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EC~OTmOVHATE IODIDE (ECH) (phospholine iodide), a potent miotic when 
used in conjunctival instillation, has gained increasing popularity in recent years 
for the treatment of chronic glaucoma and for concomitant esotropia. 1 Soon 
after its introduction into clinical practice, both local and systemic side-effects 
were reported by several investigators. 2-6 Since a potent inhibitory effect of ECH 
on both the true (red cell and brain) cholinesterases and pseudo (plasma and 
liver) cholinesterases of man both in vitro and in vivo was reported, 7,s it was not 
unexpected when cases were recently reported of prolonged apnoea after 
administration of succinyldieholine dichloride in patients who received ECH 
eyedrops for prolonged periods. 9,1~ Although the appearance of cholinergic side- 
effects is primarily dependent on the inhibition of true cholinesterase, the inhibi- 
tion of human plasma pseudoeholinesterase is of greater importance to anaes- 
thesiologists because file detoxiflcation of succinyleholine and the ester-type local 
anaesthetics primarily depends on their enzymatic hydrolysis by pseudocholines- 
terase.11.1~ 

In view of the above findings, the laboratory determination of the pseudo- 
cholinesterase activity was carried out in patients undergoing treatment with 
ECH eyedrops. 

MA~amLS Ah~D METHODS 

Seventy-one patients, treated with ECH eyedrops for periods of two months 
to seven years, were selected at random. The only reason for the exclusion of 
patients from the study was a clinical history or evidence of liver impairment, 
because liver damage reduces pseudocholinesterase activity. 13 

Table I presents the age and sex distribution of the patients. The division of 
age groups was based on the observed ditterences in pseudocholinesterase activity 
of normals) 4 Since the pseudocholinesterase activity of females was reported to 
be significantly lower than that of males, 15 probably because of the reduced 
levels observed during pregnancy, 15 the patients were grouped according to sex. 
The sex difference, however, has little bearing on our results, for only 30 per cent 
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TABLE I 

AGE AND SEX DISTRIBUTION OF THE PATIENTS 

Sex distribution 

Age groups male female total 

6 mos.-2 yrs. 0 1 1 
2-15 yrs. 7 11 18 
15-65 yrs. 14 12 26 
Over 65 yrs. 14 12 26 
All age groups 35 36 71 

of the females fell into the childbearing age. Similarly, none of the patients 
belonged to the age group below six months. Therefore, no consideration need 
be given to the low pseudocholinesterase values observed in the neonatal period, lr 

The duration of treatment with ECH in the various age groups is presented in 
Table II. In the age group between 0 and 15 years, 19 patients were treated for 
accommodative esotropia. Therefore, 15 of these patients received treatment from 
six months to two years. Only two patients received therapy for more than the 
two-year period. In contrast, 52 patients in the age groups of 15 to 65 years and 
over 65 years were equally distributed in the three treatment periods. The 
average duration of treatment on ECH in 21 patients treated over two years was 
approximately five years. 

TABLE II 
DURATION OF THE TREATMENT WITH ECHOTHIOPHATE 

Age groups < 6  mos. 6 mos . -2  yrs. > 2 yrs. 

6 mos.-2 yrs. 1 0 0 
2-15 yrs. 1 15 2 
15-65 yrs. 8 9 9 
Over 65 yrs. 6 10 10 
All age groups 16 34 21 

The patients received approximately two drops of ECH 0.06 per cent solution 
in each eye three times a week. 

Laboratory Studies 
Heparinized fasting-state blood samples were immediately entrifuged at 2600 

r.p.m, for 20 to 30 minutes and the plasma was separated. The samples were kept 
in a refrigerator at 4 ~ C. until measurements were made. The plasma cholinesterase 
activity of the patients was determined by Kalow's spectrophotometrie method. TM 

The hydrolysis rates of 5.0 x 10 -5 M of benzoyl choline chloride and procaine 
hydrochloride respectively were studied. Dilutions of heparinized human plasma 
were 1:200 for benzoylcholine and 1.10 for procaine in a phosphate buffer at 
pH 7.4 and at 37 ~ C. All determinations were carried out in duplicate within 
24 hours after the blood samples were taken. 
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RESULTS AND DISCUSSION 

Patients with Normal Hydrolysis Rates 
The mean hydrolysis rates of benzoylcholine and procaine by the pseudo- 

cholinesterase of 45 patients with normal activity are presented in Table III. The 
rates were considered normal when both substrates were hydrolysed at a rate 
greater than 66 per cent of normal values formerly reported. 12,1s 

When the patients were grouped according to the duration of ECH treatment, 
no correlation was observed between the duration of treatment and the hydrolysis 
rates of the substrates, since, out of 45 patients with normal activity, ten patients 
(22~;) had received treatment for over two years, ten patients (22~) for less than 
six months, and 24 patients (56%) for six months to two years (see also Table V). 

Patients with Reduced Activity 
The mean hydrolysis rates of benzoylcholine and procaine by pseudocholines- 

terase of 26 patients with reduced activity are summarized in Table IV. From the 
comparison of Table IV with Table III, it is evident that the hydrolysis rates 
for both benzoylcholine and procaine were reduced two to threefold as compared 
to normal. When the hydrolysis rates of benzoylcholine and procaine were 
regrouped according to the duration of the treatment, as shown in Table V, 
chi-squared tests showed no definite correlation between the duration of treatment 
and the mean hydrolysis rates. Based on these results, however, one out of four 

TABLE III  

HYDROLYSIS RATES OF BENZOYLCHOLINE AND PROCAINE OF PATIENTS WITH NORMAL 
CHOLINESTERASE ACTIVITY 

Hydrolysis rates* 

benzoylcholine procaine 
Average 

Sex age mean S.D. mean S.D. 

Males (15) 45 104,5 29.56 1.12 0.23 
Females (30) 42 81.4 23.02 1.09 0.34 
Group (45) 43 89.1 27.37 1.10 0.31 

*Expressed as umoles of substrate  hydrolysed by 1 ml. plasma in one hour. 

TABLE I V 

HYDROLYSIS RATES OF BENZOYLCttOLINE AND PROCAINE OF PATIENTS WITH 
REDUCED CHOLINESTERASE ACTIVITY 

Hydrolysis rates* 

benzoylcholine procaine 
Average 

Sex age mean S.D. mean S.D. 

Males (20) 56 44 .0  15.88 0. 551 0.187 
Females (6) 61 28.0 16.06 0.368 0.138 
Group (26) 57 40.3 17.06 0. 507 0.174 

*Expressed as umoles of subst ra te  hydrolysed by 1 ml. plasma in one hour. 
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TABLE V 
CORRELATION OF THE DURATION OF ECHOTHIOPHATE TREATMENT WITH PLASMA 

CHOLINESTERASE ACTIVITY* 

Hydrolysis ratest 
Duration of Type of PCHE No. of 
treatment activity patients bech. proc. 

Less than normal 10 (63%) 89.18 1.161 
6 months (16) reduced 6 (37%) 39.78 0. 287 
6 months to normal 25 (74%) 90.10 1.117 

2 years (34) reduced 9 (26%) 44.93 0.550 
More than normal 10 (48%) 86.40 i .016 

2years (21) reduced 11 (52%) 36.88 0.546 

*The results of the above chi-squared tests indicate that there is no correlation 
between duration of treatment and the hydrolysis rates for males and females. 

tExpressed as ~moles of substrate hydrolysed by 1 ml. plasma in one hour. 

patients (26~;) after six months to two years treatment, and one out of two (52~;) 
patients with over two years of ECH treatment may be expected to have twofold 
to threefold reduction in pseudocholinesterase levels. 

The Relation of Pseudocholinesterase Level to the Possible Occurrence of 
Prolonged Apnoea 

Our results indicate that of the total number of patients studied, 37 per cent 
showed at least a 50 per cent reduction of pseudocholinesterase activity. One out 
of seven patients on ECH treatment had a fourfold reduction. Foldes et al. 2 
observed that a twofold reduction in pseudocholinesterase activity results in 
twofold prolongation of apnoea after the intravenous administration of succinyl- 
choline. Therefore, an identical, moderate prolongation of apnoea may be 
expected after the administration of succinylcholine to one patient out of three on 
chronic ECH treatment. A markedly prolonged apnoea, however, is likely to 
develop in only one out of seven patients with a reduction of cholinesterase 
activity to 20--25 per cent of the normal level, as formerly observed in patients 
with severe liver damage. 12 Caution must be exercised in the administration of 
succinylcholine to these patients. Indeed, two recent reports, ~176 document the 
occurrence of prolonged apnoea after large doses of succinylcholine in patients 
on ECH treatment. 

It is important to emphasize that succinylcholine should be used with caution 
when large amounts of the ester-type hydrolysable local anaesthetics are used 
for epidural anaesthesia, since the onset, severity, and duration of toxic reaction 
caused by these drugs are directly related to their enzymatic hydrolysis rates, 
after accidental intravascular injection or systemic absorption. 13 

It is of clinical interest that in one patient the hydrolysis rate of benzoylcholine 
(7.56/zmoles/1 ml. of plasma/1 hr.) was so low that it aroused suspicion that 
this individual possessed an atypical pseudocholinesterase. Determination of the 
dibucaine number by Kalow's method ~1 (DN = 0) substantiated this assumption. 
Since this anomaly occurs in one out of 3,000 individuals, its occurrence was 
likely due to chance. It is surprising, however, that this patient, otherwise 
resembling the other patients presented, had shown no clinical evidence of 
increased cholinergic systemic activity while on ECH treatment. 
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Although it has been claimed 4 that the determination of red cell cholinesterase 
activity is a more valid index of systemic absorption of echothiophate than 
pseudocholinesterase, neither our results nor the relative in vitro inhibitory effect 
of ECH on plasma and red cell cholinesterase substantiates this assumption. 8 We 
feel that the determination of pseudocholinesterase activity serves as an accurate 
estimate of the degree of systemic absorption of ECH. 

Special caution must also be exercised with persons who are in contact with 
insecticides or who are receiving some cytostatie anti-cancer drug, because of the 
additive and cumulative inhibitory effect of these medications with ECH on 
cholinesterases.22 

SVMM~Y 

Plasma cholinesterase activity was determined in 71 patients receiving echo- 
thiophate eyedrops. A twofold reduction in plasma cholinesterase activity was 
found in one-third of the patients and a fourfold reduction in one of every seven 
patients on echothiophate eyedrops. No correlation was found between the 
duration of the treatment and the plasma cholinesterase levels found in any of 
the age groups of patients. Special caution must be exercised with patients on 
echothiophate iodide eyedrops when succinylcholine or ester-type, hydrolysable 
local anaesthetics are administered in order to prevent prolonged apnoea and/or 
toxic reactions. 

l ~ s ~  

Nous avons 6tudi6 l'aetivit6 eholinest6rasique du plasma ehez soixante-et-onze 
malades qui, durant des p6riodes allant de deux mois ~t sept ans, avaient 6t6 
trait6s avec de l'iodure d'6chothiophate en gouttes dans les yeux. Nous avons 
recherch6 les taux d'hydrolyse du chlorure de benzoylcholine et du chlorhydrate 
de procaine. Parmi les soixante et onze malades 6tudids, 37 pour cent avaient un 
taux d'hydrolyse inf6rieur a 50 pour cent de la normale. Les taux d'hydrolyse de 
Ia benzoyleholine des malades males et femelles, dont l'activit6 6tait normale, ont 
6t6 de 104.5 - et de 81.4 - 23 et ceux de la procaine pour les hommes et les 
femmes 6taient 1.12 - 0.23 et 1.09 +- 0.34 micromole/1 hre./1 ml. de plasma. Les 
taux d'hydrolyse des malades m~des et femelles, dont l'activit6 6tait r6duite, 
6taient 44.0 --- 15.9 et 28.0 - 16.1 pour la benzoyleholine et, pour la procaine, ils 
6taient 0.551 • 0.186 et 0.370 - 0.138 micromoles/1 hre./1 ml. de plasma. Etant 
donn6 que, un malade sur sept avait au delft de 75 pour cent de r6duetion de son 
aetivit6 enzymatique et quelques uns m4me avaient une rdduction supdrieure ~t 
90 pour cent il s'impose d'4tre prudent dans l'usage, chez de tels malades trait6s 
par l'iodide d'6ehothiophate du chlorure de suceinylcholine, de certains agents 
anesthdsiques locaux du type ester, de fagon ~t prdvenir rapnde et, respectivement, 
les r6actions toxiques. 
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