ _ 

.i'!._ Urtic~ 7 0.5 22 0.3 -

~ Central and Peripher~l Nervous Sys!!lm =-= 
~ Neuntrs f>erreheral ~ 0 0 
~ NeU;;t,s; - - - 0 0 0 

~ Neuropathy peripheral - 0 0 0 
52 Neuropathy@ 1- - 0 - 0 0 

o l-- o:o _ 
0 0.0-
0 0.0 -
0 00 -

-

3 

o:G 

1.0 

19 

-
-

--

Table 33 ltraconazole: Events signalled and not signalled 
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,- A B C D E F G II I 

53 ~E_rcJI.__ ~ena J N1 & D1 JT1 _ ~2&D2-6lT2 __tr1m J95% Cl of T1m 

~ B. Previously unknown ADRs NOT signalled continued 
5s Cardiova~ _ _ ,-- ' ~ 
56 Oedema@ 1-- 3 0.2 - 12 lo.2-
f1 ~niJes _ 1 _Q_1 f- 2 0.5 -
58 swollen limb -· 0~ 2 0 5-
59 Alimentary _ _ 
60 Constipation +----l-----"84

1 
_ _...,0.6 --47 CU-

61 Heoatitis' -f- Q~ ___ o ~i-=-
62 Jaundice __ 0 0.()_1-- 0 0,2 
53 Jaundice cholestatic 0 0.0 0 0,9 
64 Female Reproductive 

'65 frr.QU~ds 6 6.5 - 341-o s - -- -
_ o1<r;;.o

1 
__ ~3 0:0- -

--
66 Oligomenorrhoea 

"f7 Polymenorrhoea 1- 0 0.0 2 01-_ 

68 lmmunolog"-'i.:._cC'-a'-1 __ 
~ ~ngloneurotic oedema 1- 1 0.1 _ 3f-0 0 -

70 -- -'-- :-~ '--
11 D. 'Hard-to-detect' ADRs NOT signalled 

73 Liver function test abnormal _1 _ _()_ OJl 0 0.0 -

-
n Alimentary _I .1- ~ 
74 Metabolic and Endocrine 1--- "" _ 
75 Hypokalaemia 0 0.0 1 0.0 --

-

2 

Table 33 ltraconazole: Events signalled and not signalled 
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26 Comparison between monthly and weekly analyses 

Tables 34-36 show the results of the monthly and weekly analyses for the last 

three drugs (ciprofloxacin, fluconazole and itraconazole) . The number of 

events in the first period with the monthly analysis (i. e., the first month) is always 

bigger than that with the weekly analysis (i. e., the first week) because the former 

includes the latter. Similarly, the number of events coded either in the first or 

second period (i .e., the first six months) with the monthly analysis is always 

bigger than that in the first six weeks with the weekly analysis. Because of this 

difference in the number of events, the events signalled by the weekly analysis 

are in general those with a fairly high incidence. Two known ADRs with 

ciprofloxacin, 'diarrhoea' and 'pain abdomen', signalled by the monthly analysis 

are not signalled by the weekly analysis (Table 34). Similarly, one known ADR 

with fluconazole, 'diarrhoea' (Table 35) and two known ADRs with itraconazole, 

'rash' and 'dizziness' (Table 36) signalled by the monthly analysis are not 

signalled by the weekly analysis. However, there is no opposite case (i.e., 

known ADR signalled by the weekly analysis only) . 

With most events signalled by the monthly or weekly analysis, the rate in the first 

period is bigger than that in the second period. However, 'vaginal candidiasis' 

with ciprofloxacin, which is probably an ADR to ciprofloxacin due to the change 

in the normal vaginal flora, is not the case. With 'vaginal candidiasis' for 

ciprofloxacin, T1 = 7.6 and T2 = 1.3 while W1 = 1.4 and W2 = 1.5. As shown in 

Figure 14, the weekly rate of 'vaginal candidiasis' has the largest value in week 

2 which is more than twice bigger than the first weekly rate. Therefore, to 

signal 'vaginal candidiasis' , the comparison between the first weekly rate and 

the weekly rate during the succeeding weeks may be not appropriate. Some 

ADR may appear several days or even several weeks after the first prescri ption 

of the drug. In some other analysis such as the 'on' vs 'off' comparison, this 

point may be important. In such an analysis, some days after stopping the drug 

may be included in the 'on' period. 

Because of the above two reasons, it is concluded that there is no definite 

reasons which require the weekly analysis specifically applied to antimicrobial 

drugs. 
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27 Summary of the results 

Table 37 shows summary of the results obtained from the within-drug 

comparison of the monthly rates (i.e., T1 vs T2). 1,076 low-level terms in 19 

body systems are examined for 24 drugs. Therefore, a total of about 26,000 

low-level terms are examined. 

Events known as ADRs and signalled 

With 24 drugs analysed by the rate ratio method and the statistical test 

(likel ihood ratio test) , a total of 389 events (1 .5 % of al l of the low-level terms 

examined) are signalled (line 7 of Table 37). 84 (22 %) are signalled by the 

statistical test only and 50 (13 %) by the rate ratio method only. The remaining 

255 (66 %) are signalled by both of the methods. In other words, one third 

(134) of 389 events are signalled by one method only. 

193 events (50 %) of these 389 events signalled are described in the recent 

BNF (No 31, March 1996) as ADRs (line 12). These 193 terms correspond to 

166 (33 %) of 504 ADRs described in the BNF (note 193 events signalled are 

low-level terms in the event dictionary known as ADRs while 166 ADRs are 

given in the BNF and signalled in the PEM study; see 'Events signalled in PEM 

and ADRs described in the BNF and other literature' in the 'Method' of this 

thesis) . Of the 193 events which are known ADRs, 21 (11 %) are signalled by 

the statistical test only and 12 (6 %) by the rate ratio method only. The 

remaining 160 (83 %) events known as ADRs are signalled by both of the 

methods. Therefore, one sixth of the 193 events known as ADRs are signal led 

by one method only. This finding may support the use of two methods but not 

one method only. 

193 events which are known ADRs and signalled may be also divided into 146 

under Category A (previously known ADRs) , 46 under Category B (previously 

unknown ADRs) , 1 under Category C (Questionable ADRs) and 0 under 

Category D ('Hard-to-detect ADRs). 46 ADRs (24 %of known ADRs signalled 

and 12 % of all events signalled) with 14 drugs are judged to be under Category 

B, i.e., they were not described as ADRs in the BNF available when the PEM 
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study had been almost finished but are given as ADRs in the BNF No 31 , March 

1996 which is currently available. This proves that PEM has the ability to 

signal ADRs which are not widely recognised as ADRs during the study. 

A total of 504 ADRs (Category A-D) to one of 24 PEM drugs are described in the 

current BNF (line 2 and 46 of Table 37). A total of 930 low-level terms are 

judged to correspond to those 504 ADRs described in the BNF. Of 930 low

level terms known as ADRs including 193 signalled (line 12) and 737 not 

signalled (line 52), 68 questionable ADRs (1 signal led plus 67 not signalled) 

under Category C may be in fact not ADRs and 27 ADRs under Category D are, 

by definition, unlikely to be detected in general practice. When excluding 95 

ADRs under Category C or D, a tota l of 835 events are judged to be known 

ADRs under Category A or B. Figure 6 shows the distribution of T1 with 835 

ADRs under Category A and B where the events signalled and those not 

signalled are given separately. Figure 7 is the same as Figure 6 but given 

using a different scale for Y-axis (Number of ADRs). When T1 is 4.0 per 1000 

patients per month or more, all of the known ADRs are signalled. The 

likelihood ratio test signalls all of them. However, five known ADRs with T1 

more than 4.0 per 1000 patients are missed by the 'ra te ratio method'. They 

are 'cough' with lisinopril (T1 = 13.6/1000 patients/month, Table 18), 'pain 

abdomen' with omeprazole (T1 = 6.9, Table 24), 'lassitude' with doxazosin (T1 = 
6.0, Table 16), 'pain abdomen with ciprofloxacin (T1 = 5.1, Table 31) and 'pain 

abdomen' with fluvoxamine (T1 = 5.0, Table 9). 

In most literature, the rate of an ADR is given as the fraction of all patients (e.g., 

just in '%') but not the fraction per unit time. Such information is often derived 

from several studies conducted under a variety of study designs observed for 

various periods. Figure 8 shows % of patients with specific events under 

Category A and B within the first 6 months. The rate(%) shown in Figure 8 may 

be roughly equivalent to the fraction of patients with a specific ADR often shown 

in literature. Figure 9 is the same as Figure 8 but given using a different scale 

for Y-axis (Number of ADRs) . When the rate in the first 6 months is 1.8 % or 

more, al l of the known ADRs are signalled. The likelihood ratio test signal Is all 

of them. However, three known ADRs with the rate more than 1.8 % are 

missed by the 'rate ratio method'. They are 'cough' with lisinopril (5.0 %, Table 

18), 'pain abdomen' with omeprazole (2.6 %, Table 24), and 'lassitude' with 



600 
~ 

• 
N

o
t sig

n
a

lle
d

 (N
 =

 643, m
e

a
n

 =
 0.3) 

500 
~ 

D
 S

ig
n

a
lle

d
 (N

 =
 192, m

ean =
 5.8) 

1/) 
a:: 

400 
-

0 <
( 

"" 

-
3oo r 

~ 2J 
5 

I 
z 

100 
~ 

0 
._

,__,,.,.-J
,•I .. n........, 

-=
' 

D
 

D
o 

o
. 

o
, 

D
• 

=
' 

L
t) 

0 
L

t) 
0 

L
t) 

0 
L

t) 
0 

L
t) 

0 
0 

0 
0 

0 
0 

L
t) 

0 
0 

0 
0 

0 
0 

0 
..... 

..... 
<"i 

<"i 
C"i 

C"i 
~
 
~
 

.0 
cD 

...: 
a:i 

ai 
c:i 

..... 
N

 
M

 
'<

t 
L

t) 
tO

 
...... 

0 
.;, 

0 
0 

0 
' 

0 
0 

~
 

' 
.;, 

0 
.;, 

' 
' 

0 
' 

0 
0 

0 
' 

..... 
0 

0 
0 

L
t) 

L
t) 

C
! 

0 
c:i 

..... 
N

 
M

 
'<

t 
L

t) 
tO

 
0 

0 
..... 

..... 
<"i 

<"i 
C"i 

C"i 
~
 
~
 

.0 
cD 

...: 
co 

ai 
..... 

R
ate in th

e first m
o

n
th

 (N
/1 000 p

ts/m
o

n
th

) 

F
ig

u
re

 6 
T

h
e

 firs
t m

o
n

th
ly

 ra
te

 w
ith

 8
3

5
 e

v
e

n
ts

 k
n

o
w

n
 a

s
 A

D
R

s
 (C

a
te

g
o

rie
s
 A

 a
n

d
 B

) 



50 
-

45 
• 

N
o

t sig
n

a
lle

d
 (N

 =
 643

, m
e

a
n

 =
 0.3) 

40 
-

fi. 
35 

Q
 

-
0 S

ig
n

a
lle

d
 (N

 =
 192, m

ean =
 5.8) 

I I 

<
( 

30 
-

- 0 
25 

... 
-

Cl> 
.0

 
20 

-
E

 
m

 
::::::1 

15 
C\i 

z 
-

10 
-

5 0 

-

I 
n n 

0, 
h 

I 
I 

D
1 

D
1 

ll)
 

0 
ll)

 
0 

ll)
 

0 
ll)

 
0 

ll) 
0 

0 
0 

0 
0 

0 
ll) 

0 
0 

0 
0 

0 
0 

C? 
..... 

..... 
c-.i 

~
 

M
 

~
 

o:t 
o:t 

ll'i 
C

D
 

,...: 
co 

0'1 
c:i 

..... 
N

 
M

 
q

-
ll)

 
C

D
 

,.... 
' 

,;, 
0 

0 
0 

0 
0 

~
 

' 
~
 

,;, 
,;, 

0 
,;, 

~
 
~
 
~
 

0 
..... 

0 
C

! 
C

! 
0 

C
! 

~
 

c:i 
..... 

N
 

M
 

q
-

ll)
 

C
D

 
0 

0 
..... 

..... 
N

 
c-.i 

M
 

n 
o:t 

o:t 
ll)

 
C

D
 

,.... 
cO 

0'1 
..... 

R
ate in

 th
e

 firs
t m

o
n

th
 (N

/1 000 p
ts/m

o
n

th
) 

F
ig

u
re

 7 
T

h
e

 firs
t m

o
n

th
ly

 ra
te

 w
ith

 8
3

5
 e

v
e

n
ts

 k
n

o
w

n
 a

s
 A

D
R

s
 (C

a
te

g
o

rie
s
 A

 a
n

d
 B

) 



450 
~ 

400 1 
• 

N
o

t sig
n

a
lle

d
 (N

 =
 643, m

e
a

n
 =

 0.13 %
) 

tiJ 
350 

~ 
D

S
ig

n
a

lle
d

 (N
 =

 192
, m

e
a

n
=

 1.1 %
) 

a= 
300 f 

c <
( 

-
250 

~ 
0 '-Q

) 
200 l 

.0
 

E
 

150 
0 

::I 
"' "' 

z 
100 

50 0 
,._

,.._
,_...,,....,-

•
• 

_
.
-
,
 

.
,

,
_

_
,
 

_
..., 

M
I

!
M

I
 

M
l 

M
l 

.
, 

_
.

, 
.
.
,
I
I

• 
I 

I
t 

,......, 
I 

l,t) 
....... 

l,t) 
N

 
l,t) 

M
 

l,t) 
..,. 

l,t) 
l,t) 

U
) 

....... 
a
)
 

en 
0 

l,t) 
0 

0 
0 

0 
~
 

0 
~
 

~
 

0 
..... 

0 
N

 
0 

"1 
0 

..,. 
0 

0 
0 

0 
0 

~
 
~
 

c-.i 
l""i 

...; 
It) 

U
) 

,...: 
a
)
 

0 
,;, 

0 
,;, 

0 
,;, 

0 
,;, 

0 
I 

,;, 
cD 

,..:. 
~
 

I 

0 
,;, 

0 
I 

0 
0 

0 
0 

I 
I 

~
 

I 

~
 

l,t) 
en 

~
 

~
 
~
 

..... 
..... 

N
 

M
 

"1 
..,. 

0 
0 

0 
0 

0 
..... 

~
 

c-.i 
M

 
...; 

l,t) 
<D 

....... 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 

R
ate in th

e first 6 m
o

n
th

s
(%

 o
f p

atien
ts) 

F
ig

u
re

 8 T
h

e
 ra

te
 in

 th
e

 firs
t 6 m

o
n

th
s
 w

ith
 8

3
5

 e
v
e

n
ts

 k
n

o
w

n
 a

s
 A

D
R

s
 (C

a
te

g
o

rie
s
 A

 a
n

d
 B

) 



;:;; 
N

 

!/) 

50 
-

45 
-

40 
,.. 

0::: 
35 

_, 
0 c:s: 

30 
,.., 

..... 0 .... Q
) 

..0 
E

 
:I 
z 

25 
H

 

20 
H

 

15 
r 

10 
-

5 r' 
0 

l--,1-llll
l,l 

It)
 

...... 
It)

 
N

 
It)

 
0 

c:i 
...... 

c:i 
N

 
c:i 

.0 
0 

.0 
0 

~
 

I 

N
 

0 
...... 

...... 
0 

0 
c:i 

c:i 
c:i 

• 
N

o
t sig

n
a

lle
d

 (N
 =

 643
, m

ean =
 0.13 %

) 

D
 S

ig
n

a
lle

d
 (N

 =
 192

, m
ean =

 1.1 %
) 

l
ll

llll
ll

llll
l,l

lll,ll,l
l.ll. II D

 0, 
~
0
.
.
.
.
 

M
 

It)
 

""' 
It)

 
It)

 
CD

 
..... 

~
 

en 
0 

It)
 

0 
~
 

0 
~
 

0 
~
 
~
 

c:i 
M

 
c:i 

~
 

c:i 
c:i 

c:i 
0 

c:i 
...... 

...... 
N

 
M

 
~
 

It)
 

CJ? 
..... 

co 
.0 

c:i 
I 

0 
I 

I 
J, 

...:. 
I 

I 

0 
.0 

0 
0 

0 
~
 
~
 

I 
It)

 
.¢ 

It)
 

It)
 

co 
en 

0 
N

 
M

 
M

 
~
 

c:i 
c:i 

c:i 
c:i 

c:i 
....: 

....: 
N

 
M

 
~
 

ari 
CD

 
..... 

c:i 
c:i 

0 
c:i 

0 

R
ate in

 th
e

 firs
t 6 m

o
n

th
s
(%

 o
f p

a
tie

n
ts) 

F
ig

u
re

 9 T
h

e
 ra

te
 in

 th
e

 firs
t 6 m

o
n

th
s
 w

ith
 8

3
5

 e
v
e

n
ts

 k
n

o
w

n
 a

s
 A

D
R

s
 (C

a
te

g
o

rie
s
 A

 a
n

d
 B

) 



doxazosin (1 .9%, Table 16). Those findings suggest that the use of the 

'likelihood ratio test' in addition to the 'rate ratio method' is mandatory not to 

miss the major ADRs. 

Events not described as ADRs in the current BNF but signalled 

196 events signalled are not shown in the BNF No 31 , March 1996 (line 33 of 

Table 37). They may be classified into 57 which are probably ADRs (e.g., 

those described in some literature other than the BNF}, 3 ADRs detected in PEM 

but not yet widely recognised as ADRs, 72 events likely to be confounded by the 

indication, 11 'unspecified side effects ' and other 53 events. More on the 

features associated with those five groups are discussed below. 

At least 57 of those 196 events may be regarded as ADRs because they are 

described as ADRs in other literature or they are closely associated with known 

ADRs (e.g ., 'distension abdominal ' may be associated with 'abdominal pain' or 

'diarrhoea'). When they are added to 193 ADRs (50% of 389 events signalled) 

shown in the BNF, 250 (64 %) of 389 events signalled may be regarded to be 

known ADRs described in some literature (BNF or other literature). 

Three events ('dreams abnormal' with nabumetone86
, 'mastalgia' in female 

patients with famotidine63 and 'vaginal candidiasis' with ciprofloxacin51
) are 

probably ADRs detected for the first time in the PEM study which have been not 

yet widely accepted and therefore not shown as ADRs in the literature other than 

that published from the DSRU 51
·
63

·
86

. 

At least 72 (19 %) of 389 events signalled are likely to be confounded by the 

indication although it is not easy to judge whether or not an event is confounded 

by the indication. 29 (40 %) of 72 such events are signalled in the PEM studies 

of four antimicrobials as shown in Table 37 (ACV: acyclovir; CFX: ciprofloxacin; 

FCZ: fluconazole; ICZ: itraconazole). These four antimicrobials are prescribed 

to patients with acute infections and events associated with acute infections may 

occur preferentially in the early period. On the contrary, when chronic disease 

is the indication as with cardiovascular drugs, the occurrence of events 

associated with the indication may not necessarily confined to the early period. 
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Events coded as 'unspecified side effects' are signalled with 11 drugs. The 

term is used where the event is described just as 'side effect' or 'adverse 

reactions' on the green form. 

It is difficult to know whether the remaining 53 events signalled (13 %of a total 

of 389 events signalled) are ADRs, events confounded by the indication or those 

signalled by other mechanisms. In the extreme case where all of these 53 

events are not ADRs, they may be added to 72 events likely confounded by the 

indication to measure the magnitude of false positive results in PEM. In such a 

case, 125 (32 %) of 389 events signalled may be judged to be events which are 

not ADRs (false positive). In other words, 19 to 32 % (one in five to one in 

three) of all events signalled may be in fact not ADRs. 

The mechanism of false positive results 

As given above, of 196 events not shown in the BNF but signalled, 57 are known 

ADRs described in some literature other than BNF and 3 ADRs detected in the 

PEM for the first time (line 38-40). On the other hand, at least 72 events are 

likely to be confounded by the indication. The remaining 53 events may be 

also confounded by the indication but may be signalled by other mechanisms 

such as so called 'placebo' effect and the decrease in reporting rate as time 

elapses or signalled just by chance. It is impossible to discriminate events 

confounded by the indication or those mistakenly signalled by other 

mechanisms from the true ADRs just by examining the values of rates or rate 

ratio. In the current PEM studies, very few data are available to distinguish 

ADRs from 'pseudo-signals' and in the PEM reports so far published, a note that 

some events are likely to be confounded by the indication is usually given from 

the consideration on the possible relationship between the event and indication 

and such note is rarely supported by the results obtained by examining the PEM 

data themselves. 
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The mechanism of false negative results 

Of a total of 504 ADRs (Category A-D) to one of 24 PEM drugs described in the 

current BNF, 338 (67 %) are not signalled . Similarly, 737 (79 %) of a total of 

930 low-level terms corresponding to those 504 ADRs described in the BNF are 

not signalled (i.e., false negative) . 

In the BNF, the causality is said to be questionable for 68 ADRs under Category 

C and the reason why some of them are not signalled may be that they are in 

fact not ADRs. 27 ADRs are classified under Category D ('Hard-to-detect ' 

ADRs) and the reason why they are not signalled is, first of all , that the 

laboratory test required to detect them is not often conducted in general 

practice. 

As shown in Figures 6-9, 193 (23 % ) of 835 ADRs under Category A or B are 

signalled but 643 (77 %) including 239 under Category A (line 55) and 404 

under Category B (l ine 57) are not signalled . The major reason why 643 events 

known as ADRs are not signalled is obviously that they are rare. In other words, 

the cohort size of 10,000 is not enough to detect many of them. As shown in 

Figure 6, T1 of more than 500 ADRs not signalled is less than 0.5 per 1 DOD 

patients per month. It is clear that with the increase in T1 , the chance that they 

are not signalled decreases. When T1 is 2.0 per 1000 patients per month or 

more, at least more than half of known ADRs are signalled. 

Similarly, as shown in Figure 8, approximately 400 known ADRs not signalled 

have the rate in the first six months which is less than 0.05 % of patients. As 

illuminated in Figure 9, when the rate is around 0.1 %, most of them are not 

signalled. The area around 0.5 % is a 'gray zone' where the chance to be 

signalled is even with that not signalled. 

In addition to the mechanism of the rarity of ADRs (or small cohort size), there 

may be some other minor mechanisms leading to false negative results. 

Those minor mechanisms may be of particular importance with events which are 

known ADRs with relatively high rates but not signalled. For example, some of 

known ADRs are not signalled even if T1 is between 1 and 4 per 1 DOD patients 

per month or the rate in the first 6 months is between 0.5 and 1.8 % (note that 



when T1 ~ 4/1000 patients/month or the rate in the first 6 months ~ 1.8 %, all 

of the known ADRs are signalled as in Figures 6-9). 

One of such mechanisms may be that the event is in general non-specific and 

commonplace. For example, as shown in Figure 10, T2 of 'rash ' is around 1.0 

per 1000 patients per month with 41 drugs under a variety of classes. With 9 

antimicrobials located on the right hand side (ACV: acyclovir; --; ICZ: 

itraconazole) on Figure 10 which are normally prescribed to the patients just for 

several days, most of the events in the second period take place weeks or even 

months after patients stop the drug and therefore almost certain ly unrelated to 

the drug. The rate of T2 in these 9 drugs may be regarded as the non-specific 

'background' rate
6° Figure 10 indicates that other drugs have T2 similar to this 

'background' rate. Therefore, T2 of most drugs in the figure may be interpreted 

as a 'background' rate due to nonspecific mechanisms (e.g., viral eruption, rash 

induced by other drugs, that by chemicals in environment, etc.). In such a case, 

when the difference between T1 and T2 is small , the contribution of specific 

ADRs to the overall rate of the event should be, if any, small. The same 

mechanism may apply to 'back pain ' and 'joint pain ' as shown in Figure 11 and 

Figure 12 where T2 is quite similar between 41 drugs. With these two events, 

T1 is also similar to T2 with most drugs. 

The other possible mechanism is that most events coded may be in fact specific 

ADRs but T1 is not much larger than T2. As shown in Figure 13, T2 of cough 

with enalapril (ELP) is the highest among a variety of drugs when two other 

ACE-inhibitors , lisinopril (LPT) and ramipril (RMP) monitored later are excluded. 

However, the difference between T1 and T2 is small and therefore not signalled. 

As discussed in detail elsewhere77
, the first occurrence of cough due to ACE

inhibitors is often observed several months after a patient begins to take the 

drug. With lisinopril, the ratio of T1 to T2 is 1.5 but signalled (by the statistical 

test only) because the number of cough reported and coded is bigger than that 

with enalapril. Though difficult to reach a clear conclusion , hypotension with 

doxazosin (Figure 14), oedema with diltiazem (Figure 15), muscle cramp with 

enalapril and lisinopril (Figure 16) may be not signalled by the same 

mechanism. 

The third possible mechanism leading to false negative results is that most 
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events coded are in fact chronic manifestation of the indication which may not 

necessarily occur early after the first prescription of the drug. For example, as 

shown in Figure 17, in most patients who had 'bronchospasm' after taking 

nedocromil (NCM), 'bronchospasm' might be associated with the indication itself 

(asthma) rather than an ADR. 

However, with many cases, the mechanisms for false negative results are likely 

to be complicated. For instance, 'abdominal pain' is a known ADR with 20 of 24 

drugs examined. 'Abdominal pain ' is signalled with 8 drugs but not with 12 

drugs (Figure 18). With fluconazole and itraconazole, T2 probably represents 

the rate not associated with ADRs because most patients used those anti

fungals according to the 'single-dose' regimen or at most for a few days only. 

The major indication of these two anti-fungals, vaginal candidiasis, is closely 

associated with pelvic inflammatory disease or other infections which are often 

associated with abdominal pain. Therefore , the mechanism underlying the 

false negative results for 'abdominal pain ' with fluconazole and itraconazole may 

be similar to that fo r 'bronchospasm' with nedocromil as above (chronic 

manifestation of the indication-related event) However, the mechanism 

leading to false negative results for 'abdomina l pain ' is not clear with other 10 
drugs. 
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Discussion 

What is clarified in this thesis 

When the system for PMS is viewed as that raising warning signals for the 

previously undetected problems associated with the drug safety, it must have 

rapid and efficient mechanisms for hypothesis-generating, strengthening and 

testing. As described in the introduction section and Appendices 2 and 3, PEM 

has hypothesis-strengthening and testing functions and many of actual 

publications from the DSRU have been relevant to those functions. 

Nevertheless, in this thesis, a hypothesis-generating function of PEM is 

examined because some ADRs which are not rare and not trivial can be missed 

by individual doctors for long and it is very important to examine whether or not 

PEM works in such a case. 

As shown in the results section, many known ADRs are missed by the 

comparison between T1 and T2 when the event rate is low. However, it is of 

note that any single known ADR to any of 24 various drugs examined in this 

thesis is not missed by this method, provided that the first monthly rate is more 

than 0.4 % per month (Figures 6 and 7) or provided that the rate in the first 6 

months is more than 1.8 % (Figures 8 and 9). To obtain this result , the 

simultaneous use of the likelihood ratio test together with the 'rate ratio' method 

may be important as some frequent known ADRs such as lassitude with 

doxazosin (Table 16), cough with lisinopril (Table 18) and abdominal pain with 

omeprazole (Table 24) may be missed if only the 'rate ratio ' method is used. 

The lowest incidence above which no known ADRs are missed (i.e., the rates of 

0.4 and 1.8 % in the first month and first 6 months, respectively) could be 

reduced if the size of the study population is increased because the criterion 

depends on the combination of N 1 and N2 but does not depend on the size of Y1 

or Y2 (patient-days) as shown in Tables 6-8. It is also very promising that 46 

(12 %) of 389 events picked up by the comparison between T1 and T2 are 

classified under Category B (previously unknown ADRs) which may indicate that 

PEM is able to detect ADRs not widely recognised as ADRs by individual 

doctors. The fact that the comparison between T1 and T2 does not miss any 

frequent known ADRs to as many as 24 drugs including those previously 



unrecognised has been firmly documented in this thesis for the first time. 

Several points to be improved in PEM in the future 

The comparison between T1 and T2 cannot be regarded as a method which has 

been widely recognised to be valid or authorised. It may be difficult to test this 

method by applying it to other databases because the method may be rather 

unique to PEM. In PEM, particular attention is paid to obtain the correct date of 

the first prescription which is critical in the comparison between T1 and T2 as 

described in Appendix 6. As shown in this thesis, the comparison between T1 

and T2 is one of the useful methods for screening PEM data which can be used 

as the first step in the hypothesis-generating processes. However, before 

publishing the hypothesis, the events selected by this comparison may be 

further examined by other methods. Many events which are not ADRs may be 

'signalled' if the comparison between T1 and T2 is mechanically applied to the 

data. There is a need to differentiate a true 'signal ' from the event confounded 

by the indication. In addition, some methods other than the comparison 

between T1 and T2 may be needed to generate more reliable 'signals'. The 

following points may be important to improve PEM. 

(1) Information on concomitant diseases 

In order to increase the ability to differentiate the event confounded by the 

indication from the 'true' signal , green forms may be improved so that they ask 

concurrent diseases or concurrent abnormal findings in a systematic way in 

addition to the indication of the drug studied by PEM. This question may be 

added as one of the formal questions on the green form so that doctors 

recognise that they are expected to answer to the question. Some of 

concurrent diseases may be in fact complication of the indication (e.g. , 

impaired renal function when the indication is hypertension). 

(2) Information on the severity of the indication 

Similarly, some simple but good questions associated with the severity of the 

indication may be added to the current green form. In order to get consistent 

information, the same green form has been used in all PEM studies so far. 

However, a few special additional questions were sometimes added in the 



-238-

individual PEM studies. For instance, a question "the use of steroid (yes/no) 

and, if 'yes', (oral/inhaled)" was added to the green form used in the PEM study 

of salmeterol96
'
97

. Similar to those special additional questions, the best 

question on the severity of the indication may differ between individual 

indications. For instance, the date of the first diagnosis may be of help with 

hypertension but may not be of great help with acute infections to know the 

severity of the indication. The design must be careful so that the same kind of 

information is obtained for the same indication throughout various PEM studies 

conducted over years. The information on the concomitant diseases and 

severity of the indication may be obtained from all of the patients. However, 

even if the information is available only from the restricted number of patients 

who have experienced a particular event, a method to show the effect of 

possible confounding variables exists96
. 

(3) Dose-effect relationship 

Though the magnitude of drug effect is not always dependent on the drug dose 

as with many of so called 'type B' ADRs99
, if the positive (or sometimes negative) 

correlat ion between the event rate (incidence) and dose could be shown, this 

might become a strong evidence to support a causal relationship between the 

drug and event16 though the dose-effect relationship could be also confounded 

by the indication (e.g., larger dose is used with critically ill patients or those who 

have not responded to smaller dose). Currently , the information on the drug 

dose is not used in PEM even if it is shown on the prescription . Although the 

dose may be changed (e.g., the initial small dose may be gradually increased, or 

the dose initially used may be decreased when the patient recovers), some 

guess may be made from the prescriptions which are currently used to identify 

the patient, drug and doctor at least for a certain fraction of the patients. For 

example, in a PEM study of the drug used for a chronic condition, on average, 

two or more prescriptions are available for one patient as shown in Table 3. It 

is also possible to make a simple question on the typical daily dose on the green 

form. 

(4) 'On' vs 'off' comparison 

As shown in the PEM study of diltiazem, the 'off' rate may be not so smaller than 

the 'on ' rate when the event is confounded by the indication71 even if it is 

'signalled' by the comparison between T1 and T2. With some of other drugs 
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used for chronic conditions, the comparison of 'on' vs 'off' rates may provide 

some evidence which helps distinguish an ADR from the event confounded by 
the indication. 

(5) Disappearance of an event after stopping the drug 

As shown in the study of cough with ACE-inhibitors77
, when doctors recognise a 

clear temporal relationship that the event disappeared after stopping the drug 

and describe this observation on the green form, this information should be 
coded in a systematic way 

(6) Modification of the comparison between T1 and T2 for late-onset ADRs 

There is a need to develop a new way to pick up possible late-onset ADRs 

where the event may be coded preferentially in the later months. It is of note 

that in the 'results' section, a few events are 'signalled' by the statistical test 

because the rate in the first period is significantly smaller than that in the second 

period. It is possible that the best first and second periods to pick up possible 

late-onset ADRs (e.g., month 1-3 vs month 4-12) differ from those to pick up 

possible early acute ADRs currently employed (i.e., month 1 vs. month 2-6) . 

(7) Testing hypotheses raised in PEM by other database 

Questions raised by PEM may be tested by using other data sources such as 

GPRD
4

'
5 

Such a test may be of va lue particularly when conducted by 

researchers in the DSRU in collaboration with those involved in other database. 

With multipurpose database, it is usually possible to get concurrent control and 

the hypotheses raised by PEM may be further scrutinised. 

(8) Concurrent control in PEM 

As described in Appendix 2, when the original idea of PEM was publ ished in 

1981
100

'
101

, it was planned to use the concurrent control. Difficulties 

encountered in the early PEM studies of several NSAIDs including ' lndocid' 

seem to have made the DSRU give up the use of the concurrent control8. 

However, as pointed out in Appendix 3, in the PEM study on NSAIDs, the way to 

identify the patients with ' lndocid' was different from that planned in the original 

paper published in BMi 0
' . In the original idea, it was intended to identify only 

'new' users of the 'old' drug while in the PEM study on 'lndocid', users of the 'old' 

drug ('lndocid') were identified irrespective of whether they were 'new' or 'old'8. 



It may be worth reconsidering the original idea of the concurrent control at least 

in some selected studies. Particularly when the drug is the first member of the 

new class of drugs, the concurrent users of a drug of the old class with the same 

indication will be of help. For instance, the value of PEM studies of SSRis 

might have been much augmented if the results of the concurrent study on a 

tricyclic antidepressant had been available. Even if the concurrent control is 

available, the comparison between two groups may be still not easy in the 

observational study, but, some of the problems may be avoided by careful 
design and analysis98

"
102

. 

Possibility of the introduction of PEM into Japan 

What is focused in this thesis is the hypothesis-generating function of PEM even 

if what PEM has actually contributed to the field of the drug safety has been 

mainly associated with its hypothesis-strengthening and testing functions. The 

hypothesis-generating function of PEM may become more and more important in 

the UK as other multipurpose databases are developing which are particularly 

good in hypothesis-strengthening and testing. On the other hand, in Japan, it 

is not easy to encourage the development of a large database. In the last 

decade some of the university hospitals and other large hospitals have 

developed a system for computer-recorded medical information. However, the 

driving force is weak to unify the information across several hospitals to lead a 

single large database. Therefore, if a system similar to PEM becomes 

available in Japan, its hypothesis-strengthening and testing functions will be 

unique and may be stronger than other available data sources at least for a 

whi le. Currently, many studies of case series called 'Drug Use Investigations' 

are conducted by drug companies as a legal duty, but, they are conducted by 

the individual companies independently and one study cannot be compared with 
the other even as a historical control. 

PEM uses a mechanism of the collection of prescriptions issued by GPs by the 

PPA. In Japan, three fourths to four fifths of all the drugs prescribed in out

patient clinics are given to patients directly from clinics and hospitals via hospital 

Pharmacists and only the rest (one fifth to one fourth) is dispensed by 

Pharmacists in independent pharmacies (i.e., pharmacies outside and 
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independent of clin ics and hospitals) according to the prescription issued by 

doctors. Nevertheless, at least in theory, it is possible to know almost all of the 

relatively expensive drugs prescribed by doctors irrespective of whether or not 

they are dispensed by the independent pharmacies because the drugs are listed 

in the monthly claims called 'Rezept' (a term derived from a German word 

meaning 'prescription') issued by hospitals and clin ics requiring reimbursement 

of various diagnostic and therapeutic procedures. The monthly claims are also 

issued by independent pharmacies. However, the use of monthly claims for the 

purpose of drug monitoring may be not easy. For instance, many struggles do 

happen between hospitals and insurers associated with whether or not costs are 

to be reimbursed according to the original requests and the use of monthly 

claims for any other purposes than reimbursement may be sort of 'hot potato'. 

In addition , Japanese health case system is not quite simple in terms of flow of 

money (and, therefore, flow of monthly claims) which provides another difficulty 

in the use of monthly claims for the purpose of drug monitoring_ The detailed 

discussion for those difficulties is far beyond the scope of th is thesis and some 

of the related information may be obtained elsewhere 103
• What may be 

stressed here is the basic mechanism which can be used to get the information 

on prescribed drugs is available in Japan though there will be several difficulties 

when the mechanism is used for the drug safety monitoring. 

Another possible mechanism to be used to identify drug, patient and prescribing 

doctor may be that via independent pharmacies.. As a legal duty an 

independent pharmacy should keep a patient record for each individual patient 

and the information on the time when the drug is dispensed and whether the 

patient has received other drugs from any other pharmacists or hospitals must 

be recorded. Therefore, if pharmacists in independent pharmacies co-operate 

in identifying the patients using particular drugs, this may provide a basic 

mechanism useful in the drug monitoring This mechanism may be also useful 

when the concurrent control is to be found because the 'new' users of 'old' drugs 

may be difficult to find from prescriptions or monthly claims and the information 

on the date when the patient has started the drug may be best obtained by 

somebody who is normally expected to ask individual patients the issues 

relevant to drugs. However, the cohort identified by this mechanism may not 

represent the whole drug users particularly in Japan as the fraction of outpatient 

drugs dispensed by independent pharmacies is smal l (between 1/5 and 1/4 as 



described earlier). 

There may be some differences of available medical information obtained from 

doctors in a PEM-Iike system in Japan compared with that in England. For 

instance, laboratory examination is done much more frequently in Japan even in 

small clinics when compared with that in general practice in the UK Therefore, 

laboratory data may become an important portion of the body of the event data 

available in Japan and the analysis of the laboratory data may provide some 

important findings in Japan. 

Another problem sometimes raised associated with the introduction of PEM into 

Japan is the fact that the number of co-prescribed drugs is on average greater 

than that in the US or UK and when embarking on a system like PEM, particular 

attention may be paid to the problems associated with polypharmacy including 

drug interaction. Regarding drug interaction, problems associated with 

hypothesis-generating and hypothesis-strengthening or testing may be 

discussed separately. In hypothesis-strengthening or testing, the information 

on the patients who took particular combination of two drugs may be collected 

and for this end, methods other than PEM may be more useful; e.g., 

multipurpose database or, if ethically acceptable, clinical trials. In hypothesis

generating, co-prescribed drugs may be handled as risk factors simi lar to other 

factors such as age, sex, severity of the indication and concomitant diseases etc. 

In any case, the key issue is the availability of the complete information on co

prescribed drugs. It is true that in the current PEM in England, the information 

on co-prescribed drugs is incomplete. In green forms no formal questions on 

the co-prescribed drugs are made as the burden would become extraordinary if 

requiring doctors to give the information on co-prescribed drugs eventually 

lowering the response rate . Some information on co-prescribed drugs is 

available from the prescriptions collected to identify the patients in PEM in 

England. However, there is a possibility that the patient has received other 

prescriptions which do not list the drug monitored by PEM. In Japan if the 

patient is identified by pharmacists in independent pharmacies and if enough 

co-operation of the pharmacists is available who keep good records on 

individual patients, the detailed information on the co-prescribed drugs may be 
available. 
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Two different approaches may be tested separately or simultaneously before 

determining which one of those (or both) approaches would be suitable when 

PEM is introduced into Japan. One approach is to find the patients who are 

represen tative of all drug users identified by monthly cla ims issued by hospitals, 

clinics and independent pharmacies. In the other approach, the patients are 

identified by pharmacists in as many independent pharmacies as possible. In 

the latter approach, the detailed information on co-prescribed drugs may be 

obtained and a concurrent control group may be also identified . 

Other possible troubles are also associated with Japanese health care system. 

For instance, in Japan it is quite often a patient himself/herself that decides 

which hospital or clinic to visit and the medical cost is any way reimbursed 

irrespective of the hospital or clinic the patient has visited. A patient 

sometimes changes the hospital or clinic suddenly and seek new one without 

noticing the doctor in the previous hospital or cl inic to which he/she has visited. 

Some patients even wander from hospital to hospital. Therefore, the patient 

follow-up is often difficult in any clinical study conducted in Japan particularly if 

the study period is not short. Some means to overcome this difficulty must be 

found when PEM is introduced into Japan 

In 1996, a study group sponsored by MHW has been formed to study 'the 

conditions available in Japan for conducting event monitoring similar to PEM in 

England' (Chief, Professor Kiyoshi Kurokawa, Faculty of Medicine, Tokai 

University) . The final report will be made probably after conducting some pi lot 

studies somewhere in Japan and will be available around March 1998. It is 

expected that the issues which are not detailed in th is thesis will be clarified in 

the final report issued by the study group. 
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Summary and conclusion 

1) Prescription-Event Monitoring (PEM) developed in the Drug Safety Research 

Unit (DSRU), Southampton, England is not a multipurpose database but a 

scheme specifically designed for the drug safety to complement voluntary 

reporting system (VRS). One of the major objectives of PEM is to detect 

adverse drug reactions (ADRs) unrecognised by individual doctors provided that 

the reaction is not rare. Most ADRs which are not rare are detected in the pre

marketing stage or by VRS before PEM data are available. Nevertheless, 

history indicates that some ADRs which are not rare and not trivial could be 

missed by most doctors for long and it is therefore important to examine whether 

PEM has a good hypothesis-generating function. 

2) A PEM study is an observational cohort study where a historical control is 

used. The between-drug comparison is the basic strategy of the data analysis 

in the cohort study and in PEM this standard procedure has been often used to 

strengthen or test hypotheses already generated elsewhere. However, the 

standard way of the data analysis is not necessarily a good means in 

hypothesis-generating. In the DSRU, a within-drug comparison to compare two 

rates during the two time periods called as T1 and T2 has been recognised to be 

useful though this comparison has not yet been widely accepted. This 

comparison itself does not provide any evidence that a drug may have caused 

the event and the events are to be further examined by other standard methods. 

In the publication from the DSRU, the comparison between T1 and T2 is said to 

be efficient in picking up almost all major known ADRs but this statement has not 

been well tested. In this thesis, whether or not this statement is really correct is 

examined. Furthermore, whether it picks up ADRs so far unrecognised by 

doctors is also examined. In addition to a rule of thumb based on the ratio of 

two rates known as the 'rate ratio method', a statistical test (likelihood ratio test) 

is advocated in this thesis and employed in the data analysis. 

3) The data of the PEM studies on 24 drugs are scrutinised. These 24 drugs 

are selected because the cohort size is 6000 or more, the first prescription has 

been issued (i.e., the drug has been marketed) before 1990 so that the full range 

of information on the drug is now likely to be available, and, they are still used in 
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the UK. When more than 1000 terms are examined for each of those 24 PEM 

drugs, a total of 389 events are signalled of which 193 events are known ADRs 

given in the latest issue of the British National Formulary (BNF) No 31, March 

1996. Any single known ADR to any of 24 various drugs examined in this 

thesis is not missed by the comparison between T1 and T2 provided that the first 

monthly rate is more than 0.4 % per month. Therefore, the statement that the 

comparison between T1 and T2 can pick up most major ADRs has been 

confirmed. To get this figure, the concomitant use of the likelihood ratio test is 

important as some ADRs where the first monthly rate is more than 0.4 % are 

otherwise missed. In addition , 46 of 389 events picked up by the comparison 

between T1 and T2 are ADRs given in the current BNF but not in the old BNF 

available during the individual PEM studies, indicating that PEM has a potential 

to detect ADRs not widely accepted as ADRs. 

4) Nevertheless, there are several points to be improved in PEM in order to 

generate more reliable signals. It is preferable to get more information on 

concomitant diseases and the severity of the indication in order to differentiate 

events confounded by the indication from the true signals It may be also 

needed to examine dose-effect relationship to signal ADRs of 'type A'. Other 

points include to use 'on' vs 'off' comparison, to record disappearance of an 

event after stopping the drug, to find the modified comparison between T1 and 

T2 to detect late-onset ADRs, to test hypotheses raised in PEM by other 

databases and to consider the possibility to find a concurrent control. 

5) Lastly, the possibility of the introduction of PEM into Japan is discussed. In 

Japan, if a system like PEM is established, it will be particularly valuable in 

hypothesis-strengthening and testing because any huge multipurpose database 

made across several hospitals is unlikely to be developed in the near future in 

Japan. Several relevant problems such as how to identify drug, patient and 

prescribing doctor and problems associated with the difference of medical care 

between the UK and Japan are discussed. A study group supported by 

Ministry of Health and Welfare (MHW) is now examining 'the conditions 

available in Japan for conducting event monitoring similar to PEM in England' 

and the resu lts will be published elsewhere around March 1998. 
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Appendices 



Appendix 1 

Historical consideration of Prescription-Event Monitoring 
(PEM) with particular attention to 'signalling' 

It was in 1980 that the Drug Surveillance (later Safety) Research Unit (DSRU) 

was set up at the University of Southampton by Professor WHW Inman. He 

was also one of the original members of the Committee on Safety of Drugs 

(later Medicines), abbreviated as CSD (later as CSM), established in 1964 in 

the United Kingdom ' . In order to understand the role of the DSRU and 

Prescription-Event Monitoring (PEM) which has been the main activity of the 

OSRU, it is important to know why the DSRU has been set up in 1980 and why 

PEM has been designed as a new national scheme for postmarketing 

surveillance (PMS). This is not just a historical matter but a key to 

understanding the difference and relationship between PEM and the 'Yellow 

Card Scheme'. 

Practolol syndrome and PEM 

It is well known that the thalidomide disaster has led the 'Yellow Card Scheme', 

the first national scheme in the United Kingdom proposed by the subcommittee 

on adverse reactions of the CSD in 1964 to collect reports on suspected drug 

reactions. Similar schemes were also established in some other countries in 

mid to late 1960s u The system is often called as 'spontaneous' or voluntary 

reporting system (VRS)18 as it depends on the voluntary reporting from medical 

doctors (and other health professionals including pharmacists in some 

countries such as USA19
) who have suspected adverse drug reactions (ADRs) 

in their daily practice. On the other hand, PEM was designed to complement 

VRS after the 'Yellow Card Scheme' was found to have failed to give early 

warning signals to 'oculomucocutaneous syndrome' caused by a beta-blocker, 

practolol8
. The 'Yellow Card Scheme' failed to detect practolol syndrome 

during the first four years after practolol was marketed in 1970 because its 

major manifestations such as dry eye, deafness and psoriasis-like eruption 

mimicked commonplace illnesses which doctors often encountered in their 

clinical practice. In addition, in many cases, this ADR developed months or 



even years later after the first prescription of the causative agent. Because of 

these factors, most doctors did not suspect the possibility of the causal 

relationship between those adverse events and the drug. It was only after 

1974 to 1975 when a couple of astute authors sent case reports of this new 

ADR to medical journals"·'' that hundreds of 'Yellow Cards' on the cases of 

suspected practolol syndrome were rushed to VRS 12
. 

When most doctors miss the causal relationship, that ADR has only few 

chances to be reported to VRS so that VRS tends to fail to give an early 

warning signal. 

Practolol syndrome and subacute myelo-optico-neuropathy (SMONl 

Interestingly, subacute myelo-optico-neuropathy (SMON) due to chloroquinol , 

having clustered from late 1960s to early 1970s particularly in Japan 13
, had a 

similar feature to practolol syndrome and other ADRs difficult to recognise. In 

typical SMON, patients had acute abdominal symptoms such as diarrhoea and 

abdominal pain suddenly at some specific time point before neurological signs 

developed even if patients had started taking the causative agent long before 

the first manifestation of this ADR14 Although thousands of patients suffered 

from SMON, virtual ly no Japanese practitioners recognised the causal 

relationship from the clinical observation . The crucial key event leading to the 

recognition of the relationship between SMON and chloroquinol is said to be 

the detection of the causative agent from green pigment in the urine and feces 

as well as from peculiar green fur of the tongue of some patients 's 

When no doctors recognise the causal relationship, VRS does not work at all. 

Four objectives of the DSRU 

The DSRU had the following four objectives when it was established in 1980104
. 

To establish a second nationwide drug safety screening programme called 

Prescription-Event Monitoring (PEM) in collaboration with the Prescription 
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Pricing Authority. 

2 To conduct epidemiological investigations into specific drug safety 

problems on a local or national scale . 

3 To develop training and conference facilities. 

4 To study methods for improving the public's perception of the balance of 

drug risks and benefits. 

Ten objectives of PEM 

The establishment of PEM was raised as the first of the above four objectives 

of the DSRU. It was designed to achieve the following 10 objectives set by 

Professor Inman 12
. 

1) It should enable us to estimate the incidence of adverse events. 

2) It should record all events and not merely those which have been thought 

to have been drug-induced. 

3) It should include all the users of a drug for at least as long as required to 

assemble a population capable of revealing comparatively uncommon 

drug-events (eg in the range 1% to 0.1 %). 

4) It should permit long-term follow-up. 

5) It should not influence prescribing (ie no inducements). 

6) It should not increase medico-legal risk. 

7) It should permit fast communication between researchers, prescribers, 

regulatory authorities and manufacturers. 

8) It should be standardized so that groups of patients treated with one drug 
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could readily be compared with other groups. 

9) It should be 'doctor-friendly'. 

10) It should be inexpensive. 

Hypothesis-generating function is critical with PEM 

Even if not explicitly described in 10 objectives of PEM above, one of the most 

important functions which PEM is expected to exert is obviously that of 

generating hypotheses on the new ADRs so far unrecognised or the new 

problems associated with the known ADRs. In addition , being different from 

VRS, PEM should have some mechanism providing a hypothesis-generating 

function by analysing 'events' without depending on the individual doctors' 

suspicion on the causal relationship between the event and drug. Unless 

PEM has such a mechanism, PEM cannot be regarded to meet its mission as 

nobody can predict which new chemical wil l turn out to be another practolol. 

It took years for the DSRU to find an effective methodological way to detect 

possible ADRs to the drug from the data recorded as 'events' because the 

validity of the method could be fully examined and established only by using 

the data collected from many PEM studies. In these two to three years, there 

has been a debate on the methodology in the DSRU which has been not yet 

completely resolved. It seems that even by now the methodology has not 

been firmly established and an effort to find a better way of signa ll ing possible 
ADRs is still on-going. 



-263-

Appendix 2 

PEM as a tool of hypothesis testing 

A hypothesis-generating function is one of the most important features which 

PEM is expected to have as described in Appendix 1. In this regard, it is 

interesting to see that in a textbook edited by Strom, Pharmacoepidemiology, 

PEM is evaluated as a system characterised as 3
: 

Hypothesis generating (+) 

Hypothesis strengthening (++) 

Hypothesis testing (+++) 

where hypothesis-testing studies are defined as studies designed to eva luate 

in detail hypotheses raised elsewhere, hypothesis-strengthening studies are 

defined as those designed to provide support for, although not definitive 

evidence for, existing hypotheses and hypothesis-generating studies are 

defined as those designed to raise new questions about possible unexpected 

drug effects, whether adverse or beneficial. At least in a textbook, 

Pharmacoepidemiology, PEM is regarded as a tool of hypothesis testing or 

hypothesis strengthening rather than hypothesis generating. Some of 
contributions of PEM to the field of the drug safety have been so far made 

indeed through its hypothesis-strengthening or testing function. In this section, 

PEM is viewed as a tool of hypothesis testing. 

Some examples where PEM works as a tool of hypothesis testing 

PEM has been sometimes used as a tool of hypothesis testing . Several 

examples are shown as follows. 

1. Erythromycin estolate and jaundice 105 

A hypothesis on the relationship between erythromycin estolate and jaundice 

was generated by VRS. In 1973, the CSM published a report suggesting that 

the relative risk of jaundice might be as much as 20 times as great with 
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erythromycin estolate than other preparation of this antibiotic106
. In the PEM 

study conducted in 1982, 4373 patients using erythromycin estolate and 5386 

patients using erythromycin stearate were identified'05 Simple questionnaires 

to ask whether the patients had developed jaundice were sent to doctors and 

3314 forms for erythromycin estolate and 4095 forms for erythromycin stearate 

were returned. Eight cases who took the estolate and six cases with the 

stearate developed jaundice. In three patients who took erythromycin 

stearate but no patients with the estolate, the antibiotic could be considered to 

have been a possible cause of jaundice. The hypothesis raised from VRS 
was rejected by this PEM study. 

2. Gastro-intestinal ulceration and piroxicam 107 

The hypothesis that piroxicam may cause more gastro-intestinal ulceration 

than other NSAIDs was originally derived from reports to the CSM and raised 

by letters to medical journals in 1985108 and exaggerated by lay press with such 

a headline as "Arthritis Drug Alert after 77 Patients Die" 109
. Being different 

from testing the relationship between erythromycin and jaundice as shown 

example 1 above, the PEM study on piroxicam had been finished 

independently before this hypothesis was raised. The majority of 
questionnaires (green forms) were returned by the end of January 1984 in the 

PEM study on piroxicam and the results were published in Proceeding of the 

2nd International Meeting on the Side-effects of Anti-inflammatory Analgesic 

Drugs held at Cambridge, England, 31st July - 2nd August, 1985. In that 

report where five NSAIDs, i.e., benoxaprofen, fenbufen, zomepirac, piroxicam 

and 'Osomsin' (indomethacin slow-release) were compared with one another, 

the following conclusion was already made84 

While we would not deny that NSAIDs may occasionally cause 

serious gastrointestinal complica ions such as bleeding or 

perforation, one important result of this study is the 

observation that the distribution of cases both during and 

following treatment seemed to be very similar . This leads 

us to conclude that any differences caused by treatment 

are likely to have been small. 
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PEM played an important part in allaying public fears for piroxicam and the 

results of the PEM studies on five NSAIDs were also presented at the FDA 

hearing 109
. 

3. Fluoxetine and suicide 

The hypothesis was raised by a letter to medical journal reporting case series 

of six patients who took fluoxetine, one of selective serotonin-reuptake 

inhibitors (SSRis), and had suicidal thought or homicidal behaviour110
• It was 

also complicated by lay press and a lawsuit in USA and major influence from 

lay press occurred in the UK during the PEM study on fluoxetine . Towards 

the end of the PEM study and immediately after a TV programme, screened on 

December 1990, presenting a number of anecdotes portraying homicidal or 

suicidal behaviour among patients in USA, the DSRU added supplementary 

questions to about the last 4000 patients selected for study' 2
·
34

· "'. There was 

no evidence to suggest that patients had become more violent or more self

destructive during or following treatment with fluoxetine. Though no data of 

the PEM studies on antidepressants of other classes (e.g., tricyclics) were 

avai lable, the rate of suicidal behaviour was similar between three SSRis 

(fluvoxamine, fluoxetine and paroxetine) studied by PEM. 

General Practice Research Database (GPRD) in UK, formerly called as Value 

Added Medical Product (VAMP), one of the biggest record linkage systems in 

the world, was also used to test this hypothesis4
. The rate of suicide was 

compared among 1 0 antidepressants prescribed between January 1988 to 

February 1993. Crude rates of suicide was within a factor of 4; i.e., 4. 7 

(lofepramine) to 19.0 (fluoxetine) per 10,000 patients. Though the results 

indicate that only fluoxetine has a rate that seems to be substantially higher 

than that of the other antidepressants, when the analysis was restricted to 

those without a history of having felt suicidal or who had taken only one 

antidepressant, the increased risk for those who took fluoxetine was reduced. 

The authors concluded that the increased risk associated with fluoxetine might 

be explained by selection bias and the risk of suicide was similar among the 10 

study antidepressants•. 
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4. Cisapride and tachycardia 

Though not comparable to other three examples in terms of the magnitude of 

the influence to public, this example shows clearly how a hypothesis ra ised by 

VRS could be tested by PEM. A hypothesis was raised by VRS and seven 

cases of tachycardia or palpitations associated with treatment with cisapride 

were reported from WHO collaborating centre for drug monitoring11 2 When 

compared among 23 drugs monitored by PEM, cisapride was the twelfth when 

the rates of palpitations, tachycardia and extrasystoles with these drugs were 

ranked in descending order113
. Five non-cardiovascular drugs as well as six 

cardiovascular drugs had the rates higher than that of cisapride. The rate of 

tachycardia with cisapride was estimated to be extremely low. 

PEM works as a tool of hypothesis testing particularly when rejecting the 

hypothesis 

In all of the four examples shown above, PEM can be considered as a tool of 

hypothesis testing where a positive hypothesis "a drug A causes an ADR B 

frequently (or more frequently than other drugs)" is rejected It may be 

stressed that this type of hypothesis testing is almost impossible in VRS as the 

rejection of the hypothesis is based on the comparison of the rates estimated in 

the population while the rate of an ADR is difficult to know in VRS. A reliable 

estimation of denominator (number of patients exposed to the drug) is difficult 

in VRS. An estimation of numerator or number of ADRs is more troublesome 

as only a small fraction of ADRs which have occurred is known to be reported 

to VRS27 and therefore ' reported ' rate is heavily influenced by various factors 

such as publicity of an ADR 114 

Between-drug comparison as a means to test and reject a hypothesis 

The above four examples also illuminate an important role of the between-drug 

comparison in the analysis of the PEM data. In PEM, the between-drug 

comparison, a standard approach in the cohort study115
.
117

, provides a useful 

means when rejecting a hypothesis as illustrated above. This is particularly 

true when the event is proven to be rare. On the other hand, in PEM the 
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between-drug comparison may not necessarily provide a clear support to raise 

a positive hypothesis whether in hypothesis strengthening (where the same 

hypothesis has been already raised elsewhere) or in hypothesis generating 

(where the hypothesis raised is new and has not been raised anywhere else) 

as mentioned more in the following section. 

This feature of PEM (i.e., good in showing a negative result with small rates 

while clumsy in drawing a positive conclusion) may be common to most other 

database used in the pharmacoepidemiological studies made by gathering 

data from large number of subjects. The feature may be contrasted with a 

randomised clinical trial (RCT) using relatively small number of patients. In an 

RCT where randomisation and other procedures are done reasonably well , a 

positive result with a significant difference between groups can be usually 

shown unambiguously even if its clinical implication and possibility to 

generalise the results may be sometimes questionable. On the other hand, 

when no difference is detected between groups, the conclusion is not so clear 

particularly when the number of study subjects is small. The result is often 

described with such an excuse that "the difference did not reach statistical 

significance because of the small number of subjects --" but not shown as an 

evidence to verify that two groups are equal to each other. In general, to 

reach a negative conclusion on the events with small rates, an observational 

study on large number of patients is more powerful and more feasible than an 

RCT with a small number of subjects. 
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Appendix 3 

Hypothesis-generating and strengthening by the between
drug comparison in PEM 

PEM is an observational cohort study. In a standard observational cohort 

study, the basic strategy used in the analysis of data is the comparison of 

patient groups classified according to possible risk factors and followed over 

time11 5
'
117

. In the cohort study of drug effect (either adverse or beneficial) the 

comparison is usually made between those who used different drugs. If 

enough number of patients who have taken no drug for reasonably long period 

are available, the comparison may be also made between patients with a drug 

or a class of drugs and those without any drug '"-

Original idea to use concurrent or contemporary control in PEM 

At least in the early stage of PEM, the between-drug comparison was thought 

to be the major means to analyse the data irrespective of whether a likely 

conclusion was negative or positive100
'
101

. When designing PEM, Inman wrote 

in an article "Postmarketing surveillance of adverse drug reactions in general 

practice" published in BMJ in 1981 as follows 101
. 

Each "test" drug will be matched with a "control drug", the 

test drug being one that has recen ly been gran ed a 

product license and the control drug will usually be a 

chemically or pharmacologically similar drug already 

marketed for t he same indications . 

For example, the first two PEM studies conducted in January 1982 were those 

on two NSAIDs, benoxaprofen and fenbufen ' . In the study on the relationship 

between jaundice and erythromycin conducted also in 1982, the estolate and 

stearate of erythromycin were compared with each other105
. The conclusion of 

th is study was, as mentioned earlier, negative rejecting a hypothesis raised by 

VRS. 
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On the contrary, a positive results was obtained (i. e., a "warning signal" was 

raised) by the between-drug comparison in the PEM study on terodiline as 

follows. 

Torsades de pointes and terodiline: PEM study where the between-drug 

comparison was used as a major tool to generate a "warning signal" 131
'
118 

I the PEM study on terodiline, many events associated with the use of 

terodiline were reported and analysed. However, one of the most important 

issues addressed in the study was the relation between terodiline and torsades 

de pointes published as a letter from the DSRU to BMJ 118 preceding to the full 

report on the study'' . In the letter, the between-drug comparison was used as 

a tool of hypothesis strengthening rather than hypothesis generating because 

the hypothesis had been already raised somewhere else. In 1991 , Mcleod 

and co-workers reported a case who developed torsades de pointes (one type 

of potentially fatal ventricular arrhythmias) allegedly due to terodiline11 9 and 

other possible cases had been reported to the CSM 120 In the letter from the 

DSRU, instead of analysing torsades de pointes itself which could be 

diagnosed only when a patient was on ECG monitoring, several events which 

rnight be associated with this arrhythmia were studied and compared between 

terodi line and an NSAID, nabumetone. Two studies on terodiline and 

nabumetone were conducted approximately at the same time and two groups 

of patients were said to be similar in terms of distribution of age and co-

prescribed drugs. Several events such as confusion, syncope, 

cerebrovascular accident, transient ischaemic attack and falls/fractures were 

considered to have a close relationship with torsades de pointes and used in 

the comparison between two drugs. The rates of these events with terodiline 

were several times higher than those with nabumetone. In addition, six 

classes of drugs potentially causative of those events and co-prescribed with 

terodiline were examined later in a special project leading to a negative 

conclusion where any co-prescribed drug was judged not to have been 

relevant to the events examined31
• Those drugs were diuretics, beta-blockers, 

digitalis, nitrates, ACE-inhibitors and calcium-antagonists. Within some days 

after the letter from the DSRU was published in BMJ , the drug was withdrawn 

voluntarily by the manufacturers31
. Though it was stressed, in the letter, that 

the results were by no means conclusive 118
, this letter from the DSRU was 
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probably one of the major driving forces to have led to the withdrawal of 

terodiline. 

When the results of the PEM study on terodiline were analysed and the letter 

was sent to BMJ in 1991 118
, the original idea to use the concurrent control had 

been already abandoned by the DSRU. For instance, the PEM study on 

nabumetone was conducted as one of the routine PEM studies on the newly 

marketed drugs independently of the study of terodiline86
. Therefore, 

nabumetone did not have features to be possessed by the control drug as 

originally conceived in 1981 ; i.e., a chemically or pharmacologically similar 

drug with the same indications 101
. Though not a lot of criticisms by the 

authors outside the DSRU were addressed to this letter 118
, the use of 

nabumetone as a control drug might have some problems. 

Major indication of terodiline was urinary incontinence while that of 

nabumetone was various including osteoarthritis, joint pain, unspecified 

'arthritis ', back pain or rheumatoid arthritis. The rates of some events directly 

associated with the indication of one drug but not with that of the other may 

differ considerably even if they are by no means associated with either drug. 

For instance, the rate of urinary tract infection with terodi line coded in the first 

six months irrespective of whether the patient continued the drug was 3.9 per 

1000 patients per month and three times higher than that with nabumetone, 1.4 

per 1000 patients per month. On the contrary, the rate of orthopaedic surgery 

with terodi line and that with nabumetone were 0.2 and 0.8 per 1000 patients 

per month, respect ively. The mechanism to have caused these differences is 

known as confounding by the indication 102 For instance, urinary tract 

infection may have occurred in association with neoplasm of urinary tract 

rather than the drug itself and neoplasm in turn may have been underlying 

urinary incontinence. Some of other possible diseases or pathological 

conditions underlying urinary incontinence (e.g., autonomic dysfunction) may 

have caused some events such as confusion, syncope, and falls/fractures by a 

mechanism other than torsades de points (e.g., orthopaedic hypotension). 

The discussion on the possible relationship between terodiline and torsades de 

points would be clearer if more information on the underlying diseases had 

been available for individual patients who had confusion, syncope and 
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falls/fractures etc. During the developing phase of PEM, the DSRU has 

revised the questionnaire (green form) several times to improve it but the 

question on complications has not been included in the form. An important 

information for the underlying diseases might be obtained just by a simple 

additional question on the complications and/or concurrent abnormal 

conditions which may or may not have a relationship with the indication of the 

drug. If the information could provide a likely alternative explanation , this 

would help distinguish the event likely caused by the underlying diseases from 

that caused by the drug. In the opposite case, non-existence of the 

alternative explanation may or may not support the possibility that the event in 

question is an ADR. For example, if the patient has been otherwise healthy 

until the occurrence of an acute disease (e.g., acute infection) for which the 

drug is prescribed, there may be no way to distinguish whether the event is 

caused by the drug or by the acute disease itself provided that both scenarios 

are equally likely. 

Reasons why the DSRU gave up the use of the concurrent control drug in PEM 

Probably, the experience with 'lndocid' gave the most important driving force to 

make the DSRU give up the use of control group in PEM. In 1983 the study of 

two NSAIDs, benoxaprofen and fenbufen was extended and later in the same 

year zomepirac, piroxicam and 'Osmosin' (indomethacin slow-release) were 

added 121
·
122

. Though not included in the report of the PEM studies on 5 

NSAIDs in 198584
, the DSRU has also conducted, at the same time, a study of 

'lndocid' (old preparation of indomethacin). The original intention was to 

explore the possibility that 'Osmosin' and ' lndocid' might show different rates of 

gastrointestinal disorder. According to lnman8
, 

The results of this experiment were very instructive from 

the methodological point of view . Many patients in the 

'Indocid' group had been using the drug for very long 

periods , sometimes as long as 20 years . The number of 

events recorded was much lower than with he other five 

preparations and the data are considered not o be 

comparable . Many doctors complained that it took too much 



of their time to record even s in patients who had used 

'Indocid' often for many years and asked us not to embark on 

other studies of well-established drugs . 

In addition to an extraordinary burden to doctors who were asked to record 

events which occurred during the preceding several years in the patients with 

'lndocid', there seemed to be another problem associated with 'survival 

cohorts'. True cohort studies should be distinguished from studies of 'survival 

cohorts' or 'available patient cohorts'123
. Many of the current users of the old 

drug, particularly the old drug used for a chronic condition , are often 'survivors ' 

who have not had any serious adverse events. On the other hand, those 

having experienced serious events during the use of the drug are likely to have 

stopped it and unlikely to be found in the current users. 

A policy not to employ a 'control ' group seemed to have been already 

established before the PEM study of terodiline was conducted. For example 

the PEM study on ranitidine conducted in 1985 did not use a control group as 

follows8
: 

For a number of reasons , we did not initiate a green form 

exercise for cimetidine . The drug had been marketed 

several years earlier , and although many rani tidi.ne

treated patients had been using cimetidine (some were 

cimetidine failures) , the reverse could no be true . It was 

clear that the two groups would not be comparable in other 

respects . Our subsequent experience with 'Indocid' , already 

referred to , sugges that our decision not to attempt a 

study of cimetidine was probably correc . The main value 

of the ranitidine data will be for comparison with any new 

H2-receptor antagonist which may be marketed in the future . 

The problem of historical control 

To avoid the problem associated with 'survival cohorts' , a historical control may 

be employed where the current data of the new drug are compared with those 
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of the old drug obtained by the study conducted in the past when the drug was 

marketed for the first time. However, it is known that choosing concurrent 

controls (i. e., patients treated during the same period of time) is, in general , a 

better way of avoiding bias 11s One example of biases associated with the use 

of a historical control is publicity of the adverse drug reaction common to the 

class which may increase with time. For example, the rate of cough recorded 

in the PEM studies on lisinopril , ramipril and perindopril were three times 

higher than the PEM study on enalapril conducted years earlier when this ADR 

was not widely knownn 

In this regard , it may be worth trying to come back to the original idea of PEM 

when it was designed in 1981 asfollows 101
: 

An unknown proportion 

control drug wi 11 have 

of the patients receiving the 

been taking it for some time, 

though this will not be apparent from the prescription . 

Others will be "new" patien s who have recently star ted 

treatment . The first task will be to process prescriptions 

for the control drug in such a way that contemporary 

treatments may be selected for comparison with the new 

product . In practice this will be done by monitoring the 

prescriptions for the control drug for several months 

unti 1 pa t.ients who are "new to the sys tern" start to appear. 

These will be put on one side for further s udy and the 

remainder discarded . There would be 1 it tle point , for 

example , in comparing pa ients starting treatment with a 

~-blocking agent marketed for the first time in 1981 with 

controls who migh have been taking propranolol for ten or 

more years . 

If all of the prescriptions to cover the whole country are monitored for several 

months to identify and exclude the current users of the control drugs who have 

used that control drug already for years, patients who are "new to the system" 

could be selected. Most of those patients may be the "new" users of the 

control drug. Unfortunately, it seemed that in the study of 'Jndocid', the use of 

this technique was not considered seriously so that the control group identified 
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was judged to be not suitable for the comparison with other five NSAIDs8
. In 

addition , after receiving complaints from doctors involved in the ' lndocid' study, 

the idea to try to identify the concurrent control seems to have been completely 

abandoned. 

It may be however emphasized that a proper control drug was not available 

any way in the PEM study of terodiline because terodiline was a unique drug 

and no drug with similar indication existed when terodiline was monitored by 

PEM. In addition, the use of the concurrent control, even if possible, will not 

solve all of the problems inherent to the observational study. The 

observational studies, including cohort studies, are in general subject to a 

great many more potential biases than are clinical trials where patients are 

randomised . If it takes very long time to identify enough number of the 'new' 

users of the control drug, the use of the concurrent control may be impractical. 

With these limitations, however, a concurrent (or contemporary) control may be 

seriously considered whenever there is any possibility to use it. 



Appendix 4 

Hypothesis generating and strengthening by the methods 
other than the between-drug comparison in PEM 

Renal failure with enalapril 76
·
78 

The PEM study on enalapril was conducted between 1985 and 1986. Similar 

to the ranitidine study, no information for the patients using captopril was 

collected in the enalapril study. When the results of the enalapril study were 

avai lable, the main concern was a large number of fatal cases of which a 

considerable proportion was associated with renal failure occurring with a 

frequency much higher than expected. In 1988 a series of two reports on the 

PEM study of enalapril were published in BMJ76
·
78 and the subtitle of the latter 

of the two was "investigation of the potential role of enalapril in deaths with 

renal failure" which obviously signalled a possible relationship between 

enalapri l and death from renal failure. In the PEM study of enalapril , 1098 of 

15169 green forms recorded patients as having died. The patient notes for 

913 of 1098 fatal cases were retrieved and examined for any abnormali ty of 

renal function. 178 cases were found to have had a creatinine concentration 

of more than 250 ,umol/1 or a urea concentration of more than 20 mmol/1 at 

any time or have been mentioned of renal abnormality. Excluding 36 cases 

where serial measurements clearly showed no further rise after enalapril and 

30 cases who were unassessable, 112 cases were judged to be assessable. 

In 75 of the 112 cases, enalapril had been associated with a rise in the 

creatinine or urea concentration of 50% or more and in 10 patients enalapri l 

was thought to have contributed to a deterioration in renal function sufficient to 

be a factor in the subsequent deaths. Those 1 0 patients were characterised 

by the old age, use of high dose, concomitant use of potassium sparing 

diuretics or NSAIDs and pre-existing renal disease78
. 

The report on the PEM study of enalapril forms a striking contrast to many 

recent papers which report on 'reno-protective' effects of ACE inhibitor in the 

patients with diabetic nephropathy' 24
-'

28
. ACE inhibitors may be 'reno

protective' also in the patients with other renal impairment 129
'
130

. On the other 
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hand, it is also known that in patients with severe bilateral renal artery stenosis, 

ACE inhibitors reduce or abolish glomerular filtration and are likely to cause 

severe and progressive renal failure131
. Progressive renal failure was 

recorded in about 5 % of patients with documented renovascular hypertension 

treated with ACE inhibitors 132 The observation in PEM that the combination 

of potassium-sparing diuretics and ACE inhibitors is especially undesirable has 

been also obtained in another study 132
• In this regard, it is interesting to see 

that the change in the description on ACE inhibitors has occurred in the British 

National Formulary (BNF)61
. For instance, in the BNF No. 12 (September 

1986) issued around when the PEM study of enalapril was finished, the 

description on indications of enalapril was given as 

Indications: all grades of essential hypertension and 

renovascular hypertension (where standard therapy is 

ineffective or inappropriate) ; congestive heart failure 

(adjunct) 

However, in the BNF No. 31 (March 1996), 'renovascular hypertension' is 

deleted from 'indications' of ACE inhibitors including enalapril. In the note for 

all ACE inhibitors, it is given that ACE inhibitors may be avoided in all patients 

with known or suspected renovascular disease. The findings about the risk 

associated with the concomitant use of potassium sparing diuretics or NSAIDs 

obtained in the PEM studl" are also noted in this BNF. The note on renal 

effects of ACE inhibitors given in the BNF No. 31 reads as follows (type in 

capital , italic or bold in the BNF No. 31 is reproduced below) : 

RENAL EFFECTS. In patients with severe bilateral renal 

artery stenosis (or severe stenosis of the artery 

supplying a single functioning kidney) , ACE inhibitors 

reduce or abolish glomerular filtration and are likely o 

cause severe and progressive renal failure . They are thus 

contra-indica.ted in patients known to have these forms of 

critical renovascular disease . 

ACE inhibitor treatment is unlikely to have an adverse 

effect on overall 

unilateral renal 

renal function in patients wi tb 

artery stenosis and a 
severe 

normal 
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contralateral kidney, but glomerular filtration is likely 

to be reduced (or even abolished) in the affected kidney 

and the long-term consequences are unknown. 

In general , ACE inhibitors are therefore best avoided in 

all patients with known or suspected renovascular disease , 

unless the blood pressure cannot be controlled by other 

drugs . If they are used in these circumstances renal 

function needs to be monitored with great care . 

- - - - Although ACE inhibitors now have a specialised role 

in some forms of renal disease they also occasionally 

cause impairment of renal function which may progress and 

become severe in other circumstances (at paxticula r risk 

are the elderly) . 

Concomitant treatment with NSAIDs increases the risk of 

renal damage , and 

potassi UITi-containing 

of hyperkalaemia . 

potassium-sparing diureti.cs (or 

salt substitutes) increase the ri.sk 

There may be a need to resolve an apparent discrepancy between the report 

on 'potential role of enalapril in deaths with renal failure ' from the DSRU76
.7

8 

and those on 'renoprotective' effect of ACE inhibitors including enalapril 124
-
130

. 

Noteworthily, the rate of renal failure has dramatically decreased in the 

sequential manner with time when compared among the PEM studies of four 

ACE inhibitors conducted between 1985 and 1995. Figure 19 shows the rate 

of renal failure reported in green forms (including both fatal and nonfatal 

cases) in the first 6 months irrespective of whether or not the patient continued 

one of four ACE inhibitors. Four ACE inhibitors in Figure 19 (year of study) 

are enalapril (1985 to 1986), lisinopril (1988 to 1989), ramipril (1990 to 1991 ) 

and perindopril (1990 to 1995). The decrease in the rate of renal failure with 

time is remarkable even when the rate is compared in the patients who had an 

indication of hypertension only, i.e., when the rate is estimated after excluding 

those with other indications such as cardiac failure as well as those with 

unknown indication (Figure 20). The difference of the rates of renal failure 

between ACE inhibitors was probably due to the selection bias and this point 

was appreciated already when the results of the lisinopril study became 

available. Mentioning the lisinopri l study, Inman wrote12
: 
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The rate of renal failure during treatment with enalapril 

was calculated to be 6.5 per thousand patient-years of use 

of the drug . The corresponding rate for lisinopril is 3.9 

per thousand patient-years . We believe that this may 

reflect a dif erence in the selection of patients , the 

newer drug being used in patients with less advanced 

cardiovascular disease . This is suggested by the fact Lhat, 

during the first six months' treatment with enalapril there 

\vere 403 deaths (2 . 9 %) compared with 157 (1.3 %) in the 

lisinopril group during the same period . 

However, the scenario seems to be a little more complicated. If the newer 

drug was used in patients with less advanced cardiovascular disease, the rates 

of other cardiovascular conditions (e.g., ischaemic heart disease) as well as 

that of renal failure might be expected to be higher with the older drug. 

However, when the rate of myocardial infarction, for example, recorded in 

green forms in the first 6 months irrespective of whether or not the patient 

continued the drug is compared between four ACE inhibitors, the decrease in 

the rate with time is not so remarkable (Figure 21) as compared to the 

decrease in the rate of renal failure (Figures 19 and 20). The rate of 

myocardial infarction is similar between four ACE-inhibitors except for 

perindopril where the rate is approximately half of that with other ACE

inhibitors. The same trend can be seen even when the rate is compared 

between selected patients with an indication of hypertension (Figure 22). The 

discrepancy of the pattern of the rates between renal failure (Figures 19 and 

20) and myocardial infarction (Figures 21 and 22) suggests that the selection 

might be more specific than conceived by Inman when the lisinopril study was 

compared with the enalapril study12
. One of the likely scenarios was that 

patients who had already had renal dysfunction rather than those who had in 

general advanced cardiovascular disease were specifically selected when 

enalapril was prescribed to the patients . 

Captopril was the first ACE inhibitor marketed in the UK and it was known in as 

early as 1980 that this drug could cause proteinuria presumably through an 

autoimmune mechanism133
. Enalapril was the second ACE inhibitor in the UK 
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and thought to be devoid of this side effect with captopril 134
. In addition, being 

different from captopril , 'renovascular hypertension' was one of the indications 

shown in the datasheet of enalapril when it was marketed in the UK for the first 

time as well as in the BNF available during the PEM study of enalapril as 

shown above. It might be not impossible that many doctors, as a result, 

thought enalapril was relatively safe for patients with renal dysfunction and 

preferentially prescribed enalapril to the patients who had already had renal 

dysfunction. Unfortunately, no direct evidence to support or deny this 

hypothesis can be obtained from the PEM study of enalapril. 

No PEM study was conducted on captopril. Therefore, it is very difficult to 

guess what would have happened and whether the selection bias would have 

been easier to recognise if captopril had been studied as a concurrent control 

along wi th enalapril. However, even when no control was used or unable to 

use, if a simple question on the concomitant disease or concurrent abnormal 

condition was added to the green form, it might be not very difficult to 

recognise that the fraction of patients who had already had renal dysfunction 

was higher than expected. Another interesting measure would be obtained by 

the question on the duration of hypertension in case it was the indication of the 

drug in the individual patients. If the proportion of the patients who had 

already had renal dysfunction was higher than expected from the average 

duration of hypertension, this information might be used as an evidence 

suggesting that enalapril was selectively prescribed to the patients with renal 

impairment. In any case, however, the fraction of patients who already had 

renal dysfunction or who suffered from hypertension for certain years should 

be measured in the whole population. In other words, this kind of information 

is able to obtain only when it is included in all of the questionnaires used in the 

study unless the second questionnaire enquiring additional questions is sent to 

all of the doctors who have sent back the first questionnaire 

Even if more direct information on the selection bias had been available, the 

conclusion of the enalapril study, (i.e., enalapril had been associated with a 

deterioration in renal function in 75 cases and might contribute to the 10 

deaths) would not have been largely altered. However, mentioning the 

selection bias, if possible, would have made the report more informative. 
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Logic behind signalling renal failure associated with enalapril 

Even if the control drug was not used in the PEM study of enalapril , the first 

clue leading to signalling renal failure associated with enalapril was probably 

brought by an intuitive perception that the rate of renal failure was much higher 

than expected though the detailed follow-up study was done only for the 

patients who died. This perception was proven to be correct as shown in 

Figure 23. In Figure 23, the rate of renal failure with enalapril including both 

of the fatal and non-fatal cases is measured in hypertensive patients with 

enalapril and other drugs. The rate with enalapril is more than twice higher 

than any other drugs among nine cardiovascular drugs. 

According to Strom and Melman, there may be no need to randomise all 

studies of beneficial drug effects even if beneficial drug effects are often 

confounded by the indication135
. According to them, there are three major 

categories where a randomised clinical trial (RCT) is not necessarily requisite. 

(1) If the course of a patient's disease is sufficiently predictable, the beneficial 

drug effects may be studied even in a single patient. (2) If the decision about 

whether to treat is based on some factor that may not be related to the 

outcome variable under study such as vaccination in healthy individuals, an 

RCT may be also not necessary. In addition, (3) if the indication can be 

sufficiently characterised, an RCT may be not necessary, though confounding 

by the indication may exist. A similar argument may hold true for the adverse 

effect. If confounding by the indication does not exist, the adverse effect may 

be studied without randomised control or even without any control . On the 

other hand, If the adverse effect is confounded by the indication, the study may 

be very difficult by the observational research unless the indication is 

sufficiently characterised. 

Unfortunately, rena l failure in the PEM study of enalapril was in fact heavily 

confounded by the indication and the magnitude of confounding was probably 

much bigger than that assumed when the report on the PEM study of enalapril 

was published
76

·n In addition, the indication was not sufficiently 

characterised. For instance, in most patients with hypertension, no additional 

information on the indication was available so that whether or not the patients 
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with pre-existing renal dysfunction were selected could not be clarified. 

Cough with enalapril 

As detailed in a paper published in 1996 from the DSRU, cough induced by 

ACE-inhibitors had been unrecognised for several years since the first 

introduction of captopril in the late 1970sn In 1982 two papers by Havelka et 

al. reported dry cough as an ADR to captopril 136
•
137 but cough induced by 

captopril described in these two papers and another paper published in 1983138 

was not widely accepted. A letter by Soseko and Kaneko from Japan 139 led a 

series of reports on dry persistent cough induced by captopril and enalapril 

from Australia 140
, Canada 141

, France 142 and UK143
' 
144 including one from the 

DSRU78
. 

The letter on cough induced by enalapril from the DSRU145 was based on the 

PEM study of enalapril and the signal strengthened the hypothesis raised by 

other authors139
'
144

. In the letter, it was emphasised that cough recurred by 

rechal lenge in 4 cases, two with enalapril and the other two with captopri l145 

In the full paper on the PEM study of enalapril published in 1988, it was 

described as a feature characterising enalapril-induced cough that cough 

persisted during treatment and disappeared after stopping enalapril7
"- In 

either of the two publications from the DSRU76
'
145

, the signal was raised by the 

comparison of cough between different periods of the same patient (e.g., while 

using the drug, after stopping the drug, and after rechallenge) but not by the 

comparison of the rate with other drug(s) nor with the magnitude of the rate 

expected. The logic used in those publications are not new at all. Rather, it 

has been repeated in the papers on a method for estimating the probability of 

ADR that rechallenge is normally regarded to be more informative than 

dechallenge and if the same event occurs by rechallenge, the probability of 

ADR is considered to be high22
'
24

. However, in the daily clinical practice, the 

possibility of an ADR is rarely tested by rechallenge. Therefore, the 'on ' vs . 

'off' comparison may have a bigger chance to be used as a general method 

employed in various PEM studies. The method is classifiable as one of the 

'within-drug ' comparisons where a signal is raised from the feature observed 

within a single PEM study rather than a comparison between different PEM 

studies. 
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Appendix 5 

Comparison of crude rates between drugs in PEM 

The problems associated with the comparison of crude rates between drugs in 

PEM 

In general , the comparison between groups is much more difficult in 

epidemiology than in clinical studies where the patients are randomised . In 

PEM, this point has been repeatedly emphasised. For example, in the front 

page preceding 'Contents' of some PEM reports prepared in house by the DSRU, 

the following warning is given in italic81
•
146

. 

WARNING. Seemingly large (e . g ., more than threefold) 

differences in rates of events <vith apparently similar drugs 

may sometimes occur in a variety of circumstances , for xample 

<vhen tllere are differences in age or sex distribution , 

indication , dose , concurrent treatment , or timing of studies 

in relation to alterations in perception associated with 

publicity . 

For example, age and sex distribution differs between drugs. In Figures 24 and 

25, 'Psychotropic' includes 7 psychotropic drugs (fluvoxamine, fluoxetine, 

paroxetine, sertraline, buspirone, flunitrazepam and zopiclone), 'CV' includes 10 

cardiovascular drugs (diltiazem, nicardipine, amlodipine, isradipine, doxazosin, 

betaxolol , xamoterol , enalapril , lisinopril and ramipril) , 'NSAIDs' include 3 

NSAIDs (etodolac, nabumetone, tenoxicam), 'GI ' includes 5 gastro-intestinal 

drugs (nizatidine, famotidine, omeprazole, cisapride and misoprostol), 

'Antihistamines' include 3 antihistamines (acrivastine, cetirizine and loratadine) , 

'Asthma' includes 2 anti-asthmatics (nedocromil and salmeterol) and 'Anti 

infectives' include 9 anti -infectives (acyclovir, cefixime, ciprofloxacin , enoxacin , 

norfloxacin, ofloxacin , azithromycin, fluconazole and itraconazole). Figure 24 

shows that approximately the same number of female and male patients use 

cardiovascular, gastrointestinal and anti-asthmatic drugs but the number of 

female patients is bigger than that of male patients with other classes of drugs. 
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Figure 25 shows that approximately the same number of young (less than 40 

years old), middle (40 to 59 years old) and old (60 years or more) patients use 

psychotropic drugs, but more young patients are found with anti -histamines and 

anti-infectives. With other drugs (particularly, with cardiovascular drugs) , old 

patients predominate. 

The information on distribution of age and sex can be obtained relatively easily 

and reliably. It is possible to adjust the difference of age-sex distribution (and 

other known factors) between two or more drugs by some means (e.g., 

stratification , matching and the use of multivariate models52
•
54

) . However, in 

order to make such means work efficiently, the information on all of the major 

critical explanatory factors must be available. If it is likely that the information 

on some of major critical explanatory factors are lacking, the use of those 

methods including the use of the mathematical model is misleading 147
• As 

stressed earlier, in the analysis of the PEM data, it is very critical to make an 

allowance for factors other than age and sex. The factors critical in the 

analysis of the PEM data include indication (and its seriousness) of drug and 

concurrent illnesses and PEM may be improved in collecting more information 

on the indication and concurrent illnesses. However, if the indication is totally 

different between two drugs, any strategy to adjust the explanatory factors may 

not discriminate whether the difference of the rates between two drugs is due to 

the difference of the indication or that of the drug effect. Where two drugs 

share major indications, those two drugs may be in fact the members of the 

same class of drugs. In such a case, the publicity of an ADR common to the 

class may change with time as stressed in the 'warning' shown above while the 

publicity of an ADR is difficult to quantify. Figure 26 shows the first monthly 

rate of cough coded irrespective of whether the patient sti ll uses the drug. The 

highest rates are observed with two ACE inhibitors (lisinipril, LPT, and ramipril , 

RMP) but the rate with enalapril (ELP) is small . The difference of the rate of 

cough between ACE inhibitors is almost certainly due to the change in the 

publicity of this ADR to the ACE inhibitorsn Figure 26 also shows that the rate 

of cough is high with nedocromil (NCM) used in patients with asthma and an 

antibiotic, cefixime (CXM), where one of major indications is chest infection. 

Cough with those two drugs are probably associated with their indications, 

asthma and chest infection, respectively, which are not shared by ACE-inhibitors 

where hypertension and cardiac fa ilure are major indications. 
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PEM may have some other limitations when obtaining the information on the 

explanatory factors . In PEM, study subjects are only those who have used one 

particular drug, and therefore, no information is available on the patients with no 

drug. Figure 27 shows the first monthly rates of headache with 41 PEM drugs. 

Headache is a common ADR and with 35 of 41 drugs (shown by closed columns}, 

headache is described as an ADR to the drug in the BNF61
. In such a case, the 

comparison of the rates (e.g., whether the rate is above or below the average) 

may be not useful in distinguishing whether or not 'headache' is an ADR to the 

drug. 

Some of those weaknesses inherent to PEM may be not a big problem in other 

observational studies based on hospital-based or regional database such as 

GPRD
4

·
5

. In such database, it may be easier to obtain the information on the 

concurrent control and patients with no drug. 

Opinions on the between-comparison of the crude rates within the DSRU 

The between-drug comparison of crude rates with various drugs seems to have 

been used rather routine ly in these two to three years in the DSRU. For 

example, in the ed itorial of an issue of Pharmacoepidemiology and Drug Safety 

presenting 10 PEM studies on various drugs, Dr. RD. Mann, the editor of the 

journal and the director of the DSRU since January 1994 listed the rates of 

cough for top 5 drugs among 39 drugs to indicate the relationship between 

ACE-inhibitors and cough 148
. Five drugs include three ACE-inhibitors 

(enalapril , lisinopril and ramipril} , cefixime and nedocromi l (see Figure 26 as 

well). Similarly, ranking (top five drugs) is shown for many events in the PEM 

report on salmeterol prepared in July 199496 which is also published in Journal 

of Clinical Epidemiology in 199697
• In a recent paper on 5 antibiotics, the 

highest event rates among the 5 drugs are highlighted for several events51
• 

Between-drug comparison is mentioned as a potentially effective method to 

identify possible ADRs also by Professor Inman in some PEM reports30
·
81

. 

Experience with previously recognised acute adverse reactions 
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has shown that there is usually at least a threefold ifference 

between the first month rate and the rate in subsequent months 

of continued treatment with the same drug . This is also usually 

tr:ue when the first month rate is three or mor:e times higher 

than the pooled rate for the same event wi h other drugs . 

It seems that the opinion on the role of the between-drug comparison in the 

analysis of the PEM data has been not fixed within the DSRU. The opinion 

may have been altered within the individual researchers of the DSRU as well . 

However, the point that the between-drug comparison is sometimes very difficult 

so that one must be careful to employ this comparison to reach any reliable 

conclusion seems to have been eventually shared by all researchers in the 

DSRU. For instance, in the recent paper published from the DSRU more than 2 

years after Dr. Mann has taken over directorship, the following point is stressed 
by the current researchers of the DSRU51

: 

The limitations of PEM are that the statistical methods relevant 

to studies involving randomized allocation -o treatment are 

inappropriate and comparisons between drugs have , therefore , 
to be made with care. 

Role of the between-drug comparison in PEM 

Between-drug comparison needs a great care in PEM particularly when 

generating 'signals ' If the event is a known ADR to a drug, that drug may be 

excluded from the comparison, but the drugs to be excluded by this reason will 

differ between events analysed. The dependence of the incidence on age or 

sex may also differ between events. Cardiovascular events are in general 

closely associated with cardiovascular drugs while psychological events are 

associated with psychotropic drugs. Therefore, drugs which are associated 

with the indication may differ between events. Many factors produce various 

influences with a different pattern among drugs compared being dependent on 

the nature of the event analysed. Therefore, the between-drug comparison may 

not be regarded as a good means of screening a lot events to pick up possible 

ADRs_ It seems that in the DSRU the within-drug comparison has been 
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recognised as a better tool of screening a lot of events than the between-drug 

comparison though the issue is still under debate. The between-drug 

comparison may be more useful in scrutinising the possible ADRs pre-selected 

by the within-drug comparison or any other means. This will be particularly true 

if more information is available on the possible explanatory factors including 

concomitant diseases and severity of the indication. 
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Appendix 6 

Within-drug comparison as a method for the initial screening 
in PEM 

ADRs expected to be detected by PEM 

In some textbook
3

, PEM is evaluated as a system suitable for hypothesis-testing 

or strengthening rather than that for hypothesis-generating. It is true that the 

limitation exists in hypothesis-generating function of PEM. For instance, the 

green form is not sent to doctors until some fixed period (usually 6 to 12 months) 

after the patient begins to use the drug. Many of frequent ADRs are expected 

to be detected in the pre-marketing stage. If a doctor suspects an ADR so far 

unrecognised and reports it immediately to VRS in early postmarketing phase, 

this action will precede the date when the first questionnaire on that drug is sent 
back to the DSRU. 

Nevertheless, PEM does have a hypothesis-generating function and is expected 

to exert this function particularly under some specific situation where an ADR 

which is not rare is not observed and/or missed in both of the pre-marketing 

studies and VRS in the early postmarketing phase. Although the amount of the 

information on the individual patients is relatively small in PEM as compared to 

that in GPRD
4

·
5 

or databases in HMOs in the US6
·
7

, PEM has a unique feature 

that it can identify large number of patients relatively quickly so that more than 

10,000 valid answers can be obtained on average within 2 years after the drug is 

marketed_ Before the results are published, a preliminary report is made and 

circulated to relevant bodies such as the regulatory agency or pharmaceutical 

company within the first 6 months or even within shorter time period (e.g., 3 

months) after receiving questionnaires sent back from GPs, though it depends 

on the magnitude of the drug use in the market. What PEM can do and is 

expected to do is, first of all , to overview or screen events reported from general 

practitioners carefully but quickly and not to miss any serious problems 

particularly those problems not having been identified or confirmed in the pre

marketing stage as well as early postmarketing phase_ Before mentioning the 

method of screening events used in PEM, it may be important to consider what 
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type of ADRs are expected to be detected by PEM 

There are at least five factors relevant to the problem when and by which means 

an ADR is suspected for the first time. The first factor is the magnitude of the 

rate. According to Jick149
, the rate of drug-induced illness may be classified as 

'high' which is > 1/200/year (0.5% per year), 'intermediate', and 'low' which is< 

1/10,000/year (0.01 %per year). Most ADRs with the high rate is expected to 

be detected in the pre-marketing stage. If PEM detects new ADRs, the rate will 

be 'intermediate' or 'high' because a study on around 10,000 patients is usually 

unabale to detect an ADR with the rate which is ' low'. On the other hand, the 

rate of serious 'type B' ADRs are often 'low'99
. This problem has been 

illuminated by Venning already in 1983 as follows in a paper where how 18 

ADRs considered 'important' at that time are detected is addressed150
: 

---it seems that this (a cohort approach) would almost certainly 

have been ineffective for these serious adverse reactions 

unless cohort sizes in excess of 100 000 users had been followed 

up , including long tern\ observation in some instances . 

However, this conclusion may be oversimplified. Of 18 'important' ADRs which 

Venning selected in his paper150
, at least three reactions (dermatitis due to 

practolol and keratoconjunctivitis due to practolol and SMON due to clioquinol) 

were not so rare that generating hypotheses on those ADRs would have 

required a cohort study with a size in excess of 100,000 users. The rate of 

these 3 may be classified as 'intermediate' or even 'high'. For instance, it is 

described in his paper that some of practolol-associated problems might have 

been detected if adverse events as distinct from suspected adverse reactions 

during the clinical trials had been recorded as there was a significant increase in 

eye complaints during practolol treatment established by a later study of just 71 

patients 151
. 

The second factor may be the timing of onset of ADRs. Most pre-marketing 

clinical trials are conducted for short period only and therefore, late-onset ADRs 

may be not observed even if the rate is 'high'. The late-onset ADR has another 

problem that the relationship with the drug may be missed by doctors even if 

such a late-onset ADR does take place in individual patients as the drugs which 
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have been administered without problems for months are often excluded from 

the list of possible causative agents or mechanisms. Therefore, the chance is 

fair that a late-onset ADR is missed by VRS. 

The third factor is whether an ADR occurs in some specific risk groups. If 

patients with some specific risk factors (age, sex, concomitant disease, use of 

co-medications which may interact with the drug of interest, etc.) are excluded 

from the pre-marketing clinical trials, this ADR may be observed only in the 

postmarketing phase where the rate of such ADRs may be 'high'. 

The fourth factor is whether or not an ADR is unique. If an ADR is difficult to be 

distinguished from commonplace illnesses as with psoriasis-like eruption and 

dry eye induced by practolol9
'
11

, the reaction may be easily missed. 

The fifth factor is whether or not an ADR is difficult to be distinguished from 

events occurring often as a consequence of the indication of the drug. For 

instance, cough induced by an ACE inhibitor is difficult to be distinguished from 

that due to heart failure which is one of the major indications of the drugn 

ADRs expected to be detected by PEM may therefore include: a) ADRs with the 

'intermediate' rate particularly when the reaction is difficult to recognise (e.g., 

mimicking commonplace illnesses or occurring often as a consequence of the 

indication} , b) ADRs occurring in specific risk groups particularly when the 

reaction is difficult to recognise and c) late-onset ADRs. Some comments 

may be added to the late-onset ADRs. As discussed above, the late-onset 

ADR has a fair chance not to be observed in the pre-marketing stage and 

missed in early postmarketing phase even if the rate is high. When a late

onset ADR which is not trivial nor rare is missed for long, it may result in a 

disaster as with practolol syndrome or SMON. Nevertheless, as shown in the 

'results' section in the text, all known ADRs with the rate more than 1.8 % per six 

months to 24 drugs examined in this thesis have a feature that the rate in the 

first month is larger than the monthly rate in the subsequent 5 months. This 

indicates that the late-onset ADR, particularly that with a high rate, is rather an 

exceptiona l phenomenon. It is of note that whether or not the method of 

comparing the first monthly rate with that in the subsequent 5 months examined 

in this thesis is effective in picking up the late-onset ADRs has been unknown 



-299-

because the DSRU has not encountered many late-onset ADRs. In any case, 

the DSRU must be always alert to the possibility that any event coded 

preferentially in the late months is in fact a late-onset ADR. 

Screening possible ADRs 

To detect ADRs or generate a hypothesis, an examination by the experienced 

persons' eye is very important. However, various kinds of events are reported 

in one PEM study so that some algorithm or mechanical procedure may be 

helpful if it can pick up possible ADRs which will be then further examined to 

clarify whether there is any possibility that the event is an ADR. For instance, 

events which are by nature serious and often caused by a drug (e.g., some 

haematological events such as aplastic anaemia or agranulocytosis) may 

require further examination and follow-up even if just one case is reported. 

This procedure has been employed since early PEM studies though not 

systematically. For instance, particular attention has been paid to some 

important events (aplastic anaemia, leucopenia and thrombocytopenia, etc.) in 

early PEM studies
71

'
86

• However, it is since 1994 to 1995 that the list of 'serious 

events' used in the 'Yellow Card Scheme' operated by the CSM has been also 

used in PEM where those who code events in the DSRU watch whether any of 

reported events is one of the terms in the list so that serious events are 

immediately forwarded to researchers to urge a prompt and proper action (e.g., 

further enquiry). 

However, the follow-up study is expensive and time-consuming_ In addition, 

the extent of extra work accepted by doctors is limited. Therefore, the detailed 

examination of individual cases is possible only for a restricted number of 

patients with selected events. There is a need to develop other means which 

efficiently pick up possible A DRs irrespective of whether the event is serious or 

whether it is thought to be an ADR by doctors. 

'On' vs 'off comparison in PEM 

One of the oldest ways used in PEM to find possible ADRs was to compare the 
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rate during the 'on' period when the patient continued the drug with the rate 

during the 'off' period when the patient had no longer taken the drug. The basic 

logic is similar to that in a cross-over study where each patient serves as his own 

control. The comparison was used for example in the early PEM studies on 5 

NSAIDs, benoxaprofen, fenbufen, zomepirac, piroxicam and 'Osmosin' 

(indomethasin)
109

. Some ADRs were illuminated as those with the high 'on' 

rate as compared with the 'off' rate. For instance, when expressed as 'per 1000 

patient-years', benoxaprofen showed the 'on' rate of 109 and 'off rate of 2 for 

photosensitivity while both of the 'on' and 'off' rates with other 4 drugs were 5 or 

less 10
9_ Similarly, indomethacin had the 'on' rate of 71 and 'off' rate of 20 per 

1000 patient-years for headache while both 'on' and 'off' rates for other 4 drugs 

were 18 per 1000 patient-years or less. Similar comparisons between the rates 

during 'on' and 'off' periods were employed in two other papers on the PEM 

studies of diltiazem7 1 and nabumetone86 published in 1990 where the ratio of the 

'on' to 'off rates was also shown for selected events though no criterion about 

what ra tio would be critical was presented. 

The method of 'on' vs 'off' comparison has been however abandoned at least 

because of two major reasons. One is described in a paper on PEM study of 

fluvoxamine as follows 40
: 

In previous studies we compared the freque ncy of. even s 

occurring during treatment with the frequency of events during 

the follow-up period . A limitation of this comparison is that , 

after treatment , patients attend their Gl?s less often and th e re 

are therefore fewer opportunities for the doctors to ask about 

their health and to record events . 

The problem addressed here is that of reporting bias. Soon after a newly 

marketed drug is prescribed to a patient, both the doctor and patient will watch 

carefully what happens to the patient and there could be a large chance that 

every problem including minor one is recorded in the patient's notes. After the 

drug is stopped, attention may be not paid particularly to minor events and a 

chance that the event is recorded is decreased. In other words, the 'off' rate 

can be much smaller than the 'on' rate even if there is no real decrease in the 

rate and too many events which are in fact not associated with the drug may be 
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picked up if the ratio of the 'on' rate to 'off' rate is used. As long as I know, th is 

problem was the major direct reason making Professor Inman give up the use of 

the 'on' vs . 'off' comparison. I believe that another reason raised later was not 

the direct driving force to make him abandon the 'on' vs 'off' comparison. 

Another reason is described in a PEM report prepared in house in the DSRU in 

January 1995 after he has retired from the DSRU in January 1994 as fol lows 152
: 

In the pas we have attempted to signal possible adverse 

reactions by comparing the frequency of events that occur during 

treatment with the frequency in the same patients after they 

have stopped treatment . Amajor: flaw in this comparison is that 

the treatment group includes patients who remain on treatment 

throughout the study period. They contribute no untreated or 

'control ' experience and they are the least li.kely to have 

experienced side-effects. A better comparison might be to 

compare the 'on' and 'off' treatment period only in those who had 

contributed roughly equal periods of event experience during 

('on') and after stopping ('off') the drug . 

The patients who continue to use the drug for the whole observation period are 

likely to differ from those who stopped the drug during the early period of 

treatment. The diagnosis would be likely to be correct in the patients who can 

benefit from the long use of the drug. The patients who use the drug for long 

period may be also characterised as those having experienced no serious or 

troublesome ADRs during the treatment. If the diagnosis was incorrect and the 

use of the drug was proven to be inappropriate, the patient might stop the drug 

early. Those who experienced ADRs may also stop the drug early. Therefore, 

the two rates to be compared cannot be considered to have been measured in 

the same population 

Though the 'on' vs 'off' comparison has been no longer employed since 1993, 

the use of this comparison could be reasonable and efficient particularly for the 

drug which is used normally for short period only (for example just 7 days) such 

as antibiotics. For such drugs, two mechanisms given above which may 

become obstacles to the use of 'on' vs 'off' comparison may be not problematic. 

When the drug is used just for days, both the doctor and patient may still 
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carefully watch what happens even after stopping the drug and the information 

during the 'off' period may be more reliable. In addition, the information can be 

obtained for both 'on' and 'off' periods for almost all patients when the drug is 

used only for short period. However, if the drug is used for a short period only, 

some days after stopping the drug may be included into the 'on' period. This is 

because some ADR may appear only certain period (days or even weeks) after 

starting the drug and if the drug is used for few days, a chance is high that the 

ADR appears after the drug is stopped. 

Comparison between the rate in the first month (T1 l and that in the subsequent 
months (T2l 

The idea of the use of the comparison between the event rate in the first month 

after the first prescription of the drug and that measured in subsequent months 

is probably not very new. For instance, in a paper on the methodology of PEM 

published in 1990, Rawson, Pearce and Inman wrote as follows mentioning the 
PEM study on enalapril41

: 

Trends across the 12 months can also be assessed on a 

month-by-month basis . For example , the high rates of dizziness 

and headache occurring during the first month after the initial 

prescription as compared with those recorded during the 

subsequent 11 months are illustrated in ---

In this description, it is emphasised that some ADRs have the pattern that the 

first monthly rate is much higher than the monthly rate in subsequent months. 

In fact, the difference between these two rates (i.e., the first monthly rate and the 

monthly rate in subsequent 11 months) and 99 % confidence interval for the 

difference were already given in the paper on enalapril published in BMJ in 
198876

. 

To compare the rate in the first month with that in the succeeding months, it is of 

critical importance to know when the prescription has been issued for the first 

time. In PEM, this information is relatively reliable because of several reasons. 

Each PEM study is conducted soon after a new drug is marketed. The first 
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prescription cannot be issued before the date of marketing. An effort is made 

to identify the first prescription prescribed to each patient. In the questionnaire 

sent to doctors, they are asked to give the date of the first prescription and if the 

date reported is earlier than the date of the first prescription already confirmed in 

the DSRU, the date is corrected as that reported. If the date reported by the 

doctor is later than the date of the first prescription already confirmed in the 

DSRU, the latter is used because it is likely that the date reported by the doctor 

is by some reason incorrect in such a case. In addition, the date of the first 

prescription is known for all of the patients because at least one prescription , 

where the date is an essential feature, should have been found before a patient 
is identified. 

The first of the series of reports on PEM studies where the comparison between 

the rates in two periods is used as a main method to pick up possible ADRs is 

that reporting the results of the PEM study of fluvoxamine40
• Though this paper 

is published in 1994 apparently later than a series of 10 papers on other PEM 

studies published in Pharmacoepidemiology and Drug Safety in 199330
.
39

, the 

method used may be rated as the 'first version ' of the method. In the report on 

the PEM study of fluvoxamine, Edwards, Inman, Wilton and Pearce wrote40
: 

--- we have progressed in this study to the method of comparing 

the rates of events during the first month of treatment with 

the mean rates for the second to sixth month of treatment . 

Practical experience of more than 20 drugs has shown that , 

provided the rate during the first month is l or more per 1000 

patients and the month 1 : 2-6 rate ratio is 3 or more , almost 

all recognised adverse reactions are signalled . Some events 

that are probably drug-related have been signalled by ratios 

of 2. 5 or more , but with lower ra io it is generally not possible 

to confirm a cause and effect relationship . 

In this report , both of the first monthly rate (T1) and the month ly rate in 

subsequent months (T2) were estimated in the patients treated by the drug. In 

other words after the patient stopped the drug, the event was not counted and 

the duration under observation was not included in the denominator to estimate 

the event rate_ When translated into the wording used in the statistics, the 
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patient is regarded 'censored '153
'
154 when the patient stops the drug even if the 

patient is still observed. 

It may be of note that the rate during the second period (T2) was calculated 

using the data during the five months (i .e., from the second to sixth month) in this 

report
40 

but not during the 11 months (i. e., from the second to twelfth month) as 

in the report on the PEM study of enalapril 76
. The reason why the method of 

calculation has been altered is not mentioned explicitly in any publication, but, 

the reason is probably the same as the first of the two reasons why the 'on' vs 

'off' comparison has been abandoned as given above; i.e., the information long 

after the first prescription is issued to the patient will become less reliable. 

The way of calculating the first monthly rate (T1) and the monthly rate in 

subsequent months (T2) has been further altered soon. In the 'second version ' 

of the method, similar to the 'first version ' of the method, the rate during the first 

month (T1) and the monthly rate during the subsequent 5 months (T2) were 

estimated but done so irrespective of whether or not treatment had been 

continued30 In other words, the patient is 'censored' only when the patient is 

lost to follow-up or no longer under observation by the doctor. During the first 

six months, the patient is normally not 'censored' because the questionnaire is 

sent 6 to 12 months after the first prescription of the drug so that in almost all 

PEM studies, every patient is observed at least for 6 months. Therefore, if the 

rates are compared between the patients irrespective of whether or not 

treatment has been continued, the comparison is done within the same 

population. The reason why the definition of denominator has been changed is 

also not given explicitly in any publication but there seem to be at least two 

major reasons. The first reason is the same as that give as the second of the 

two reasons why the 'on' vs 'off' comparison has been abandoned. The profiles 

of the population who continue to use the drug will change with time (because 

patients may stop the drug early when they have some specific reasons such as 

misdiagnosis) so that the two rates (T1 and T2) may be estimated in the 

populations with different profiles. The second reason is associated with the 

estimation of the background rate. If the event is not associated with either of 

the drug or indication, the event rate may be used to estimate the 'background' 

rate. In such a case, there is no reason to exclude those not treated by the 

drug. Particularly when the population who continue to use the drug shrink 
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rapidly, the rate may be less reliable when estimated in the population treated by 
the drug. 

Some confusion about the estimation of the rate ratio 

After the 'second version' of the method of comparison of the two rates (T1 and 

T2) is used, the method has been explained in the PEM reports as follows30
: 

Adverse reactions tend to occur early , most corrunonly during the 

first month after the initial prescrip ion . Although many 

different comparisons are possible , one of the most useful is 

the comparison of the rates of events during the first month 

of treatment with the rates for the same events during Lbe 

subsequen follow-up period , irrespective of whether or not 

treatment is continued . ----Experience has shown h.at , where 

the rate ratios exceed 3 . 0, the even s are either the result 

of a reaction to the drug , or a sign or symptom of the disorder 

being treated . Sometimes , the rate during the period T2 is 

reduced as a result of successful treattnent. for Example the 

fre quency of headache may diminish as a response to an analgesic. 

At least during some days of the first period where the first monthly rate (T1) is 

estimated, the patient used the drug, and particularly when the drug is normally 

used for a long period , the decrease in the population who continue to use the 

drug is not remarkable during the first month. When the rate estimated in the 

subsequent months (T2) estimated irrespective of whether the treatment is 

continued is smaller than T1 , there could be two main mechanisms accounting 

for this reduction. The rates of some events including acute ADRs may 

decrease as time elapses even if all of the patients continue to use the drug unti I 

the last day of the second period. However, other mechanism can underlie the 

decrease in the event rate. Even if the rate of the event does not change with 

time provided that the patient continues the drug , T2 could be smaller than T1 if 

the event does not occur after stopping the drug and if the substantial fraction of 

the patients have stopped the drug during the early period. In th is case , the 

magnitude of the decrease in the rate would be dependent on the fraction of the 
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patients who stopped the drug early during treatment. If the second 

mechanism prevails, the rate ratio of T1 to T2 is determined by factors which are 

not necessarily inherent to the drug effect. The duration of drug treatment may 

be dependent on how the patients were selected. For instance, average years 

of the disease before treatment, severity of disease and/or concurrent illnesses 

may affect the average duration of treatment and those factors may be in tern 

determined by other issues such as whether other drugs of the same class have 

been already available in the market. The duration of treatment may be also 

dependent on some A DRs of the drug unrelated to the event of interest if one of 

such ADRs could make many patients stop the drug early during the treatment. 

In many cases , it is likely that the rate ratio of T1 to T2 is in fact determined by 

both of the above two mechanisms, the rate ratio inherent to the drug which 

would be observed in the population where all patients use the drug till the last 

day of observation , and, the duration of treatment. However, at least when the 

method was advocated for the first time, it was probably assumed that the 

method would apply to the rate ratio inherent to the drug only and the method 

was not employed unless it was found that certain fraction of patients continued 

the drug for long period. For instance, of the 10 PEM reports published in 1993 

in Pharmacoepidemiology and Drug Safetl0.
39

, the rate ratio method is used 

only in the six reports while in the three reports on antiinfectives (fluconazole, 

itraconazole and ciprofloxacin}32
'
33

'
36 and one on a hypnotic, zopiclone39 which 

may be used intermittently by the patients, the method is not employed. 

Later, after Professor Inman retired, the method was modified and used for 

antiinfectives
51

. For most antiinfectives studied and analysed in PEM, the 

duration of treatment was 7 days or less. The comparison has been done 

using the rate in the first week rather than first month and that in the subsequent 

5 weeks rather than 5 months. This new method divides the period of study 

into the first period which includes almost all patients treated by the drug and the 

second period where almost all patients are not treated by the drug. The 

results of the comparison between this new method of analysing weekly rates 

and the 'conventional' method of analysing monthly rates are shown in Tables 

34-36 in this thesis. 
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Appendix 7 

Comparison between T1 and T2: A guidepost but not a proof 

Statistical test and rate ratio method 

In 1990 Rawson , Pearce and Inman wrote41
: 

Classical statistical significance tests do not have a major 

role to play in such analyses (comparison between Tl and T2) 

because due to the nature of PEM (the DSRU cannot decide which 

pa ients are to take which drugs or for how long) there are , 

as discussed above , several potential biases (e . g ., surgery 

attendance , non-response and recording iases) and confounders 

(e . g ., different indications .for treatment and substitute or 

concomitant therapy) which may affect the quality of the data . 

In such situations, frequentist statis ical me hods are 

inappropriate because the underlying assumptions made about the 

procedures used to collect the data are invalid . --- The 

medical significance and interpretation of PEM data are more 

impor ant lhan statistical significance . --- i.f false alarms 

are not to be raised , an exarnlna tion of s ta tis tical significance 

alone is insufficient . 

Not just in PEM but in epidemiology in general the indiscriminate use of 

statistical significance test has been warned . For example, Clayton and Hills 

described52
: 

In epidemiology , which is no an experimental sciences the 

usefulness of the idea (o.f statistical significance test) has 

been particularly questioned . Undoubtedly the idea of 

statis ical significance testing has been overused , al the 

expense of the more useful procedures for estimation of 

parameters 
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Indeed in the PEM report of enalapril76 and in the recent report by Rawson 155
, the 

confidence interval of the difference of the rates (T1 and T2) are shown but no 

statistical significance test has been employed. 

However, it seems that the problem encountered in the analysis of the PEM 

study is not so simple that every difficulty is settled just by precluding the 

statistical significance test. If one or a few events have been already selected 

as those to be studied more in depth and if the statistical significant test is 

inappropriate, the test may be simply avoided. However, in the first step of 

analysis, some events which are possible ADRs need to be selected for further 

study. When the number of the PEM studies to be analysed is increased to 

make the researchers very busy while a lot of events have been coded in each 

study, the use of some algorithm or mechanical procedure to select possible 

ADRs is mandatory as manual handling of large amount of data is mistakable 

and some automatic method will be, if used judiciously as an adjunct to other 

methods, of great help not to miss any serious problems. Indeed 10 PEM 

reports published in Pharmacoepidemiology and Drug Safety in 199330
-
39 would 

be impossible without a computer calculation scheme to select events which 

have the rate ratio of 2.5 or more. Nevertheless, in exactly the same context as 

that which warns the use of the statistical significant test in PEM41
, the use of 2.5 

or 3.0 as critical value could be crit icised to be one which is dangerous. Due to 

the nature of PEM, the medical significance and interpretation of PEM data are 

more important than the rule of '3.0' and the overuse of such criteria may be 
misleading. 

The empirical rule of thumb of critical rate ratio '3.0' (or '2.5') and the statistical 

test share some common features. Both are used for judgement and the critical 

criteria conventionally used (e.g., rate ratio 3.0 or p value 0.01) are arbitrary. In 

fact the rate ratio method and statistical significant test is mutually translatable 

as shown in the 'methodology' and 'results' sections. If some fixed value of 

'3.0' or '2.5' is used, the criterion of '3.0' or '2.5' corresponds to the statistical test 

using various p values. If a fixed p value is used such as p ;;> 0.01, this test 

corresponds to the various critical values of the rate ratio. Both can pick up 

events for further study and events selected by one method may overlap with 

those by the other method but both suffer from the problems inherent to the 

nature of PEM. One must be very careful to examine the possibility that events 



not picked up by any method are in fact an ADR. In this regard , both methods 

may be used simultaneously as one method may pick up the event which may be 

not picked up by the other method as shown in the 'results' section. It is of note 

that some of frequent known ADRs are missed when only the rate ratio method 

is used (see the 'results' section). 

Comparison between T1 and T2 is a guidepost but not a proof of an ADR 

The comparison between T1 and T2 is an index to be used to find possible 

ADRs but it does not serve as evidence to support any causal relationship 

between the drug and event. The comparison between T1 and T2 is 

associated with time-lag or 'incubation period' between the start of exposure and 

occurrence of the event which is however not an essential aspect of the causa l 

relationship. For instance, Fletcher et al. raise 1) temporality, 2) strength, 3) 

dose-response, 4) reversibility , 5) consistency, 6) plausibility, 7) specificity and 

8) analogy as aspects important in evaluating the causal relationship 156
. 

Though different authors raise somewhat different aspects as important 

ones21
·
117

•
157

-
159

, time-lag or 'incubation period' is never considered to be 

essential for the evaluation of the causal relationship. The between-drug 

comparison (related to 'strength ' above) and the 'on' vs 'off' comparison (related 

to 'reversibility' above) may serve as a piece of evidence to support the 

relationship. For instance, if an event occurs in the patients who take a 

particular drug while no event occurs in the patients who do not take that drug, 

this may be raised as evidence to support a possible causal relationship. This 

is particularly so if factors other than the drug are controlled. Even if they are 

not controlled, the magnitude of the possibility that the event is an ADR will be 

increased when there is plenty of evidence showing that any other factors are 

unlikely to explain such difference observed between drugs. Similarly, if the 

event occurs only during patients take the drug but no event occurs during they 

do not, this may be also widely recognised to be some evidence to support the 

relationship between the drug and event particularly if other explanation is hard 

to exist. The dependence of the rate with dose is another evidence to support 

a causal relationship (i .e., 'dose-response' above). 

As shown in the 'results' section , the comparison of T1 and T2 does pick up 



events which have been proven to be an ADR effectively. However, It may be 

realised that once events are selected as possible ADRs by the comparison 

between T1 and T2 irrespective of whether the method used is the rule of thumb 

of '3.0' or statistical test, this possibility should be further examined by one or 

more of the other methods which provide more direct evidence to support the 

causal relationship. 
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I EVENT 

34 Folliculilis 
35 Granuloma 
~ Granuloma annulare __ 
~Granuloma E)'~ __ _ 

~ ~~:~!~:~~0~:, --- --
40 Hair change ___ _ 

~ ~=:~:~~~own __ _ 
~ Henoch·Schonlein ~Eura 
~~ressim~ 
~ t-!~rpes zest~ _ 
~ [iirsutism 
~ !:!Xperkeratosis ___ _ 

4H Hyperkeralosis@~-----

f

~~~ROSACEA 
ALOPECIA 
ATROPHYSKIN 
CYST SEBACEOUS 
DARIERS DISEASE 
DERMATITIS 
~~MI\TITIS CONTACT 
DRY Sl2!'!_ 

I ~g~~~~ ATOPIC--
INTERTRIGO -

-~DERMATITIS 
POMPHOLYX 
ECZEMA VARICOSE 

BLISTER 
DERMATITIS HERPETIFO 
BULLOUS ERUPTION 
PEMPHIGOID 
PEMPHIGUS-
ERYTHEMA 
ERYTHEMA MULTIFORME 
ERY!_HEMA NODOSUM 

DERMATTfiSEXFOL 
ERYTHRODERMA 

- ERYfRROMEiJiLGIA __ _ 

- FIXED ERUPTION--
-- f6I"UCUUTIS 

GRANULOMA 
- GRANULOMAANNULARE 
~~NULoMA PYOGEmc
GRANULOMATOSIS 
HAEMIITOMiiNAIT. -

- ~~~~~O~NG 
HAIRL6s_s __ 

- HENOCH-SCH PURPURA 
HERPES S IMPLEX 1 
HERPES ZOSTER -
HIRSUTISM-

HYPERKERATOSIS 
ICHTHYOSiS ~~~~ ---50 Pityriasis _ _ ___ _ --* ~b~spec~bact~ PITY RIA~ 

__g.;_ Cellulitis ___ _ 
5-1 Erysipelas 

~~~~ 
~ ParonyChia 

58 SYcosis barbae 
59 leprosy 

ABSCESS SKIN 
- CELLUL~ 

ERYSiPELAS-
IMPETIGO 
INFECTION SKIN 
PARONYCHiA 

rsicos1s BARBAI 
LEPROSY -
LICE 
LICHEN PLANUS 
LlCHEN SCLEROSIS 
LUPUS D ISCOID 

_ MOLLUScUM CONTAG 

-_ ~r:wcHrA 
NAIL CHANGE 
NAIL INGROWiNG 
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G 
G 
F 
F 
F 
F 
F 
F 
F 

G 
G 
G 
G 
G 
F 

G 
G 
G 
G 
G 
F 
F 
F 

G 

~ 
.t 

- .t-
rt. 
F 
f 
F 
F --
F 
F 
F 
F 

I~ 
F 
F 
F 

G 
G 
G 

IG 
G 
G 
G 

-~ 
G 
F 
F 
F 
F 
F 
F 

G 
G 
G 



A 8 c 
69 Onychia ONYCHIA G 
70 Onychogryphos1s 

-
~OGRYPHO~s _ G 

f-1l--~chol sis ----
ONYCHOLYSIS G 

12 On~chomxcosis ONYCHOMYCOSIS F 
7J Photosensitivity PHOTOSENS F 
7~ ?fomentation PiGMENTATION F 
75 Pressure sore -- ~RESORE F f-16 Pruritus --- -

'"it Pruritus@ PRURITUS G fiir Pruritus ani - ---
PRURYFUS ANI G 

79 Pruritus vulvae 
- PRURITUS VULVAE G ffo- Psoriasis -

~S~IA§~S F f-jff- Puroura ___ 
PURPURA F 

~ ~~rma g~grenosum PVODER-MA G~NGF<_ENOSUM F 

~ Rash -- RASH - - ~ 84 Rhino(?:h~ma ---- RHINOPHYMA I~ 
~ Scabies SCABIES F 

86 Scarlet fever SCARLATINA F 
81 Scleroderma F 
88 Scleroderma@_ SCLERODERMA 
89 Scleroderma [F) sclERODERMAIFJ 

~ Seborrhoea 

~ Dandruff DANDRUFF G 
Seborrhoea@ - ~~~()~RHOEA G 

~ Sezarv syndrome 

~~"C':~LONIDAL - F 
9~ Sinus pilonidal- F 

~ Soreskin -- -- -
SORE SKIN F 

96 Stevens-Johnson ~drome STEVENSJOHN-SON - F 
97 Tinea TiNEA F fiif Uicer skin 

---
ULCER SKIN F 

~ Ulcer varicose ULCERVARICOSE F 
l-fO'o Ulcer variCose haemorrhaglc 

-
ULCER VARICOSE HAEM F 1-ffi' Urticaria - ~ URTiCARIA - F 

~ \iiiffig_o ___ 
VITILIGO 

---
~ rJ_i!,1_ Weber -Christian disease WEBER-CHRISTIA!:!._ F 

~ 
Musculoskeletal 
Abscess muscle ABSCESS MUSCLE F f-fffi[ Amyotrop~iabetic AMYOTROPHY DIABETIC F flo7 ArthritiS - ARTHRITIS F 

~ l~o~ ARTHRffiS PSORIATIC F 

~ Arthritis rheumatoid --110 Arthritis rheumatoid " G 

ri# Arthritis rheumatoi~ ARTHRITISRHEUM -Arthritis rheumaloid[Fj ARTHRITIS RH§l!_M[F] f-jf:f Feitv's s'(ndrome - FELTYS G 
~ Still's disease - STILLS -- G 

~ Atrophy muscle ATROPHYNlUSCL_E ___ F 
116 Bone abnormal f"!_O NE ABNORMAL F f-lit Bursitis ----

---m- BursitiS_@ ___ 
BURSITIS G t:!jt Bursitis kne;;-- BUR SITIS KNEE I~ 120 Bursitis olecranon BURSITIS OLECRANON ~ 1-ffi- Bursitis toe BURSITIS TOE G f-fu- Calcaneal s~ CALCANEAL SPUR F f-fu Capsulilis CAPSULITIS -- F 

~ ~ondrocalcinosis :t~ONDRoc~CiNOS IS F 
125 Chondromalacia --- CHONDROMALACIA it. 126 g~f~ ERA~ F 1-ffi - ~~s6 ~:~~~SElJ F 
128 Disc rota sed F 
129 Dupuytren's contracture 5DPUYTRENS - F 
IJO Effusion 'oint EFFUSION JOINT F 
IJI Ehlers-Danlos syndrome EHLERS-DANLos F 
IJZ Exostosis heel - EXOSTOSIS HEEL F 
13J Fracture spontaneous - WAtfUR"E SPONT F 
134 Frozen shoulder -- ~~HOULDER - ~ IJ5 Ganalion GANGliON F 
136 Haernarthrosis HAEMARTHROSIS F 
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A 8 c 
137 Infection bone INFECTION BONE F 

138 Lumba~o LUMBAGO F 
139 Muscle weakness MUSCLE WEAKNESS _ f. 
~ Muscular dystroehy _ F 

~ Musculard~~~ --- - MUSCULAR DYSTROPHY 

142 Muscular dystroeh~[Fj : MUSCULAR O'f§TROPH(8 
143 Mval ia MYALGIA -- F 

114 M~asthenia gravis MYASTHENIAGRAiifS F 

~ Myoeath~ 
-- MYOPATH_Y ___ F 

146 Myositis 
--------- MYOSITIS F 

~ ecrosis bone ---- l'!R~SIS BONE F 

148 Nerve entraement - CARPAlTUNNEL 
~ ~~tunnel s~ndrome G 

150 Nerve entrapment@ 
--- ~ENTRAPMENT G 

fst Tarsal tunnel!Y._ndr~ - TARSAL T UNNEL G 

-ill- Osgood~Schlalter disease OSGOOD-SCHLATTER F 
Osteoarthritis ARTHRffisosTEO -- F 

~ Osteochondritis -
--- t'§tEOCHONDRITIS-- - ~ 

155 Osteochondrosis - OSTEOCH~DROSIS F 

156 Osteomyelitis F 

f--tW 1~-:elitis@ OSTEOMYELITiS 

iN OsteomY.elilis F -- q§TEOMYELITIS[F] 

159 Osteoporosis F 

-m- OsteOfl£fOsi~~ ---- OSTEOPOROSIS 
161 OsteoPorosis F) --- OSTEOPOROSIS(F( 

162 ::~ease PAGElS F 

-m- PAIN BACK f -m- Pain bone 
---- PAiN BONE F 

l65 Pain groin PAIN GRO!.f'l_ _ F 

~ Pain]~ 
--

-* Pain joint@ -- PAIN JOiNT - G 

Rheumatism RHEUMATISM G 

-m- Pain limb 
- PAINLIMB -- - F 

fifo Pilin neck PAiN NECK - F 

~ Plantar fasciitis 
-- ---

PLANTAR FASCIITIS F 

~ ~_!!9§. rheumatica-
- ---

POLYMYALGIA RHEUM F 
Reiter's Sy-ndrome ---

REITERS SYNDROME F 

~ Rotator cuff ROTATOR CUFF - F 
175 Sciatica 

---
SCIATICA F 

f-tif Scoliosis 
-- -- SCOLIOSIS 

-- F 
---

~ ~~c~ --
SPASM MUSCULAR F 

178 ~yl itis SPONDYLITIS- F 

tm: ~ndylitis ank losing ______ 
-- SPONDYLITIS ANKYL F 

~ ~litis cervical -- SPONDYLITIS CERVICAL F 

~ Spond~lollsthesis --- ---- sPoN5YL6iJSTHESTS -- F 

182 Spondvlosis --- SPONDYLOSIS F 

~ _§p~osis cervical SPONDYLOSIS CERVICAL F 

184 Swelling 'oint - - ~LING JOINT F 

185 Synovitis SYNOVITIS F 
186 Tendinitis fENBlNrfis F 

iW Tennis elbow - TENNIS ELWW 
-- F 

188 Tenosynovitis 
---- TENOSYNOVITIS F 

189 Tietze's syndrome 
- fiETZES -- - F 

190 Torticollis 
-- -- TORTICOLLIS F 

-m. Trigger finger TRIGGER RNGE_R __ F 

~ Tuberculosis bone - TB BONE - F 

~ ~~ ---
AGGRESSION F 

~ - AGITATION F 195 --- -
196 Alcoholism ---
197 Alcoholism# F -
198 Alcohol withdravtal ALCOHQ~ WITHDRAWAL G 

~ Alcoholism-;--- --
- G 

zoo Alcoholism@ -- ALCOHOLISM 

201 Alcoholism Fj __ -- ¥coHOLISM[~l 
202 Alcoholism acute -- ALCOHOLISM ACU~ G 

~ Alcoholism chronic· G 

204 ~iSm chroniC® 
--- ALCOHOLISM CHRONIC 
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205 Alcoholism chronJc{F) --- - ALCOHq),ISM CHRON(F) 
206 Anxiet~ 

~ 
Aerophagi_a __ AEROPHAGIA G 
Anxiely@ ANXIE~ G 

1-fojf Da Costa's syndrome DACOSTAS G 
'N }ty_eerventilation hy~terical - HYPERVENT HYSTERICAL G 

Tif ~xiet_tfdeeression 
--- ~~I(OTYIDEPR!'_SSION F 

f-ill Behaviour abnormal BEHAVIOUR ABNORMAL F ---
~ Cachexia - fcACHEXIA 

F 

~ Cachexia@ 
--

Cachexia F- - fEACHEXfA(FJ 
rtt Confusion CONFUSION ~ '#'1 Delusion 

--
DELUSIONS F 

-
218 Dementia 

tm Dementia#( FL._ 
1-

220 Alzheimer's disease· 
--- - G 

1--fz'i Alzheimer's disease~ 
- 1AL:zHEIMERS 

222 Alzheimer's disea~;fFt_ ALZHEIMERS[Fj_ 
Tzii Dementia@ DEMENTIA G 
1--ffi Dementia presenile ~ENTIA PRESENILE G 
liE Dementia senite· i3 

226 Dementia senile@ 1-oEMENTIA SENILE 
-

227 Dementia senile[ Fl._ DEMENTIA SENILE(~) 
ITzii Depersonalization [)EPERSONALIZA TION F 

229 ~ression 
'230 ..Q!fl...!_ession@ DEPRESSION G 
f-§f oeoression manic DEPRESSION MANIC G 

~ ~ression menoe__a~sai DEPRESSION MENOPAUSE G 
233 Depression ..P£S!~ta\ DEPRESSION POSTNATAL i3 
234 Dermatitis artefacta DERMATITIS ARTEFACT A F -
~ Dreams abnormal 1~NORMAL F 

236 Eating disorder 
ffJif Anorexia nervosa ANOREXIANERVOSA G 

238 Bulimia nervosa BULIMIA NERVOSA G 

~ §:!p~ 
EUPHORIA _ _ _ _ F 

240 Formication FORMICATION F 
~ Globus hVsterlcuS GLOBUS HYSTERICU_S __ F 
fili Grief reaction - ---

GRIEFREACTfOFr -- F 

~ Hallucination - - HALLUCINATIONS F 
Homicide 

---- HOMICIDE F 
245 H~eeractive 

---
HYPERACTIVE 

---- F 
246 .!::!_yoochondriasis HYPOCHONDRIASis F 

fifr- !:!Y.eomania - HYPOMANIA - F 
f-fu- Hvsteria 

-- HYSTERIA F 
249 Insomnia --- INSOMNIA F 

~ lrrita~ 
IRRITABILITY F 

Libido decreased 
--- ~DECREASED F 

f.& Malaise, lassitude 
f-ili- Lassitude 

---- LASSITUDE G 
254 Malaise MALAISE i3 - --
~ Mania -~ F 

Mood change 
'iiT Mood chan~ --- MOOD CHANGE G 

258 Mood swings MOOD SWINGS G 
'iW Neurosis --- ---- NEUROSIS - F 

260 Obsession/comeutsive 
--- ~ssi6NiC6Mi'DLSIVE F 

f-ili- Panic aHack 
--

PANIC ATTACK F 

fifr Paranoia PARANOiA F ---
263 Phobia 
264 Agpra,ehobia ~HOBIA G 

~ Cancer phobia 
- -- CANCER PHOBIA G 

f-266 Claustroehobia --- CLAUSTROPHOBIA G 

~ PhobiaJ1!1 PHOBIA G 
Pseudocyesis 

- - -
lf>SEUDOCYESIS F 

269 Ps~chosis 
----

~~~~ENIA 
F 

~ Schizophrenia F 

~ 
Self injury _ __ ---- ~LfTNJU~ F 
Senilltv F 
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273 Senilit~!!i) --- SENILITY 
274 Senilitl[FJ --- SENILiljJ[L __ 

~ Solvent abuse SOLVENT ABUSE F 
Somnambulism -------- --- SOMNAMBULISM F 276 

277 Suicidal thought SUICID~L THQUGHTS F rm SUiCide attem~l 1 drug overdose -279 Suicide attempt, drug overdose#lf] --- - -

280 Overdose· G 
2HI Overdose@ OVERDOSE 
282 Overdose[ F)_ OVERDOS~JFJ 

ifJ" Overdose other drug:__ ___ G 

~ Overdose other drug@ OVERDOSE OTHER DRUG 
Overdose other dru!ifF-) - OVERliOsEo'fHERDRUGiFl 

286 Overdose unknown drug· G 
287 Overdose unknown ~u_g~ OVERDOSE UNKNOWN DRUG 

~ Overdose unknown drug[F OVERDOSE UNKNOWN DRUG[FJ 
tc; 289 Suicideaiiemp-f - --

290 Suicide aller!!PL@ 
-

SUICIDE ATTEMPT 
29 1 _ Su3=id~t"'!)pl) FJ -- -~112.E A U:EMPT(FJ 

292 Suicide threat SUICIDE THREAT G m- Tics ____ 
TICS F 

294 Central and Peripheral Nervous System 
295 Abscess brain ABSCESS BRAIN F 
296 Amnesia AMNESIA F 

-Ws AE!hasia , dys~sia -
Aphasia APHASIA G 

""ffi" JSxsphasia DYSPHASIA G 
3oO Ataxia ATAXiA ( 

3ot ~~eb_Lbrain ATROPHY BRAIN F 
i&- Bell's~ BELLS PALSY F 
Tor Brown-Sequar~ndrom_e BROWN-SEQUARD F 
304 Burning sensation BURNING SENSATION F 

Tot Catalee_s ___ CATALEPSY F 
Jot Cerebral palsy CEREBRAL PALSY F 
iW ~ COMA ___ F ---308 Convulsion, ee_i~e~ 
309 Convulsio~pjlee_sy#(FJ -..m. Convulsion" G 
311 Convulsion@ CONVULSION 
312 Convulsion[F] cCSNVuiSi5N~ 

..m- -.Ee".e~sy_• G 
314 E ilepsy@ EPILEPSY 
31 5 E ilepsy(F] EPI LEPSY(F-J -- -

rill- Epilees~ grand mal EPILEPSY GRAND MAL G 
317 EpilepS)'jletit mal 

- EPILEPSY PETITMAL G 
318 Status eeileeticus· --- G 

rm. Status ~~~ticus@ STATUS EPILEPTIC US -
~ 

Status epileplicus(F) __ _ STATUS EPILEPTICUS]Fl_ 
Disorientation DISORIENTATION F 

fi22 DizzinesS DIZZINESS F 
323 Dr~p attack gRoP ATTACK_ F 
324 Drowsiness, sedatiOn 

~ Drowsiness --- 5R"owsiNE§s G 
326 Sedation SEDATION G --
327 Dysphonia DYSPHONIA-- F 
328 Electroencephalogram abnormal EEG ABNORMAL F 

fTzt Encephalitis ENCEPHALITIS _ - F 
330 Encephalopath~ ·-

F 
33 1 Encephalopathy@ - ENCEPHALOPATHY -332 EnceehatoeathliFI ENCEPHALOPATHY(FJ 
333 Extrapyramidal disease 
334 ~~~;i:midal disease#lFL___ ---
335 AKINESIA G 
336 Dystonia DYSTOm;;;- G 

-m ~yramidal d~as~@ EXTRAPYRAMIDAL - G 

~ Huntington's chorea --HUNT!NGTONSCHOREA ~ Movement involuntary MOVEMENT tNv6C G 
340 Parkinson's dtsease· ~-- G 
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HEMIPARESIS 
ii~MiPAAESISjf'J 

HEMIPLEGIA 
t=fEi,IIPLEGIA[FJ 

HYDROCEPHALUS 
HYDROCEPHALUS(F] 
LOST CONSCiOUSNESS 
MENINGISM -

MENINGITiS 
M~JNGIT~[Fl 
MENINGITIS VIRAL 
MOTION SICK 

MOTOR NEURONE 
MOTOR NEURoN~ 

G 

F 
F 
F 
F 
F 

F 

G 
G 
F 

F 

F 
F 

G 

G" 
F 
F 

F 
F 
F 
F 
F 
F 

MILLER FISHER G 
NEURITis PERJPH G 
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409 Sleep para! sis 
410 Smell. taste abnormal 
41 1 Anosmia 
112 Smell abnormal 

~sWc~'--
~§,y~~ --
416 Tremor 
417 Eye 
418 Amaurosis 

I-';.41;;:9+_,A~m_,a,u'!:ro"'s~is"'l'(iif. __ _ 
120 Amaurosis fugax 
~ Blepharitis 

4ZZ Blepharos~m 
423 Cataract ---
'i24 Choro1dilis 
425 Conjunctivitis 
~ Corneal dystro i1 
~~~ --
428 Dacryocystitis 
4Z!I Dry eye ---
430 Ectropion 
'1 31 Entrooion 

r-mE~'~ 
433 Exophthalmos 
434 Floaters 

149 Lacrimal swelling 
450 Lacrimation 
~ Macular degenerati£!L_ 
~ Nellritis OP-tic 
;$ Nystagmus 

454 OPtic atro~ 
-1 55 Pain exe 
~ Papilloedema 
~ £'hotoPhobia 
~ Pigment corneal 
~ Pinguecula 

~~~j~~ 

-317 -

SLEEP PARALYSIS 

ANOSMIA 

~b!INORMAL 
_ TASTE ABNORMAL 

SYNCOPE 
---= SYRiNGOMYELIA 

_ TREMOB 

AMAUROSIS 
_____ - ~~iSFUGAX 

~~~l*~ASM 
~~~~~IS-
CONJUNCTIVITIS 

-~L D'fSTROPHY 
CYST MEIBOMIAN 
DACRYOCYSTITiS 
DRY EYE 
ECTROPION 
ENTROPION 
EPfSClERITIS 
EXOPHTHALMOS -
FLOATERs
GLAUCOMA 
HAEM RETINAL 
HAEM su8c6NJ 
HAEM VITREOUS 

- HERPES OPHTHALMIC 
HORNERS 
INFECTION CORNEAL 
TRlDocvcU'fts 
IRITIS 
IRRITATION EY~ 
KERATITIS 
CONJUNCT PHLYCTENUL 
KERATOPATHY -
LACRIMAL BLOCK 
i:ACRT""tvii\L SWELLiNG 
LACRIMATION 
MACULAR DE~ 

- NEURiTiS oP'ffC 
NYSTAGMUS ---

- ---~OPHY __ _ 

PAIN EYE 
~BEMA 
1PHOTOPHOBIA 
'i'iGMENT CORNEAL 
PII'JGUECIJtA 
PT~ 
RETINAL DETACH 

46Z Retinal thrombosis a~ RETfNAITi-tR6M1i ART 
463 Retinal thrombosis vein -- RETINAL THROMB VEIN 
464 RetinopathY ---__ - ~JfNOPATHY -

~~:~~~~~~~~~~~~i~~~~--------------·- ~g~~~~~ 
467 Sore eve S~ 
468 Stve STYE 

t-ULCER CORNEAL ---=--~rns -471 Visual defect 
47Z Di lopia 
473 Hemianopia 
474 Vision deteriorated 
175 Vision fi~ 
476 Visual disturbance 
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477 Xanthelasma XANTHELASMA F -- --478 Xanthopsia XANTHOPS-IA ___ F ----
~ Ear 

- foEAFNEss-480 Deafness 
~ 181 Earache EARACHE-- F 

482 Eardrum ~rforation EARDRUM PERF F 
483 Earwax EARWAX ___ 

F 

~ Herpes zoster oticus 
-----

HERPES ZOSTER OffCUS F 
_ti_Y.peracusis - HYPERACUSis- F 'ifs- Labvrinthitis -- -------~jNTHITIS ~ 187 Mastoiditis -- ~~~T_91DiffS -- F 

188 Meniere's disease -- MENIERES F 

~ Otitis externa ~~ ~l<_TERNA F 

~ Otitis media - OTITIS MEDIA F 
Otorrhoea -

OTORRHOEA F 
192 Otosclerosis --

6TOSCLERoSTs F 
493 Tinnitus --

TINNITUS --
F 

...:!2.! Vertigo --- -
VERTIGO F 

-195 Cardiovascu---rar-
496 Aneurysm ---

-- -497 Aneur~F -498 Aneurysm aortic• G 
499 Aneurysm aortic@ -

ANEURYSM AORTIC 

~ _ Aneu~sm aortic[F) ANEURYS M AORfiC(Fl 
Aneurysm dissecting• G lfot ~eurysm diss~.Q_ng@__- ANEURYSM DISSECTING Tor Aneu!)!sm dissectin!11f! ANEURYSM DISSECTIB_ 

~ Aneu~sm arterial• G 
Aneurysm arteri~ ANEURYSMARTE~ 

506 Aneurvsm arterial FL ANE!,!!'YSM ARTERY(FL 

~ ~eurysm v~__!_rlc~-- G 
508 Aneur~sm ventricular@_ ANEURYSM VENTRIC 

~ Aneur sm ventricular F] ---- ANEURYSM VE~F]_ 
510 Aneurysm cerebral F tm Aneur~~ ANEURYSM CEREBRAL 
512 Aneu~sm cerebrai[F~ - ~NEURYSMCEREBRAL[FJ 
513 Arteriosclerosis 

~ ArteriosclerosisiF 
Arteriosclerosis@ ARTERIOSCLER-- G fiji- Atherosclerosis• -

G ftit Atherosclerosis@ ---
ATHEROSCLEROSIS 

518 Atherosclerosis FJ ATHEROSC LEROS IS[F) 
519 Arteriosclerosis cerebra! ---520 Arteriosclerosis cerebrai~{B fTzT Arteriosclerosis cerebral@ ARTERIOSCLER CEREB G 

~ Atherosclerosis cerebral" G 

~ Atherosclerosis cerebrci~ -- ATHEROSCLER CEREB 
524 Atherosclerosis cerebr~I[FJ ~OSCLER CEREB(F) 
525 Arteritis ARTERITIS F 
526 Arteritis temporal ARTEI_l.I"]"IS TE~PORAL F 
527 Cardiac arrest F 

~ Cardiac arrest@ --- CARDIAC ARREST 
529 Cardiac arrest F CARDIAC iiRRESf"F 
530 Cardiac failure 
531 Cardiac failure# Fl 

1-532 Cardiac failure• G 
533 Cardiac failurel.W: CARDIAC FAILURE 

~ Cardiac fallure!FJ ~ARDIAC FAILUR§f( 
535 Congestive cardiac failure· G 
536 Congestive cardiac failure@ __ ccr-

~-ill Congestive cardiac failu~FJ - 1-ii~FI I:J ---538 Left ventricular failure• G 
539 Left ventricular failure@ LV_F __ 

L-540 Left ventricular faHurefFI- 1M®_-- -
----

~ Cardiogenic shock --- F 
filj2 Cardiogenic shock@ CARDIOGENIC SHOCK 
543 Cardiogenic shock FJ - ~RDIOGENIC ~HO~K(CJ 
514 Cardiomeaaly CARDIOMEGALY F 
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5<15 Cardiomyopathy - 1--~ Cardromyopathy#(!'[ 
517 Cardiof!!~· 

-- r--- G 

5~8 CardiomyopathY._@ 
--- -

CARDIOMYOPATHY 

~ Cardiom~)'[ll_ 
--- ~YoPATHY[Fj -

550 Fibrosis mvocardlal " G 
- FiBROSIS MYOCARDIAL 551 Fibrosis mvocardial@__ ----

552 Fibrosis m~ocardialiFJ - ~~MYOCARD[IJ - G 553 Myocardial degeneration· 

~ Myocardial degeneration[FJ 
---

MYOCARDIAL DEG-EN[tj_ 

555 Myocard~is• ----
- G 

~ Myocardtt~@- MYOCARDITIS --
WoCARDITIS[Fj 

-rm- ~xocarditis[FJ -
558 Cerebrovascular accident ---
559 Cerebrovascular accident#(FJ 
560 Cerebro~vascular accident" G 

----
56 1 Cerebrovascular accident~ ~ 
562 Cerebrovascular accidentlEJ ~~If] ____ 
563 Embolus cerebral EMBOLUS CEREBRAL G 

ffGt Haemorrhage ceiebral" G 

l56t H aemorrha.ge cerebral@ HAEM CEREBRAL 
566 Haemorrhage cerebrallFL_____ HAEMCEREB~ 
567 Haemorrhage subarachnoid" G 
568 Haemorrhage su~~;- HAE M SUBARACH 
569 Haemorrhaae subarachnoid[F-1 -- - ):0~M ~U~~A~H['l__ 

~ Stenosis artery cerebral S_:rE"!QSIS ART CEREB G 
571 Thrombosis cerebral" - d 

~ Thrombosis cerebral@_ THROMBOSIS CEREBRAL 
573 Thrombosis cereb~J - THROMBOSIS CEREB[FJ 

~ f-::::.~.!!!!ebrobasilar syndrome VBS G 
575 Chilblain CHILBLAINS -- F 

~ Clu~ -- CLUBBING F 
f-571 Cold eXtremitles COLO EXTREMITIES F 

578 for pulmonale, hype11ension pulmonary_ -iff Cor pulmonale,.~sion pu_!mo~ry#jF] 
---

~ Cor pulmonate• G 

--* Cor eulmonale@ COR PULMONALE 

~ C~r.ulmonale[I'J --- COR PULMONALE[F[ 

~ ~pertension eutmonar • G-

5~ H~~rtension pulmonar~@ HYPERTENSION PULMON 
Ts Hypertension pulmonarv[IJ 

---
HYPERTENSIONPULMjFJ 

586 Cyanosis CYANOSIS F 
587 Cyst pericardia! - 1

£'r§T PERICARDIAL F 
588 Deep vein thrombosis F 

iW Deee vein thrombosis@ 
---

DVT --
590 Deep vein thromboslslEI oVf[Fl -
591 Disorders of heart rate 
592 Bradycardia ---- BRADYCARDIA G 

593 Tach cardia TACHYCA~ il 
-N Disorders of rh~thm 

--
595 Disorders of rhythm#!EL ---T96 Arrh}1hmia 

----
ARRHYTHMIA G 

597 Extrasystoles -- EXTRASYSTOLES- ·~ 
598 Fibrillation atrial* G 

iW Fibrillation atrial@ FIBRILLATION ATRIAL 
600 Fibrillation atriallf --- FiBRIL!- ATRIAL[Ff --

-ffi- Fibrillation ventricular FIBRILLATION VENTRIC ~ 
Sick·sinus syndrome --- SICK SINUS G 

603 Wolff-Parkinson-White sYndrome WOLFF-PARKINS WHITE G 

6 0~ Dressler's svndrome D~SSLERSSYNDROME F 
605 Effusion oericardial F 
606 Effusion eericardial@ - EFFUSION PERICARDIAL 
607 Effusion pericardiai[F ---- EFFUSION PERICAROjFj 

~ Embolus pulmonary 
~MBOLUS PULMONARY 

F 

~ Embolus ~n_!_ry~ - -
Embolus pulmonar~IFJ EMBOLUS PU LMONARY[F[ 

f-ill Endocarditis -- ---
612 Endocar'ditts· G 
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613 Endocarditis@ ENDOCARDITIS 
61•1 Endocarditis IT__ __ TifoQ_cARi'iffi§(FJ 
615 sUbacute bacterial endocardrtis SBE G 
616 Faintness FAINTNESS F 
617 Goodpasture's syndr-ome GOODPASTURE$ SYNDROME F 

~ Heart block --Bundle branch block BUNDLE BRANCH BLOCK G 
620 Heart block• ----- - 'HEf~Fn BLOCK ---

G 
621 Heart block@ 
622 Heart block F HEART BWCK(F) __ 
623 Heart sounds abnormal 
624 Heart sounds abnormal@ ~~-~SABNORM G f-ili Tri le rhythm - TRIPLE RHYTHM G 
626 Hypertension 

~ Encephalopathy hypertensive __ ENCEPHALOPATHYHn G 
Hyeertension· ___ G 

~ HVDertensiontaf HYPERTENSION 
li30 HVDertension F HYPERl'ENSIONfEJ-

~ _!iypertension/angina -- HYPERTENSION/ANGINA F 
Hypertension/congestive car~c failure HYPERTENSION/CCF - F 

633 H~eotension HYPOTENSION-- F 

~ Ischaemia mesenteric --- ---635 Ischaemia mesenteric#lfJ 
631i Embolus mesenteric· 

--
G 

~ Embolus mesenteric@ ___ EMBOLUS MESENTERiC 

~ 

~~-:· 
E_M~LUS MESENTER(FJ 

639 G 
640 al@ INFARCTION Gl f.W ai[Fj ~RCTION GI{FJ 
642 Thrombosis mesenteric· G 7;fr Thrombosis mesente-ric@ THROMBOSIS MESENTER 
~ Thrombosis mesenteriCfFJ 

-
THROMBOSIS MESENT(FJ 

~ Ischaemia peripheral 
646 Ischaemia P-eri heral#[fl 

CLAUDICATIO_N __ 73 ~ Claudlcallon 
~ E mbolus arterY· 

---
G 

649 Embolus artery@ EMBOLUS ARTERY 
650 Em~a__ EMBOLUS ARTERYffJ --

~ Gan~rene· _ -- G 

~ Gangrene@ GANGRENE 
653 Ganorene[FJ --- GANGRENELEJ ___ 
654 Ischaemia eeripheral@ ~HAEMIA PERIPHERAL G :m Stenosis arter • G 
656 SteriOslSartery_@ STENOSIS ARTERY 

~ Stenosis arte11[F) STE~OS I~ ARTERY[FJ 
Thrornbosis arterv· G ~ 

Thrombosis arterv@._ THROMBOSIS ARTERY ~ 660 Thrombosis artervrFJ ~BOMBOsiS ARTERYJFJ f-ill lschaemic heart disease 
1--f-ill lschaernic heart disea~~ - -

--- ~NA ~ Angina - --- G 
664 lschaemic heart disease· G 
665 lschaemic heart disease~ 

--- THo 
666 lschaemic heart disease(Fi - - --

~ 
~ M~ocardial infarction• -- ~ 668 Mvocardial infarction@ M-~ ---

~ ~acardia! infarction[Fi MI[FJ 
Oedema 

671 Fluid retention FLUID RETENTION G -
672 Oedema face OEDEMA FACE i3 fiiT Oedema_@ ____ OEDEMA -- G 

~ Swollen ankles s wOLlEN ANKLES G 
Swollen lim_b ____ ~c5LLENLIMB G 

~ Pain chest, tight chest 

~ - Pain chest ---- PAIN CHEST G 
678 Tiohl chest- - - -- TIGHT CHEST G ---
~ f!!p~ PALPiTATIONS -- F 

680 Pericarditis PERICARDITIS F 
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r1®- Phlebitis 
~~te~s __ 
~~~arteritis nodosa 

~ ~:;~:enomenon 
~ Rheumatic heart disease __ 
~ Rheumatic heart disease(Of 

6!18 Rheumatic heart diseaselE_L 
~ .§tenosis arterYrenal 
690 SU'Perlicialvenous thrombosis 

__11!!.!_ Thrombop~ ~ 
692 Thrombosis SPinal 
~ Transient ischaemic aTtack 
~ Valvular disease 

695 Valvular disease#[FJ 
696 Stenosis aortic• 
697 Stenosis aortiC@ --

~69998 Stenosis aor!!9£J 
Stenosis mitral" 

700 Stenosis mitral@ 
70 I Stenosis 1nitr..t[F)_ 
~ ~lve incom etence· 

703 Valve incom etence@ 
70.1 Valve 1ncoiliPetence1FJ 
705 Vasculitis 
706 Vasculitis@ 
707 Vasculitis,lEI __ _ __ 
708 Veins varicose 

713 Fibrosis lung 
~ Fibrosis lung#IFJ _ 
~ Alveolitls fibrosing· _ 
~ ~eolitisfibros~ 

747 Alveolitis fibrosing[f] __ 
718 Fibrosis Juno' 

PHLEBITIS 
POLYARTERITIS 

lj>OLYARTERITIS NODOSA 
RAYNAUDS 
RESTLESS J,§GS 

RHEUMATIC HEART 
RHEUMATIC HEART!£] 
STENOSIS ART RENAL 
SVT --- -

THROMBOPHLEBITIS 
THROMBOSIS SPINAL 
TIA -

- STENOSISMITRAL 
STENOSiSMITRALjFj 

- VALVE INCOMP 
VALVE INCOMPIFI 

VASCULITIS-
- V~SCULI~II]_ 

VEINS VARICOSE 

COAD 
CO~fl 

EMPHYSEMA 
.f'MPHYSEMA[FJ __ 
COUGH 
CYST BRONCHOG~C 

ALVEOLITIS FIBROSING 
- ~VEQLITIS FIBROS[FI 
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~ Fibrosis lung@_ FIBROSIS LUNG --- fffilRoSIS LUNG(F_I __ 750 Fibrosis iung{F) --75 1 Haemoptysis F 
752 Haemoe!Y.sis HAEMOPTYSIS I-jft Haemop!)'~[F) --

HAEMOP'i'YsiS(FL 
754 Haemosiderosis _eulmona~ 

-
F l-¥.t Haemosiderosis pulmonar}'@ H SIDEROSIS PULMONARY 

756 Haemosiderosis pulmonart_U:l H SLD_~~O~ PULM{F) 

~ Hoarseness HOARSENESS F 
.t!>_'Pervenlilation 

--
~YPERVENT F liW Oedema ~ulmonary ___ F 

~ Oedema pulmonary_@_ _ OEDEMA PULMONARY 

~ Oedema pulmonarY'[ F) QEQ~APUlMONARYIFJ 
Pleurisy ----

--- PLEURISY ~ 76:1 P!eurod~nia PLEURODYNIA F 

~ Pneumoconiosis --- ---
~ -Pneumoconiosis" 

'PNEuMOCONIOSIS 
G 

766 Pneumoconiosis@ 

~ . PneumoconiosisfEj___ PNEUM__6C6NlOSISjFj 

~ Silicosis SILICOSIS G 
Pneumothorax PNElrM6ffi6RAX F 1-iW ~iratory Failure F 1--ffi _!!~~~ory failure@_ RESP FAILURE 

~ _Respiratory failure[ F) RESP FA1LUREJEJ 1--ffi ~e~tract lnfec~n __ hf.i;f 
~ 

~spiratory tract infeclion#JF) 
ABSCESS LUNG 

5 
G 

~ . 8 'ffi ASPERGiLLosrs-e-m- --
tS~lli31LLO:gs{F) 

~ 0 ~NCHITIS ACUTE G To Bronchi~ - G fBT Bronchitis@ 
---

BRONCHITIS ifz- Bronchitis F -- BRONcHITI~ 
71!3 Bronchopneumonia" G 

~ ~!onchopneumonia@ BRONCHOPNEUMONIA 
Bronchopneumonia[FL_ BRONCHOPNEUMONIA[FJ __ 

~ Catarrh CATARRH 'G 
787 Coryza CORYZA G 

~ Crou2 CRO_UP ---- 'G 
789 Empyema· G --790 Empyema@ EMPYEMA hffit _El]>~F EMPY_!'_~A[F) _ T2 Haemo hilus influenzae infection - HAEMOPHILUS G 1--ffi Infection chest• - G 
794 ~ction chest@L___ INFECTION CHEST 

~ Infection chest[FJ ~TION CH§§I!F) 
-

796 Influenza• G 

~ Influenza@ ~~zA 
~ Influenza{!] . lfiEbld.E~~F) 

Lar~ngitis _ LARYNGITIS G 

~ Legionnaires' disease -- LEGIONNAIRES G 
80 1 Mv-COOfasmosis MYCOPLASMOSIS G 
802 Pertussis 

---
PERTUSSIS-- G 

~ ~~g~ PHARYNGITIS - G 
804 PneumoCY"sti~ --- ~CYSTIS_ G 

~ Pneumonia• --- G 
806 Pneumonia® PNEUM~ 
807 Pneumonia[FJ --- PNEUMONIA[EJ 
BOB Pneumon~is PNEUMONITIS G 

~ Psittacosis PSITI ACOSIS I~ 81 0 Rh!n-ms- RHINITIS G 
811 Rhinorrhea RHINORRHEA G 
812 Sinusitis SINUSITiS G ----
Bl3 Tonsillitis TONSILLITIS G 
814 Tracheitis TRACHEITIS G -
81 5 Tuberculosi~~onary · d 
816 Tuberculosis pulmon~rv® -

fBPULMONAAY 
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~ Tuberculosis pulmonary[F) __ 

- TB PULMONARY[F) 
818 Upper res iratory tract infectio~ URTI - G 
819 Rhinitis allergic RHINITIS ALlERGIC _ F liN Ulcer oharvnx ULCER PHARYNX F 

~iff Wegener's granulomatosis WEGENERS- F 
~ A1imenta~ry---~ - --~ 

~ Abscess anorectal ABSCESS ANORECTAL IF 
82>1 Abscess dental ABSCESS DENTAL F 
825 Abscess liver --~ 

ABSCESS LIVER F ITzit ~giod~elasia _colon - ~GIDDYSPLASIA F 
~ Anorexia F 
~ Anorexia@_ ANOREXIA T9 Anorexi~)- ANoREXIAlfl_ lif6- ~pendicitis __ 
'iifr Appendicilisiilfj" 

~ Appendicitis@ APPENDICITIS G 

~ ~ependix_JJ_~oraled " G 

~ 2EP~di_x l"'rforaled@ - APPENDIX PERF 

~ [ ~eendix J>erforaled[F) ~f'_ENDTXPERF[F) 
g Ascites ASCITES F 

8.17 Bowel obstruction 

~ Bowel o~!uclion#tFJ 
G 839 Bowel obstruction· 

~ Bowel obstruction@. BOWEL OBSTRUCTION 

~ ~e~JFL !1_0WEL OBSTRUCTIONLFJ 
Hernia strangulated" G "im' Hernia strang~ate5J_@_ HERNIA STRANGULATED 

~ ~nia str:!_ngulatedJFL HERNIA STRANG[F( 

~ Ileus ILEUS - G 
Bulir~ BULiMIA F 

~ Calculus salivary CALCULUS SALIVARY F 
~ c!!'leYJeb~ter CAMPYLOBACTER F f-ifg Candidiasis oral MONILIA ORAL F 1-lWo Cardiac achalasia ---

CARDIAC ACHALASJA F 
851 Cardiospasm CARDiOSPASM F 

~ Cheilitis CH(;ILfTlS F 
~ Cholelithiasis, cholec~stitls - -854 Cholelithiasis, ch~~s~#lE.L 

~ Cholangitis CHOLANGITIS G 

~ Chole~ystitis CHOLECYSTiTIS G 
Cholelithiasis' G ~ Cholelithiasis@ CHOLELITHIASis-~ 

~ Cholelithiasis[F) CHOLELITHIASIS[F) 
fa ~ Colic biliary - - COLR: BILIARY-

861 Gall bladder ~erforated ' G 
862 Gall bladder perforated~ GALL BLADDER PERF -
~ ~II bladder perforatecj[F GAlLBLADDER PEBIJB 

Cirrhosis 

~ Cirrhosis• G 
----clrrhosis CiRRHOSiS ¥7 1--tirrhosis!!J f i~B_!:I.Q_SI_Sjl'l__~ 1-ilfs" - G Oesopha_geal variC_!_S - ~~J:Ii VARICES -869 Coeliac disease -- COELIAC F 

~ Cons~~ CONSTIPATION F 

~-!ill CystP"imcreas CYSTPANCR~ F 
872 C st oeritonsillar CYST PERITONSILLAR F 
873 Diarrhoea Bii\RRHOEA F 
~ Distension abdominal DISTENsiON ABDO F 

875 Brvmouth DRY Mour;::r-- F 
,g ~um ing syndrome OUMPING SYNDROME F 

877 D~senter~ 

~ Dysenlery#[F)_ 
DYSE_IIITERY Dysenter~(1!1 G f-fsij- Salmonellosis' 

--~ 

,Q_ Tl Salmonellosis@ SALMONElLA -
882 Salmonellosis[FJ -

~~O~LLAjFJ 
883 Shigellosis SHIGELLOSIS G 
881 Typhoid fever TYPHOID i3 
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~ ~~ --
BARREns Barrett's s ndrome G 

~ DUodenitis -- ------
- DUODENITIS G Tsif _Qt!;~sia@ - DYSPEPSIA G Iii Gastritis GASTRITIS G 

~ Heartburn 
-

HEARTBURN G 
89 1 OesO"Dhageal renux :~~·i;f{REFLU-X G 

~ OesOOhagitis OESOPHAGITIS G 
893 Dvsohaoia DYSPHAGIA F 
8!14 Enterocele 

---
ENTEROCELE F 

895 Faecal imeaction FAECAL IMPACTION ~ 
~ Faecal incontinence FAECAL INCONTiNENcE F 

~ Fissureanor~~l ____ FISSURE ANORECTAL F 

~ Fistula colo-vaQinal FiSTULA COLO-VAGiNAL F 
899 Fistula colo-vesical FISTULA COLO-VESICAL F 
~ Fistula gastro_:Pulmonary --- FiSTUlA GASTRO PULM - f 

~ 
Flatulence- - FLATULENCE F 
Gastroenterilis - GASTROENTERITIS F 

903 Giardiasis GfiiRDIA -- F 
904 Gilbert's sl'ndrom_e ___ GILBERTS F 
90!i Gingivitis GINGIVITIS F foif GlossitiS GLOSSITIS F Tor Gum hl'eertroehy HYPERTROPHY GUM F 

~ Haemorrhage gastrointestinal _ F 
909 Haemorrhag..!:._9astroinlestinal_,@ HAEM Gf 

tm Haemorrhage gastrointestinal! F) HAEM _QTfFJ-_ -
911 Haemorrhage Q~rointestinal up£.er_ 

~ Haemorrhag_~a~ointeslinal uppef1t!FI 

~ Haematernesis • G 

~ Haema'iemesis@ - HAEMATEMESIS 

~ Haematemesis[F) - HAEMATEMESlS(FJ 
916 Hernia hiatus haemorrhag~e· __ G 
~ Hernia hiatus haemorrhagic@ HERNIA HIATUS HAEM 

~ _ _tfernia hiatus haemorrhag~[FJ _ HERNIAHiAT HAEM{FJ 

~ Mallor:V-Weiss SVndrome MALLORY-WEISS G 

~ Melena MELAENA- - G 
Oesophageal haemorrhage· 

----
Q_ 

~ Oesoeb!geal haei!!O!~age@ OESOPH HAEM 
_Oeso .!:!!9eal haemorrhag!.(f1 ___ OESOPH HAEM(F[ -

Tz:\' Ulcer duodenal haemorrhage• 1-o 
~ Ulcer duodenal haemorrha9e®_ _ ULCER DUODENAL HAEM--

Ulcer duodenal haemorrhag~[FJ ULCER DUO HAEM[F) -

~ Ulcer gastric haemorrhage· G 

0W!- - Ulcer gastric haemorrhage® ULCER GASTRIC HAEM 

~ Ulcer gastric haemorrhage[FJ ~_G_ASTR fiA~) 
~ Ulcer oesOPh-aQeal haemorrahge - ULCER OESOPH HAEM G 

~ Ulcer peptic haemorrhage" _ G 
_ Ulcer peptic haemorrhage@._ ULCER PEPTIC HAEM 1--ili UlcerDe tic haem01rhage[F1 ______ ULCER PEPTICl-iAEMF) 

934 Haemorrhiae oral HAEM ORAL F 
935 Haemorrha9e rectal HAEM RECTAL F 

~ Haemorrhagic diarrhoea HAEM DIARRHOEA )~ 937 HaemorrhoidS - HAEMORRHOIDS F 
938 Halitosis HALITOSIS-- F ---
9:19 HeDatic failure - ~CEPHALOP HEPATIC 910 Enceohalo alh hepatJc G 
91 1 Heeatic Failure· 

-
G 

912 Heoalic failure@ - HEPATIC FAILURE 
943 Hepatic faifure(FJ ~CFAILURE[ 

~ ~atitis , jaundice~-
-

---
~ He~alitis , jaundlce#[FJ -

946 Bilirubinuria BILIRUBINURIA G 

~ 
Heeatitis infectious ___ - HWA fifiSINFECT-- G 
HeDatitis infectious A ~~~TIT IS I_N_IT~T t G 

~ Hef:!alitis infectious 8 HEPATITIS INfECT B G 

~ HeEatitis· --- ~IS 
G 

951 Heeatitis@ 
952 Heoatitis F 

--- - ~PATITTsiFi 
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9&3 Jaundice JAUNDICE G 
~ Jaundice cholestatic 

-
JAUNDICE CHOLESTATIC G 

-* Jaundice obstructive· -
G 

Jaundice obstructive@. - JAUNDICE OBSTRUCTIVE 
957 Jaundice obstruc:tive!Fl - JAUNDICE OBSTRUCT[Fj 
958 Hepatomega-ly ~PATOM(;GAL't'_ F 
959 Hernia HERNIA F 
960 Hernia hiatus HERNIA HiATUS F 
96 1 Hiccough HICCOUGH F 
962 Ileum perforated ILEUM-P~ f 
963 Inflammatory_ disease colon 
964 Inflammatory disease colon# FJ -

COLITIS --w, Colitis 
966 Colitis pseudomembranous· - ~-G 

~ Colitis eseudomembranous@ ____ - COLITiS PSEUDOMEMBRANOUS 

~ Colitis_pseudomembranousfFf COLITIS PSEUDOMEM[f] 
Colitis ulcerative COLITIS ULCERATIVE G 

r-§ifo Colon perforated" --- G em- Colon 2erforated@ - COLON PERF 

-m- Colon perforatedlf] CoLONPERFjF) 

~ Grahn's disease· 
---

G 
974 Crohn's disease@ CRORN"S 

-fu" Crohn's diseasejFJ 
--

~O~SJFJ 
976 Diverticulitis DIVERTICULITIS G ---m Diverticulosis· G 

~ Diverticulosis@ DIVERTICULOSIS 
Diverticulosis{E)_ DfVERfiCULOSIS{Fj -==--

980 Diverticulum perforated" G 
981 Diverticulum perforated@__ -- DIVERTICULUM PERF 
982 Diverticulum ~ated( _ - ~ULDMPERF[El_ - F 983 Irritable bowel syndrome ____ IBS 

~ Leuko lakia oral LEUKOPLAKiA MOUTH - F 
_h.iche~ _Elan us oral LICHEN PLANUS MOUTH F 

lfst Liver function test abnormal lFT ABNORMAL IF 

f-fsif ym hangieCtasia gastro-ir1testi,;ay---- lYMPHANGIECTASiA Gl F 
~ Menetrier's disease MENETRIERS F 
1-ffiW Ml!'!'J'·=- MUMPS ~ rggo Nausea, vomiting 

~ Nausea NAUSEA G 
Vomiting VOMffiNG ~ rm- Oesoehageal spasm OESOPH SPASM F 

IT9t Oesoehag:eal stricture - -
995 Oesophageal stricture· 

--
G 

996 Oesophageal stricture@ OESOPH STRICTURE -997 Oesopha~~l_~ictu~{F] OESOPH STRiCTURE{EJ 
r-wii Stenosis oesoehageal _ 

--
STENOSIS OESOPH - lo 

999 Oesophagus perforated OESOPH PERF -- F 
1000 Pain abdomen PAIIII_~DQ_MEN F 

~ Pancreatitis - -
1002 Panc(eatitis·-- G ----
~ ~creatitis@. PANCREATITIS 
1004 Pancrealitis(F -- fANCREA T!TISjl'J 

~ _fseudocyst --- - PSEUDOCYST G 
1006 Pancreatolithiasis PANCREATEiDTHIASIS F 
1007 Parotid enlar~ --- ----~;'NLARGED F 

~ Parotitis PAROTITIS F 
1009 Peritonitis 

lf>E.RiroN I TIS 
F 

-WI Peritonitis@ 
lOll Peritonitis[FJ PERITONlT~J 
1012 Pharynx irritation PHARYNX IRRITATION F 
101 3 Proctalgia PROCTALGIA F 
1011 Proctitis --- - PROCTITIS - F 
101 5 Prol~pse rectal 1PROLAPSE RECTAL F 
~ Rectal discharge RECTAL DISCHARG_E __ F 

101 7 Rectal stricture RECTAL STRICTURE F --
1018 Saliva increased SALiVA INCREASED F -
~ Sialadenitis SIALADENITIS F 

Sore mouth SORE MOUTH F 
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I 021 Steatorrhoea 
~ Stenosis E)'loric 
t 023 Stomatitis 
~ Swollen tongue 
I 025 Tenesmus 
~ Threadworms 
I 027 Toothache 
I 028 Ulcer mouth 
~ Ulcer oesop)l!!!J.,al 
~ Ulcer P.e0tic 
I 031 UlcerPeP\iclilFf 
~I "-ulcer dt~odenal perforated' __ _ 
I 033 Ulcer duodenal perforaled@ 
~ U!Cerduode~erforated]£J 
~ _yr~rduodenal" __ 
~ _Ulcer duodenal@ 
~ Ulcer duodenal F[ 
I O:JR Ulcer gastric 
~ -Ulcer gastric perto0ted' 
~ l!_lcer 9<!S_Iri~orated@ 
~ _ Ulcer 11astric perforated[FL 
~ Ulcer.pe tic erforate~· 
I 013 Ulcer e tic erforated@ 
~ U~rforated[FJ 
~ Ulcer _p__~~lc_· __ 
10~6 Ulcer ~tic@ 
~ _ Ulcer f"'PUc[FL_ 
I 0~8 Ulcerrectal 
~ Volvulus colon 
~ Volvulus gas~ 
.1.Q.IU ZollifiQer-EUison syndrome 
105Z Metabolic and Endocrine 
~Acido~- __ 

~ ~~0~o:'";:O!!~#cac-t-ic __ _ 

I 056 AcromegalY 

STEATORRHOEA 
. STENOSIS PYLORIC 
STOMATiTIS 
SWOLLEN TONGUE 
TENESMUS -
~Q_WORMS 
TOOTHACHE 
ULCER MOUTH 
UL~R QIOSOPH 

ULCER DUODENAL PERF 
UL(;ER DUO PERF F] 

ULCER DUODENAL 
ULCERDUODENAL]F] 
ULCER GASTRIC 

ULCER GASTRIC PERF 
ULCER G__!ISTR PERF]FJ 

ULCER PEPTIC PERF 
ULCER PEPTIC PERF]FJ 

ULCER PEPTIC 
ffi~B '=~TlC(Fj 
ULCER RECTAL 
VOLVULUS COLON 
VOLVULUS GASTRIC 
ZOLLINGER-ELLISON 

AC1ffi5SIS -
ACIDOSIS LACTIC 
ACROMEGALY ---
ADDISONS I 057 Addison's disease 

~ A_!!!yloidosis __ 
~ Am loidosis@ _ AMYLOIDOSIS 

1060 Amyloidosis~ ~YLOIDO~F _ 
IOiil Carotenaemia ~~~-N~SAEM_Ij>, rtTifz Cushin~fs ~ndrome --- ~~ 
I 063 Cyst thyroid CYST THYROID 
~ Deh~dralion -- DEHYDRATION 
~ Diabetes mellitus im10pro-ov:_-e;"d'-~- i'llABETEs IMPROVED 
~ Diabetes mellitus, )ly~gl~caemia 1--

~ ~~~?woT.:~ec;emia#[£'1 _ D\1\BETES WORSE 

~ _Diabetes me.,ll~itu~s,_· -=---
1070 Diabeles mellilus@ ~MELTif~ 
~ Diabetes mellitl§f-J -- ____ - DIABETES MELL~lJ_SlfL 
I 072 Encephalopathy diabetic' 
~ _E~alopathy diabetic[~]____ _ Ei'icEJ5HA[(jpoiABETlEJ 
~~lycosuria -------- -----!GLYCOSURIA __ _ 
~ __l:!y~glycae~ ___ HYPERGLYCAEMIA --
1 076 Ketoacidosis diabetic• 

lOBO Nephropathy !!i•beti£_@,______ NEPHROPATHY DiABETIC 
~ ~~athy diabetic[FI _ !"§'HRO~Tf-l~DIAB[FL -
~ Neuropalhy diabetic;__ NEUROPATHY DIABETIC 
~ RelinooalhVdiabetic RETINOPATHY DIABETIC 
I 084 Ulcer diabetic ULCER DiABETIC 
~ ElectrOMe abnormal 
I 086 ElectroJYfe abnormal@"-------

~ ~r!:;~::~=~~· 
ELECTROLYTE ABNORMAL 
HYPERCALCAEMIA-
HYPERKALAEMIA 
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K 
HYPERNATRAEMIA 
HYPOCALCAEMIA 
HYPO-KALAEMIA 
HYPONA TRAEMIA 
EXCESSIVE THIRST 
GLOBULIN ABNORMAL 
GOITRE 
GOUT 
HAEMOCHROMATOSIS 

BARTTERS 
CONNS SYNDROME 
HYPERALDOSTERDNIS~ 

HYPERCHOLESTEROL 
FAMILIAL HYPERLIPID 
HYPERLIPAEMIA 
HYPERPARATHYROID 
HYPERPROLACTII'f -
HYPERTHERMIA 
HYPERTHYROID 
HYPERURICAEMiA 
HYPOALBUMINAEMIA 
HYPOGLYCAEMIA 
HYPOGONADISM 
HYPO PARA THYROID 

HYPOTHERMIA 

H'fF'Ql:H~~~FJ 
HYPOTHYROID 

OBESITY 

PICKWICKIAN 
PICKW_!_~KIAI'JJF] 
OSTEOMALACIA_ 

PORPHYRill 
PORPHYRiA FJ 
REF SUMS SYND 
sc-URvY. 

SWEATING 
TETANY 
THYROIDITIS 
WATER INTOX 
WEiGHT GAIN 
WEIGHT LOSS 

DYSURIA 
FREQUENCY 
INCONTINENCE 
NOCMIA 
URGENCY 
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1225 Cervical erosion 
1226 Cervical smear abnormal 
LZZ7 Cervicitis 
~ ~yst Barthc~Jin 's 
1229 CySt ovarian 
I 230 Cyst vaginal 
I 231 Cystocele 

~ Pelvic inflai!1~ disease 
1253 _(Jc>e"-'ho,r~iti;-s----,---,c---=-
~ Pelvic inflammatory_ disease@_ 

~~~~~!tenSIOn 
~ Prolapse uterine__ --
1258 Pyometra 
~Rectocele 
~ ~~:~~r~~e~:g~ 

CERVICAL EROSION 
CERVICAL SMEAR ABN 
CERVICITiS - -
CYST BARTHOLIN 
CYST OVARIAN 
CYST VAGINAL 
CYSTOCELE 

-- DYSKARYOSIS ___ _ 

DYSPAREUNIA 
~METRIOSIS 
ENDOMETRITIS 
HAEM POST COITAL 
HAEM POST MENOPAUSE 
HAEM VAGiNAL 
HYDROSALPINX 
INFERTILITY FEMALE 
LEUKOPlAKIA VAGINAL 
MENOPAUS~ 

AMENORRHOEA 
DYSMENORRHOEA 
IRREGULAR PERIODS 
MENORRHAGIA 
OLIGOMENORRHOEA 
POLYMENORRHOEA 
METRORRHAGIA-
MITTELSCHMERZ 

OOPHORITIS-
PELVIC INFLAM 
SALPiNGITIS 
p~ -

PROLAPSE UTERINE 
PYOMETRA 
RECTOCELE 

_ STENOSIS VAGINAL 
URETHROCELE 

~ Vaginal soreness 
1:!63 Va~is, vu=i:l,7.'t"=is=---_---------

~ Infection vaginal b~~~ 

VAGINAL SO~NESS 

~ Vaginal candidiasis 

1267 

INFECTION VAG BACT 
MONILIA VAGINAL-
VAGINAL DISCHARGE 
VAGINITIS .!illllf;Si!_ ~ monas 

1269 
r;m Breast Disorder 
WI Abscess~ 

VAGINITIS TRICHOMON 
____ ---= VULVITIS 

~ sreastdiSChafge 
~ Breast disorder 
~ Breast enlarged 
~ Q._alactorrhoea 
I 276 MastalQia 
1277 Mastitis -

1278 Obstetric 
I Z79 Abortion threatened 
1280 Hyperemesis gravtdarum 
1281 Placenta praevia 

Tzfz Pregnancy ectopiC 
~ Pre~ toxaemia 

~ Haemopoietic 
1285 Anaemia 
1286 Anaemia haemolytic 
1287 Anaemia iron deficiency 
~ Anaemia iron de~iency@ _ 
I 289 Anaemia microcytic 
ifgij Anaemia macrocytic _ 
iZ9J Anaemia folic acid deficiency 

ip;sscess BREAST 
BREAST DISC-HARGE 
BR:Ellsf D ISORDER 
BREAST ENLARGED 
GALACTORRHOEA 
MAS TAL~ 
~ 

ABORTION THREAT 
HYPEREMESIS GRAVIDA 
P-LACENTAPREVIA 
PREGNANCY ECTOPIC 
PREGNANCY TOXAEMIA 

ANAEMIA 
ANAEMIA HAEMOLYTIC 

ANAEMIA FE DEF 
ANAEMIA MICROCYTiC 

ANAEMIA FOLATE 
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A H 
1292 Anaemia macrocytic@ ANAEMIA MACROCYTIC 
1293 Anaemia vitamin B12 deiicieiic ANAEMIA B12 DEF 

G 
G 

1291 Anaemia sickle cell -----fAiiNT.AEMIA SICKLE caL 
~Anaemia sideroblastic --------- ANAEMIA SIDEROBLAST 

- F 

J.-m Bone marrow abno'!I'L ---~MARROW ABNORMAL 
.W,g Coagulation drsorder ___ COAGULATioN DISORDER 

F 
F 
F 

I 298 Cyst s leen CYST SPLEEN _ F 
1299 Eosinophilia 
1300 Eosinophilia@ __ _ 
130 I Hll>ereosinol'_hilic syndrome 
~ §_ry_throcyte sedimentation rate raised 
~ Haemaloma spontaneous 

~Haem~~ 
~ Haemophilia@ 
1306 Haemophilia F 
1307 Hyperbilirubinaemia 

i32fi Lymphademlis 
r-rJftl Lymphadenopathy@ _ 
~_!.ly~__s~~ndr()m~ 
1328 Myelodysplaslic syndrome@ 
~ Myelody~slic s~ndrome[l']_ 
~ MY.elofibrosrs 
133 1 Myelofibrosis@ 
~ __!.1ye!_c>fibrosis[FJ 
1333 Pancytopenia 

'j-f:j;\ Pancytopenia#[l_ 
1335 Anaemia aplastic" 
1336 Anaemia aplastic@\----- _ 
1337 Anaemia aplastic[FJ 
-im Anaemia hypoplastic 
133!1 Pancytopenia@ 
1310 Polycythaemia 
I 3-1. 1 Red cell abnormal 

~ Thrornbocyto~nia 

~ i~~~~:u~~~~~enitis 
1347 Wlskott-A!drich syndrome 

1318 Neoplasm 
iJ:19 Malignancies :®, M_alignancies#[EJ __ 
135 1 Astrocxc::to:;mcoa,_· --=---
1352 Astroc~a@_ 

~1!\S!iOc~E 
1 354 1~-

r.-iii'Fi-'::.;:i:"""-::-=--- 
~ ~ancer~ 
1356 _ Cancer[ll____ 
~ Carcinoma adrenal gl~ 
1358 Carcinoma adrenal gland@ 
135!) Carcinoma adrenal fand[F] 

feOSINOPHILIA 
~EREOSINOPHILIA 

-
1ESR RAISED 
HAEMATOMASPONTANEOUS 

HAEMOPHILIA 
ffAEMOPH_Il,_I~[FJ 

--t-'--'H-'--'YP~E"--RBILIRUBINAEMIA 

_ f-IYPERGAMMAGLOBULIN 

WALDEN STROM 
WALDEN5_TROM(FJ 
HYPOGAMMAGLOBULIN 
JAUNDICE HAEMOLYTIC 

LEUcOCYTOSIS 
LYMPHOCYTOSIS 
,"!EU"JBOPHILIA 

LEUCOPENIA __ _ 

NEUTRO_I'EN~IA __ 

GLANDS SWOLLEN 
LYMPHADENITiS 
lYMPHADENOP~ 

MYELODYSPLASIA-
MYELODYSPLASIA[FJ 

MYELOFIBROS~ 
MYE_LOFIBRO§IS[F] 

- ANAEMiAAPLASTic - -

- G 
G 
F 
F 
F 

F 

i3 

I ~ 

F 
F 

G 
G 
G 

G 
G 

G 
G 

~ F 

F 

G 
G 

~ -+~ii~,;:~,.:;~:;~:;;:A:;,A-;--~:t;~"'~"o s~p~i-':1 c'"s~"~"-lc..--- G 
PANCYTOPENIA G 
POLYCYTI-iAEMfA-- F 
RE5cEiTABNORMAL F 
SPLENOMEGALY F 
THAIASSAEMIA___ F 
THROMBOCYTOPENIA F 
THROMBOCYTO~S~~~------ F 
TB ADENifi§ F 
~KOTT-ALDRICI-!__ F 

ASTROCYTOMA 
ASTROCYTOMA[FJ 

CANCER 
CANCER[[]_ 

CA. ADRENAL GLAND 
'e:.. ADRENAL GLANowr 

G 

G 
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~ Carcinoma bile duct~ 
~ Carcinoma bile duct@__ 
1362 Carcinoma bile duc~F]_ 
1363 Carcinoma bladder·. _ 
~ Carcinoma bladderCCi! 
1365 Carcinoma bladder[FJ 
1366 Carcinoma bone ' 
1367 Carcinoma bone@ 
1368 Carcinoma bone(Fj"-- --
1369 Carcinoma brain ' 
1370 Carcinoma brain@ 
1371 Carcinoma brainfF-1 ---
1372 Carcinoma breast' 
1373 Carcinoma breaSt@ 

~ c~~~:~~:. 
~ Carcinoma bronchusLFJ 
~ Carcinoma broncus@ 
1378 Carcinoma caecum· 
1379 Carcinoma caecum@ 
1380 Carcinoma caecum(FJ 
~~Carcinoma cervix' 
1382 Carcinoma cervix@ 
~ Carcinoma cervfx_lf)~ 
~ Carcinoma colon' _ 
~ Carcinoma colon@ __ _ 
~i Carcino.!!!_a c~ 
~ _9arcinoma du_9denum· _ 
~ Carcinoma duodenum@~ 
~ Carcinoma duodenum[FJ 
~ Carcinoma epiglotlis 
~ C~cinoma g~bl~~.( 
~ _£arcinoma galll?!adder@ 
~ _ CarcinomalJall bladder{~} 
~ Carcinoma gastro!nte~li_!!al:._ __ 
1395 Carcinoma aaslrointeslinal@ 
1396 Carcinoma gaslre~ntesUnai(F] 
1397 Carcinoma ileUm· -
~ _g__arcinoma Beum@ 
~_Carcinoma ileum[FJ 
~ Carcinoma jejunum 
~ ~dnoma ki~~L 
~ Carcinoma kidney_@ 

1103 Carcinoma kidney[] 
~tl _farcinoma laryn~ 
~ Carcinoma larynx@ __ 
~ Carcinoma lar)'_nxjFj 
1407 Carcinoma liver· 
1408 Carcinoma liver@_ 

~~11~::riFJ 
I..!4!J. Carcinoma lung@ 

111 2 Carcinoma lungj~J---==--

- fcp, BILE DUCT 
-~LE DUCTjFJ 

f-cA-Bt..ADDER 
~LADDER} F) 

CA BONE 
CABONEIFJ 

CABRAIN 
-----t'CA_ B_RAINjFJ 

leA BREAST 
CA ilREAS!!FI 

CA BRONCHUS 
CA BRONCHU~F[ 

~M 
CA CAECUM!!]_ 

cAcERVIX 
_ CA CERVIXlFJ_ 

CACOlON 
CA COLONIFJ_ 

CA DUODENUM 
-~ DUODENUMIFJ 

-CA EPIGLOffiS 

CA GALL BLADDER 
-~ALL B~DDERlJ'[_ 

CAGASTROINTESTINAL 
CAGIIFJ, ___ _ 

CA ILEUM 
- g ll-E_IJ_M(F) _ 

___ CAJEJUNUM 

CA KiDNEY 
CA KIDNE_'!'{EJ 

CALARYNX 
_ CA LARYNXjF} 

CA LIVER 
--- CA LIVEJ3fFJ--

CALUNG 
CALUNGfl 

1413 Carcinoma nasopharynx· 
1414 Carcinoma nasopharynx@ ----- - lcANAsOPHARYNX 

~~~ 1
1
5
6 

Carcinoma nasopharynxjl]_ 
~ Carcinoma oesoe_~gus_' __ 

CA NASOPHARYNX(El__ 

I t1 17 Carcinoma oesophagus~ 

: ~ : ~ c:,~;~~~;~v':?'pha_9tJ_sjc_F 1 L------

-cA oisol'RAGus 
~A OESap!:J!I~US[FJ 

~ Carcinoma ovary@ 
~ Carcinoma ovaryjF} __ 
~ Carcinoma palate ___ _ 

CAOVARY 
ftA OVARYIFJ 
l~jjo;(E-

~ CarcinomaPancreas· 
1424 Carcinoma oancreas®'--------- CA PANCREAS 
1425 Carcinomaoancrea~~l _ _ SA PANCREASIFJ 
1426 Carcinomaoarotid CA PAROTID 
tif? Carcinoma- Denis -- CA PENIS 
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~~~~89 Carcinoma eharynx· 
•tt.. CarcinomaPharynx@ 

1430 Carcinoma phal)'nx[F] 

~~~:!.~ Carcinoma ~tate:._ 
.,.,,. Carcinoma oroslate@ 

~ C~r~~~~~;~~~~~te[F] 
t4 :J5 Carcinoma reCtum@ 
~ _ Carcinoma rectum[FJ 
~ Carcinoma salivary gland 
~ Carcinoma skin_:_ 
1139 Carcinoma skin@ 

fWD Carcinoma skin[F] 
IMI Carcinomas~ 
~ Carcinoma spine@ 
~ ~cinemas _inejF] 
~ _S!_rcinoma stomach· 
1-115 Carcinoma stomach@ 
~ Carcinoma stomach[Fj 
1417 Carcinoma testis' 
~ Carcinomateslis@ 
14tl9 Carcinoma test1sjF) 
1-150 Carcinoma thyroid' 
1-151 Carcinoma lhY.:roid@ 
~ Carc~2_ma th~rold(FJ 
1453 Carcinoma tongue' 
I 154 Carcinoma tongue@ 
1455 Carcinoma tongue{F] 
~ Carcinoma tonsil" ~ 
~ Carcinoma tonsil@ 
~ Carcinoma tonsii[F] 
~ Carcinoma trachea 
~ Carcinoma ureter" 
~~~~16, .. ~ Carcinoma ureter@ 

. , c. Carcinoma ureter(F] 
~ CarCinoma urethra' 
I 46-1 Carcinoma urethra@ 
~ Carcinoma urelhrajF] 
~ Carcinoma uterus· 
~ _f_arcino~a uterus@ 
1468 Carcinoma uterus(F) 
~ Carcinoma vagina· 
1470 Carcinoma vagina@ 
tttij Carcinoma vag~FJ 

1472 Carcinoma vulva• 
1473 Carcinoma vulva@ 
1474 Carcinoma vulva[F] 
1475 Carcinomatosis" 
~ Carcinomatosis@ 
~ ____farcinomatosis F 
1478 Ej)i!nd"Ymoma· 
~ Ependymoma@ 
~ Ependymoma[F] 

~ ~~~:::~ 
1483 Glioma@ 
~ Glioma[F 
1485 Hodgkin's disease" 
tiiDl H -odOkm'sdisease@ 
~ __l:l<>clgkin"s disease[FL 
1488 Kaposi's sarcoma 
~ Lentigo malig~ 
~ Leukaemia acute:__ 
~ Leukaemia acute@ 
~ Leukaemia acute[F] 

1-193 Leukaemia chronic 
1194 Leukaemia lymphocyiic ?Cute· 
1495 Leukaemia fvmohocvtic acute® 

-
- CAPHAAYNX 

CA PHARYN~[F] 

CAPROSTATE 
- CA PROSTATE[F] 

CARECTUM 
- CARECTUM[FJ 

iliALIVARY GLAND 

GASKIN 
_ CASKf!'[F] 

CASPINE 
ttiPfNE[FJ 

CASTOMACH 
- CAt-ft:fMACHJF] 

CA TESTIS 
~TESTIS[F] 

CATHYROID 
CA THYROID[F] 

CAWNGUE 
CA TON~UE(F] 

CATONSIL 
C,'\ !ONSIL[FJ 
CATRAEHEA 

CAURETER 
CAURETER[FJ 

CAlJRETHRA 
CA URETHRA[F] 

CA UTERUS 
CA- UTERUS[FJ 

- - CAVAGINA 
CAVAGIN;\iF] 

- CAVULVA 
ci\VDDii\lFj 

____ - CARCiNOMATOSIS 
_ CARCiNOMATOSIS[Fj 

EPENDYMOMA 
EPE_II!.DYMQ~A[FJ 
!:!9ROSARCOMA 

GLIOMA 
- GLlliMAJ 

HODGKINS 
HOOGI<INS(F] 
KAPOSI SARCOMA 
L~TIGO MALIGNA 

LEUKAEMIA ACUTE 
L§UKA§~IA ACU")"E[Fj 
LEUKAEMIA CHRONIC 

LEUKAEMIA lYMPH AC 
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LEUKAEMIA L YMP AC F 

MELANOMA 
MELANOMA[!'] 

MESOTHELIOMA 
MESOTHELIOMA[Fj_ 

MYCOSIS FUNGOTi:JES 
MYCOSIS FUNGO_IDES[FJ 

MYELOMA 
MYELOMAITJ _ _ _ 
OSTEOSARCOMA 

SARCOMA 
SARCOMA]Fj 
TERATOMA 

ADENOMA ADRENAL 
ADENOMA COLON 
ADENOMA ENDOCRINE 
ADENOMA RECTUM 
CHOLESTEATOMA 

- CHONDRoMA 
CYST DERMOID 
FIBROIDS-
FIBROMA 
LEIOMYOMA 
LIPOMA --
LYMPHOMA 
MEIGS 

MENINGIOMA 
MENIN~_MAiFJ 
MYOBLASTOMA 
NEUROMA 
NMTBLADDER 
NMTBRAIN 
NMT BREAST 
NMT GASTROINTESTINAL 
NMTKIDNEY 
NMTLARYNX 
NMT LIVER 
NMTPAAA THYROID 
NMTPAROTID 
NMTPHARYNX 
NMT PITUITARY 
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A R G 

~ Non-mali nant tumour prostate NMT PROSTATE G 
15(i5 Non-mali nant tumour saiiVar~ NMT SALIVARY G 

ftill Non-mali nant tumour skin NMT SKIN G 

-IWs Non-mali nant tumours~ NMTSPINE G 
Non-malignant lumour stomach fj;jj;;TSTOMACH G 

~ Non-mali nant tumour th~ -- NMTTHYROID G 

.@. ~on-mar nan.!._turTIOur tongue - NMT TO N-GUE G 

iffi Osteoma - OSTEOMA G 
Pa~i~ PAPILLOMA 8 

.)W, Phaeochromocytoma - PHAEOCHROMOCYTOMA G 

~ Polyp POLYP - G 
E_~e gastrointestinal POLYPGI G 

1m Poly]' nasa_l __ POLYP NASAL G 

~ ~J>reclal 
--- PDiYP RECTA[ G 

1578 Polyp uterine POLYP UTERINE G 
1579 Others 
1580 Neoplasm NEOPLASM G 

~ Miscellaneous Infection 

~ Abscess A6scE.ss - F 
1583 ~~s subphrenic ABSCESS SUBPHRENIC F 
15&1 Actinom}l_cosis ACTINOMYCOSIS F 
~ Bacleraernia 

---
BACTERAEMIA F 

~ Candidiasis -
MONILiA--- F 

r+m Chlamydia! infection CHLAMYDIA F 
1588 Fungal infection MYCOSIS F 
1589 Gardnerella infection GARDNER ELLA F 

~ Glandular fever liiLANOULAR FEVER F 
GonOrrhOea--- GONORRHOEA F 

~ HerPangina HERPANGINA F 

~ Herpes 

~ _jfupes@ HERPES G 

~ Herees simpJ!:x HERPES SiMPLEX G - - ~ 

i~ 
HERPES SIMPLEX 2 G 

~ odeficiencl s~ndrome·) _ G rJ; unodeficiency s~ome@) AIDS 
~ munodeficiency syndrome) AI DSl~-=-__ 
rtilOI HTV(Huma~.!!_lunode!i_ciency virus) positive HIV POSITIVE G 
1602 Infection INFECTION F 
1603 ln~':~~toeerative F 
~ Infection postoperative@_ INFECTION PBS~ 

~ J_nfe~~stoperati~{FJ I!'!EECTION POST OPIFI 
Infection viral INFECTION VIRAL F 

1607 Malaria MALARIA F 
1608 Measles MEASLES F 
1.609 Poliomyelitis POLIOMYEUTIS F 
tffi EY.rexia of unk.!}2wn or~gin PYREXIA OF UNKNOWN ORIGIN F 
tiTi Q fever Q FEVER -- F 
t6t2 ~fever IRHEuMAfic FEVER F 

-1m Rigor RIGOR F 
1614 Rubella RUBELLA F 

1m Se~ticaemia F 
_§~eticaemia@ SEPTICAEMIA 

iGt7 Septicaemia[F] SEPTICAEMIAIFJ - lr 1618 Syphilis SYPHILIS 
1619 Tetanus 

-- ~ 

fllil! T~~ ---- TETANUS 
1621 Tetanus F -- - _T~J.AN_USI~L _ 
1622 Varicella VARICELLA F 

rtm Vira~ VIRAEMIA F 
1624 Wart WART F 

~ Wart genital WARTS GENITAL F 

~ Immunological --
AllergL_ ALLERGY F 

~ Anaeh~laxis ANAPHYLAXIS F 
ft62!J Angioneurotic oedema ANGIONEUROTIC OEDEMA F 
1630 Antinuclear antibody ~sitive ANF POSITIVE F 
1631 Behcel's svndrome BEHCETS f 
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A 

~~~~~~~~CHJATRIC 
~ §~~~~$&; ~~ 
1704 DEATH GROUPOS RESPiRATORY 

rt; g~~~gg~~~6~~y 
~ g~~~~ g~g~~~; ~~~~:OIETIC 
~~Wf'~~~~N~s 
1711 DEATH GROUP21 INFECTION 
~ DEATH GROU£'.2~ IMMUNOL.QGICAL 
1713 DEATH GROUP45 ADR 
~ DEATH GROUP23 ACC&INJ 
1715 DEATH GROUP25 SURGERY 
1716 Death cause uncertain 
~Grand Total __ _ 
17tH Surgery 

rt7T9 AbdO~ery 
~ Abdominal surgery#[F[ 
172 1 ~l'l'endicectom~ 
~ Cholecystectomy 

1723 G~~~ 
~ Gas_!!ointe~al surgery 
1725 Hernia surg!_ry 
~ Live!J!:anse_lantation_· __ _ 
I 727 Liver transplantation@ 
~ Liver transplantaifon[FJ 
~ P~ptic ul~ surgery 

~~y 
iWz A~~a~~c~Jre 
~~~renalect~y 
173t1 Blood transfusion 
1735 Bone marrow transplantation 
173ti Catheterisation 
1737 Chemotherapy 
~ Dental~er)'_ 
1739 Dialysis renal 
No Ear nose and throat surgery __ _ 
~ Electroconvu_!_sive~~y ____ _ 
1742 Endoscopy 
17-13 Gastroscopy 

DEATH CAUSE UNCERTAIN 

APPENDICECTOMY 
CHOLECYSTECTOMY 
g~sTRECTOMY 
Gl SURG 
i-IERNIASU~ 

LIVER TRANSPLANT 
LIVER TRANSPLANf[FJ 
PEPTIC UlCER SURG 
SPLENECTOMY 
VAGOTOMY 
ACUPUNCTURE 
ADRENALECTOMY 
BLOOD TRANSFUSION 
BONE MARROW TRANSPL 
CATHETERISE 
CHEMOTHERAPY 
bEN'f.iii:SDRG 
DIALYSIS RENAL 
ENTSU~ 
ECT THERAPY 
ENDOSCOPY 

-- GASTROSCOPY 
174~ Genitourinary surgery fT"fu G.n\iOUrlnary::su;Qery'::.@"'F"'[--_-_ -_ ---~-----+--
~ Circumcisio~n___ CIRCUMCISION 
1747 Cystoscopy CYSTOSCOPY 
~ Genitourinary surg!!}'@ I~G:;;u.,.,s.;;U;.;R,:;G,..,=:r--
1749 Nephrectomy - _ONERPCHH!l._IDEECCTTOOMMYY 
1750 Orchidectomy~----rtfsl Prostatectomy" ___ _ 
1752 Prostatectomy@ 
1753 Prostatectomy]£] -- _ 
~~at transplantation __ 
~ Transurethral resection of prostate 
1756 VasectomL__ 
~ Gynaecologiea[~r~ery 
1758 Abortion therapeutic 
175!1 Caesarean section 
~ _gtnaecological surge~ 
~ _H sterectomy __ 
~ Lumeectomy __ _ 
176:1 Mastectomy_ 
~ Minor surg~~--
rt76'5 Neurological surge 
1766 Oesophageal dilatation 
1767 Ophthalmic surgery 

PROSTATECTOMY 

----t-F.iPR,;iO:f.Sc.'T'-.iAT"'EC"fOMY~ 
RENAL TRANSPLANT 
TUR 
VASECTOMY 

ABORTION THERAP 
CAESAREAN SECTION 
GYNAESURG 
HYSTERECTOMY 
LUMPECT6~r..h' 
~ASTJ'fTQ_MY 
MINOR SURG 
NEURO SURG 

- OESOPH DfLATION 
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~ Cataract extraction 
f-lm Corne~ g~ 
Hill..§~~ 
~ Orthopaedic surgery 
~~ ~aedic surg~ry#[Fj__ 
~3 Am utation __ 
~1 Orthopaedic surgery@ 
~ Total ~!'feplacemenr 
~ Total hip re lacemen!_@_ 
~ _ Total hi replacem~t[FJ 
~ Plastic surgery __ 
~ J3.!1diotherapy ___ _ 
I 780 Sex change 
~ Surgery---==-
1782 Thoracic surge 

~~~~~;~J 
~ Cardiac surgery' 
~ Cardiac surg~ry@_ 
~ Cardiac surg~y{FJ _ 

~~~rt~;~~· -
1789 Heart tran$piantatio~ 
~ HeartJ!~splantationfFJ 
~ t-!,~art valve sur_g,_,e,_.ryc_ ___ _ 
~ Heart~lung transplantation_· __ 
~ Heart-lung lransplantalion@_ 
~ Heart-lung trans lantation[FJ 
~ ~fl tran_!i~ntati~ _ 
1796 Lung trans lanlalion@ 

f-lm _ Lu"lltransplantation[FJ -
1798 Pacemaker 
fim Thoracic surg~y" 
~ _Ihora~c~urgery@_ 
~ Thoracic surgery[Fj 
~ Th roid sur~e!)' __ _ 
~ Tracheostomy 
1804 Vascular surgery 
~ Endar!~m 
~ Vascular surger 1 ~ 
~~ascular suc_gery._.,;>F-'-~1 __ _ 
1808 Referrals 
1809 Hospital referrals no adrnission 

¥oft'tE1~~~~~ACTION 
EYESURG 

-f.
AMPUTATION 
ORTHO SURG 

- THR -

l}~~ICSURG 

-

RADIOTHERAPY 
SEX CHANGE 
SURG 

- CARDIAc CATHETER 

CARDIAC SURG 
- C~DIACSURG{F] 

HEART TRANSPLAI'fr 
HEART TRANSPLANTJFJ 
HEART VALVE_SURG 

~.UNG TR6_NSPLANT 
HEARTLUN() TRANSP[FJ 

LUNG TRANSPLANT 
!,.LJ.NG TRAN.§PLANT~ 
~EMAKER 

'rnoRACiCSURG 
THORACIC SURGJFJ 
THYROID SURG -
TRACHEOSTcfMr 

ENDARTERECTOMY 
- VASCULAR SURG 

- VASCULAR SURQ[FJ 

1810 Hos italreferrals: CardioiD!Il ___ -_ _ HOSPREFCVS 
1811 Hos ita! referrals: Dermatology HOSP REF SKIN 
1812 Hos ita! referrals: Ear, nose and throat HOs'P~ --
~ Hospital referrals: Gastroenterolog_y HOSP REF Gl 
~ ~J'ita l referrals: General medicine HOSP REF GEN ME!S 
18t 5 Hospital referrals: Gy~n~a:=cec~o,J:'oav'lil'._______ HOSPREFGYNAE __ _ 
~ ~pita! referrals: Haematoloov HOSP REF HAEMATOLOGY 
1817 Hospital referrals: Neuroloov HOSl'REFNEURO-

ttlli• ~errals: Ophthalmologl__ ---~HOOSsipp RREEFF 
0
E;YR_§_TH- O 

~ Hospital referrals: Orthopa~~ ~ 
~~~ referrals:_flastic sur~ HOSP REF PLASTIC 
~ Hospital referrals: Psychia_!ry HOSP REF PSYCH 
1822 Hospital referrals: Respiratory HOSP REFRES_P __ 
1823 Hospital referrals: Rheumato~gl__ ~~§.!:RHEUM 

~ Hospital referrals: Urology -------- !:I._HOOSSPP E_REE_FF GU 
1825 Hospital referrals@ 
~ Non-surgical admiss~ HOSP A~ 
1827 Socia l 

'ARsoN 
BEREAVEMENT 
BURGLED 

_ DOMESTIC 
INCEST 

_ LONELINESS 
MARITAL 
PRiSON ADM 
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REDUNDANCY 
SHOP LIFTING 

BLOOD NOS 
CVSNOS 
cl\isliios 
CONGENITAL NOS 
DEHISCENCE 

- DIED ABROAD 
UNPALATABLE 
EAR NOS 
EVENT NOT COOED 
EYE NOS 
FATAL OUTCOME 
GINOS 
GENERIC DRUG PROBLEM 
GYNAENOS 
HAEMORRHAGE NOS 
HAEMPOST 0 -P
HEREDITARY-NOS 
ISCHAEMIA __ _ 

LAB TEST ABNORMAL 
HEPATIC Nos-
MALE REPRO NOS 
METABOLiC Nos 
MICROCEPHALY 
MULTIPLE CONGENITAL 
MSK NOS 
NODULE 
NMTNOS 
p.i'IIFJ 
PAINPoST5P 
PROPHYLAXIS 
PSYCHIATRICNOS 
PSYCHOSOMATIC NOS 
RESPNOS ---

- SKIN Nos---

URINARY N_QS 

ABORTION 
ABORTION SPONT 
BIRTH NORMAL 
PREGNANCY 
SUB -

DR DIED 
DR MOVED 
DR RETIRED 
DRUG NOT TAKEN 
IMS STUB'i'" 
NO RECORD OF DRUG 
NO REPLY FROM FPC 
NO REPLY FROM GP 
PT EMIGRATED -
PTMOV~ 
PT NOT REG 

- RECORDSINC6MP!:EfE 
RECORDs NOT TRACED 
RECORDS RET TO FPC 

- RETUNOPENED 
STRUCK OFF REGISTER 
VOiD 
WRONG DRUG DISPENSED 

F amu racillfOner committee 
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Appendix 9 

Maximum likelihood estimators for two rates during two 
periods of observation in PEM 

Exponential model for PEM 

The statistical theory presented in this thesis is based on a Poisson model as in 

the previous paper published from the DSRU59
. In the model, the occurrence of 

an episode is assumed to be independent of another episode of the same event 

in an individual patient. When the number of episodes of an event for 

individual i in the time interval [0, t] is defined as N1(t), the probability that N;(t) = 

n is given as 

Pr(N;(t) = n) = exp( - ..tl )(A. t )" , n = 0, 1, 2. -
n l 

(1) 

where A. is the event rate. As only the first episode of the event is coded in 

PEM, particular attention is paid to the probability that the first episode occurs at 

timet or no episode occurs in [0, t] (i.e., N1(t) = 0). The model may be reduced 

to the exponential model such that
59 

Pr(no episode before timet)= exp(-A. t) (2) 

Estimation of rates 

Two rates during two periods may be estimated as maximum likelihood 

estimators (mles) based on the exponential model (equation 2) for two periods of 

observation. 

For the first period (Period 1) 

Pr(no episode in [O,t] during Period 1) 
= exp(-A.1t) (0 ~ t ~ t1) (3) 
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where /.. 1 is the event rate during the first period given in 'per patient per day', t is 

time after the first prescription of the drug given in days and t, is the last day of 

the first period (t, = 30 in this thesis). 

For the second period (Period 2) 

Pr(no episode in [t1, t] during Period 2) 

= exp(-/..z(H)) (t, ~ t ~ tu) (4) 

where A.2 is the event rate during the second period given in 'per patient per day' 

and t11 is the last day of the second period (t 11 = 180 in this thesis). The event 

rate is measured irrespective of whether the patient has had one or more 

episodes of the event during the first period. In other words, equation 4 

describes events during the second period not only in the patients with no 

episode during the first period but also in the patients who have already had one 

or more episodes during the first period . As given in the 'method' section, in 

PEM once the patient has one or more episodes during the first period, any 

episode during the second period is not coded even if it does occur. However, 

this problem is settled in what follows. It is assumed that episodes of the event 

during the first period and those during the second period occur independently. 

For example, the probability that no episode of the event occurs in [0, t] where t, 

< t ~ t,, is given as 

Pr(no episode in (O ,t]) 

= Pr(no episode in [0, t,] and in [t, ,t]) 

= Pr(no episode in [0, t,])Pr(no episode in (t1,t]) 

= exp(-A.1t1)exp(-t..2(t- t,)) (t, < t ;'£ lu) (5) 

For the patient i (i = 1, 2, --, N), the following three quantities of time are defined. 

Time when the patient i has the first episode of an event is defined as t,. The 

observation time during the first period is defined as the censored time during 

Period 1, c11. When the patient is observed beyond t, , eli = t,. If the patient is 

lost to follow-up during Period 1, c11 ~ t,. For the patients observed beyond t1, 

the censored time during Period 2, Cz; , is defined. When the patient is 

observed until the last day of the second period, Cz; = t11 If the patient is lost to 
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follow-up during Period 2, t, < C2; ~ t11 . 

If the patient does not have any episode during observation, it is assumed that 

the patient has the first episode of the event after the observation is terminated: 

i.e., t; > c2, for the patients who are observed beyond t, and t, > en for the 

patients who are lost to follow-up during Period 1. 

For N, patients who have the first episode during Period 1, the contribution of 

the likelihood is its density function , f1(t1) , given as 

(6) 

For N Jc patients who have no episode during Period 1 but are lost to follow-up at 

eli (0 ~ eli ~ t,), the contribution of the likelihood is its survivor function , 

s ,(c1i) 

(7) 

The probability that a patient has no episode during [O,t) where t, < t ~ t11 is 

given in equation 5. Therefore, for N2 patients who have the first episode 

during Period 2, the contribution of the likelihood is its density function, h(t,) 

h(t,) = exp(-t.., t,) t..2exp(-t..2(t,-t,)) 

= exp( -t.., c,,) t..2exp( -A.2 (t,-t,)) (8) 

For N2c patients who have no episode during Period 1 as well as during [t1,c2; ] of 

Period 2, the contribution of the likelihood is its survivor function , S2(c2;) 

(9) 

The number of whole patients, N, is given as N = N, + N,c + N2 + N2c- The 

likelihood, L(t..1, f..2) is given as 

L( t..,, f..2) = n f,(t;) n S,(c ll) n f2(l;) n S2(c2;) (10) 
N 1 N1c N2 N2c 
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and 

= L log f,(t;) + L log S,(c,,) + L log h (t;) L log S2(C2;) 
N1 N!c N2 N2(,' 

= N, log A., - A., [ L I; + L c11] + N2log :>..2 - A.2[L (1;-t,) + L (c2,-t;) ] (11) 
N1 N N1 N2 N2c 

If two quantities X11 and X2; are defined as 

X21 = 0 if I; < I; or c11 < I; 

= min((t,-t,),c2,-t;)) (12 ) 

equation 11 is rewritten as 

(13) 

The mles are obtained by solving 

iJ II iJ 1.. 1 = 0 and iJ II iJ :\.2 = 0 (14) 

leading to mles of 

(15) 

It may be noted that two rates estimated according to equation 15 are free from 

the 'skewing effect' mentioned in some PEM reports30
-
39

. In addition, the 

estimates are independent of each other to allow the use of the standard 

statisitical test on the difference of two rates52'5"- These points are further 

discussed in the text. 
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