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Abstract

Objective: Organophosphates are the insecticides commonly used worldwide. Inadequate treatment for organophosphates poisoning
increases morbidity, and mortality. Purpose of the work was to determine the effect of standard treatment alone versus standard
treatment plus plasmapheresis on the levels of serum pseudo-cholinesterase, and erythrocyte acetyl cholinesterase in severe patients with
organophosphates poisoning.

Material and Method: This research is a prospective study. Patients diagnosed with organophosphates poisoning were included in the work.
The patients were divided into two groups as the intervention group, and the standard group. The intervention group, plasmapheresis was
performed in addition to the standard treatment.

Results: The research was conducted with forty cases. (Intervention group n=21, standard group n=19). Serum pseudo-cholinesterase
values were 482.5 u/L at baseline, 3723 u/L after plasmapheresis. Erythrocyte acetyl cholinesterase values were 1.91 u/mL on admission,
2.53 u/mL after plasmapheresis. Erythrocyte acetyl cholinesterase and serum pseudo-cholinesterase values were compared between the
two groups daily from the admission of patients to intensive care units during the first 5 days, and on the last day in the intensive care units.
There was no statistical difference between two groups (p> 0.05), except for the second day. It was observed that there was a statistically
significant difference between the pseudo-cholinesterase values in the second day comparison of both groups (p=0.028).

Conclusion: In conclusion, plasmapheresis treatment may contribute positively to pseudo-cholinesterase level. This treatment may have
provided additional time for the organophosphates to be eliminated from the body. Although acetyl cholinesterase reactivation is achieved
with oxime treatment, the clinical effect of this treatment is not clear.

Keywords: Erythrocyte acetyl cholinesterase, Intensive care units, Organophosphate poisoning, Plasmapheresis, Pseudo-cholinesterase.

Ozet

Amag: Organofosfatlar diinya ¢capinda yaygin olarak kullanilan insektisitlerdir. Organofosfat zehirlenmelerinde yetersiz tedavi morbidite ve
mortaliteyi artirmaktadir. Calismanin amaci, organofosfat zehirlenmesi olan ciddi hastalarda serum ps6do-kolinesteraz ve eritrosit asetil
kolinesteraz duzeyleri Uzerinde standart tedaviye karsi, standart tedavi arti plazmaferezin etkinligini arastirmaktir.

Gerecg ve Yontem: Bu arastirma prospektif bir calismadir. Calismaya organofosfat zehirlenmesi tanisi alan hastalar dahil edildi. Hastalar
mudahale grubu ve standart grup olarak iki gruba ayrildi. Midahale grubuna standart tedaviye ek olarak plazmaferez tedavisi uygulandi.
Bulgular: Calismaya kirk hasta alinmistir (midahale grubu n:21, standart grup n:19). Baslangicta serum psddo-kolinesteraz degerleri
482,5 u/L, plazmaferez sonrasi 3723 u/L idi. Eritrosit asetil kolinesteraz degerleri basvuruda 1,91 u/mL, plazmaferez sonrasi 2,53 u/
mL idi. Eritrosit asetil kolinesteraz ve serum psddo-kolinesteraz degerleri hastalarin yogun bakima kabullnden itibaren ilk 5 giin ve yogun
bakimdaki son giin degerleri iki grup arasinda karsilastirildi. iki grup arasinda 2. giin disinda istatistiksel fark yoktu (p> 0,05). Her iki grubun
ikinci gun karsilastirmasinda psddo-kolinesteraz degerleri arasinda istatistiksel olarak anlamli fark oldugu goéruldu (p=0,028).

Sonug: Sonug olarak, plazmaferez tedavisi psddo-kolinesteraz dlizeyine olumlu katki saglayabilir. Bu tedavi organofosfatlarin viicuttan
atilmasi icin ek sire saglamis olabilir. Asetil kolinesteraz reaktivasyonu oksim tedavisi ile saglansa da bu tedavinin klinik etkisi net degildir.
Anahtar Sézciikler: Eritrosit asetil kolinesteraz, Organofosfat zehirlenmesi, Plazmaferez, Psédo-kolinesteraz, YBU.
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Introduction

Organophosphate (OP) compounds are among the most
widely used insecticides around the world due to their low
cost, and rapid effects (1, 2). These OP groups are also widely
used in our country, and have an important place among the
causes of poisoning (3, 4). When the causes of poisoning
are examined, it is seen that they are caused by use in the
field of agriculture, accidental exposure to the compounds, or
suicide attempts (2, 4, 5). Delayed diagnosis, and inadequate
treatment in patients with OP poisoning are factors that
increase morbidity, and mortality (2, 6, 7). For this reason,
early diagnosis, and appropriate treatment of OP poisoning
is lifesaving. Patients diagnosed with OP poisoning should be
followed up, and treated by multidisciplinary intensive care
units (ICU), and theirteams (3). New treatment modalities have
recently been applied in addition to standard treatment in OP
poisoning (8-11). Plasmapheresis is a therapeutic procedure
used in many medical conditions that ensures the removal of
plasma compounds such as antibodies, immunocomplexes,
endogenous, and exogenous toxins from the body. In
plasmapheresis, fresh frozen plasma (FFP), human albumin,
and colloidal fluids may be used as replacement fluid. FFP is
the most important source of pseudocholinesterase (PChE).
In some previous studies, it has been determined that fresh
frozen plasma has cholinesterase activity at adequate
levels, and its use in patients with OP poisoning may reduce
mortality, and morbidity, and it has been concluded that
plasma cholinesterase functions as a reserve, and back-up
for erythrocyte acetyl cholinesterase (AChE) (8, 11).

OP insecticides inhibit AChE, and cholinesterase enzymes,
resulting in a clinical situation with overstimulation of
cholinergic synapses. Today, in cases with OP poisoning, the
serum PChE values are measured, and the diagnosis, and
treatment management of the patients are performed (12).
The serum cholinesterase enzyme can be highly variable due
to hereditary deficiency. This situation reduces the diagnostic
value of serum cholinesterase enzyme in OP poisoning cases.
Some studies have shown that erythrocyte AChE activity
serves as a key biomarker for synaptic AChE (13).

We hypothesize that if the patients with OP poisoning are
subjected to standard treatment plus plasmapheresis with
fresh frozen plasma, the PChE, and erythrocyte AChE levels
return to normal in a shorter time. Rapid elevation of these
enzymes may decrease morbidity, and mortality associated
with OP poisoning.

Primary purpose of this study was to compare the levels of
serum PChE, and erythrocyte AChE daily between the patients
diagnosed with OP poisoning that are subjected to standard
treatment plus a single plasmapheresis, and those subjected
to standard treatment alone during the hospitalization in the
ICU.

Secondary purpose was to compare clinical data, such as
ventilator-associated pneumonia incidence, number of days
on mechanical ventilation, and length of ICU stay between
two groups above.

Material and Methods

Research design and setting

The work has been carried out prospectively in Medical
ICU. A certificate was obtained from the Ethics Committee for

the study (Ethics Committee Decision no: 01/32). Consent
has been obtained personally for the conscious patients, and
from their legal guardians for the unconscious patients.

Selection of participants

Patients above 16 years old that were diagnosed with OP
poisoning in emergency department, have PChE levels below
normal value, and were indicated for hospitalization in the
intensive care were enrolled inthe study. The patient’s relatives
were requested to bring the causing OP compound from home,
and OP compound was demonstrated to cause the poisoning.
Among the patients visiting the emergency department with
pre-diagnosis of OP poisoning, those with normal PChE level,
without evidence of OP compound or rejecting to give consent
have not been enrolled in the study. Standard treatment was
applied to patients who applied to the emergency department
with OP poisoning, plasmapheresis treatment was also
recommended, and patients who accepted plasmapheresis
treatment were included in the plasmapheresis intervention
group. Although the cases included in the research were
randomized, those who were in worse condition generally
accepted the plasmapheresis procedure.

Randomization

-Patients admitted to the intensive care unit were then
randomized. One session of plasmapheresis was performed
to the patients in study group (intervention group) on the first
day in addition to the standard treatment in the ICU for OP
poisoning, and standard treatment alone was administered
to the standard group (control group).

Outcome measures

Primary outcome was to compare serum PChE, and
erythrocyte AChE levels of the patients in the intervention
group, and the control group for the first 5 days from
admission to the ICU, and on the discharge day in order to
evaluate efficacy of plasmapheresis.

Secondary outcome was to compare clinical data, such
as ventilator-associated pneumonia incidence rates, number
of days on mechanical ventilation, number of days stayed
in the intensive care unit, between the group treated with
plasmapheresis, and the group administered standard
treatment.

After admission of the patients to the ICU, demographic
data, OP compound causing poisoning, way of poisoning,
cause of poisoning were noted. Acute Physiology and Chronic
Health Evaluation Il (APACHE II) score and Glasgow Coma
Score (GCS) were calculated. Patients were also followed up
daily for mechanical ventilation need, new infections, and
rhythm disorders on electrocardiogram (ECG), and the findings
were noted. Atropine and pralidoxime (PAM) usage durations,
and amounts were noted. Intermediate syndrome (IMS)
incidence, number of days on intensive care, and intensive
care mortality were also noted. IMS occurs approximately 24-
96 hours after toxicity. The clinical situation is after resolution
of the acute cholinergic crisis, and before the onset of delayed
neuropathy, some patients develop muscle paralysis (12,14).

Once the patients were diagnosed, standard treatment
for OP poisoning was initiated. Standard treatment included
administration of general care, and supportive therapy,
providing respiratory support to the patient as well as
administration of activated carbon, and gastric lavage in the
conscious patients. The patients with respiratory failure were
intubated and monitored on mechanical ventilation. Patients
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whose breathing became shallow, who could not protect the
airway due to excessive secretions orimpaired consciousness,
and whose GCS was <8 were intubated.

Atropine, and PAM treatment initiated in emergency
department was continued in the ICU. Atropine was started
in the diagnosed patients at the initial dose of 1-2 mg
intravenously, and it was repeated every 5-10 minutes with
dose adjustment based on their individual clinical status.
Treatment was continued with infusion at 0.5-2 mg/hour
based on the clinical status of the patient. Dose of atropine
infusion was adjusted based on the cholinergic findings.
It was administered until hypersecretion is controlled, and
discontinued 24 hours after appearance of atropinization
signs. In case of that the symptoms reoccurred atropine
infusion was reinitiated. Intravenous bolus dose of PAM was
1000 mg. Thereafter, treatment was continued with infusion
at4 mg/kg/hour. PAM treatment was continued for 72 hours.
Total doses of atropine, and PAM given to each patient were
calculated.

Laboratory

In order to check PChE levels, 2 cc blood was taken into
the biochemistry tubes with gel from intervention group
patients before and after plasmapheresis, during the first 5
days in the ICU, and on the discharge day, and from control
group patients during the first 5 days in the ICU and on
the discharge day. Serum PChE levels were measured by
OLYMPUS 2700 device using the original kit (reference range
3930-10800 u/L). PChE value of fresh frozen plasma used in
plasmapheresis was 7069.81+305.18 u/L.

Similarly, blood was taken into CBC tube from the
intervention group patients before and after plasmapheresis
for erythrocyte cholinesterase testing. The blood samples
were kept in the fridge at +4°C. Erythrocyte cholinesterase
was measured by spectrophotometry Kkits. Erythrocyte
cholinesterase was tested with Test-mate ChE Cholinesterase
Test System Model 400 (EQM Research brand) device using
AChE Erythrocyte Cholinesterase Assay Kit (Model 460)
original kit. The procedure of this test uses the EIman method.
Carboxylic acid, and thiocholine are formed upon hydrolysis of
AchE, and Acetylcholine. Thiocholine Ellman reagent (DTNB,
dithionitrobenzoic acid) reacts, the formed yellow color is
measured with spectrophotometry at 450 nm wavelength.

Plasma corresponding to total plasma volume was
used in one session of plasmapheresis. One session of
plasmapheresis was performed on the first day. All side
effects observed during the procedure were noted.

Statistical Analysis

SPSS 22.00 (Statistical Packages for Social Sciences;
SPSS Inc. Chicago, lllinois, USA) and Sigma stat 3.5 133
programs were used for statistical analyses in the study.
Qualitative variables were presented using percentages,
and frequencies. Mean and standard deviation were used
for normally distributed quantitative variables, median, and
ranges were used for non-normally distributed quantitative
variables. Normality of data was tested by ‘Shapiro-Wilk’ test.
Comparisons between qualitative variables were done with
using Chi-square test. Comparison of continuous variables
was done with using Student’s t test for normally distributed
independent variables, and Mann Whitney U test for non-
normally distributed independent variables. The statistical
significance was set at p<0.05.

Results

A total of 40 cases were included in this study. Twenty-
one patients were assigned to the plasmapheresis group
(intervention group), and 19 patients were assigned to the
standard group (control group). Detailed demographic data,
and clinical results of the patients are presented in Table |. OP
poisoning was mostly caused by dichlorvos (20%), malathion
(12.5%), and monocrotophos 12.5% (Table II).

Table I. Patient demographic and clinical characteristics

. General Intervention Control

Variables _ group group Pvalue
(n=40) (n=21) (n=19)

Agez SD, years 37+16 41 + 16 33+15 | 0.114
Gender, n (%)
Male 24(60) 14(35) 10(25)
Female 16(40) 7(17.5) 9(22.5) | 0-520
APACHE Il score, + SD 915 11.38+4.33 | 9+3.85 | 0.037
Length of ICU stay (range), day 6 (3-26) 7 (5-26) 6 (3-10) | 0.153
Duration of MV stay (range), day | 4 (2-17) 5 (2-17) 4(3-7) 1.000
Need for MV, n (%) (035‘7) 7 (%33) 4 (%21) | 0.607
VAP, n (%) 6 (15) 4 (60) 2 (40) 0.550

APACHE II: Acute Physiology, Age, Chronic Health Evaluation Il, ICU: Intensive Care Unit,
MV: Mechanical Ventilation, VAP: Ventilator Associated Pneumonia

Table Il. OP compounds that cause of intoxication

OP compound Number (%) (n = 40)
Dichlorvos 8(20)
Monocrotophos 5(12.5)
Malathion 5(12.5)
Chlorpyrifos 4 (10)
Diazinon 4 (10)
Clofenvinfos 3(7.5)
Methidathion 3(7.5)
Coumaphos 2 (5)
Parathionmetil 2 (5)
Triklorfon 2 (5)
Azinphosmetil 1(2.5)
Methamidophos 1(2.5)

Based on the evaluation of the patients by the cause of
poisoning, intervention group included 15 (71.4%) patients
poisoned due to suicide attempt, and 6 (28.6%) patients
accidentally poisoned. Control group included 14 (73.7%)
patients poisoned due to suicide attempt, and 5 (26.3%)
patients accidentally poisoned.

Based on the patient’s history data, 20 (95.2%) patients
were poisoned orally, and 1 (4.8%) patient was poisoned by
respiratory route in the intervention group, while 19 (100%)
patients were poisoned orally in the control group. Patients in
both groups continued to live.

IMS occurred in 2 (9.5%) patients in the intervention group.
IMS did not occur in control group. Morbidity was present 8
(38.1%) patients in the intervention group and 7 (36.8%)
patients in the control group. Causes of morbidity are given in
Table Ill. There was no significant difference between the two
groups in terms of atropine administration time and atropine
amount (p = 0.454, p = 0.735, respectively). Additionally,
when both groups were compared, no statistically significant
difference was observed in terms of PAM administration time
and amount (p=0.714, p=0.518, respectively) (Table IV).
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Table lll. Causes of morbidity in patient with OP poisinin

Intervention Total (n)
group (n)

4

Causes of morbidity Control group

(n)
2

VAP
uTl
GIB

Aspiration pneumonia

Catheter infection

Thrombosis

Rrlrlr|lw|lr|dv]o

Candida esophagitis
Total
p=0.550

o|lo|lr|r]|r|lo]|r
Nk lolo|ve]R

VAP:Ventilator associated pneumonia, UTl:Urinary tract infection, GIB:Gastrointestinal
bleeding

Table IV. Comparison of atropine and PAM treatment,
duration and dose amount between two groups

Intervention group Control group P value

(n:21) (n:19)
Atropin duration, SD (day) 4.31+2.11 3.84+1.76 p=0.454
Atropin total dose,SD (mg) 83.33 £49.34 88.79+75.41 p=0.735
PAM duration, SD (day) 2.76+0.90 2.79+0.95 p=0.714
PAM total dose, SD (mg) 16641.14+5084.32 | 15497.68+5996.58 | p=0.518

PAM: Pralidoxime

After admission to the ICU, serum PChE values of the
patients of intervention group, and control group were
compared daily during the first 5 days, and on last day of
intensive care. There was no statistical difference between
two groups, except for the 2nd day. It was observed that
there was a statistically significant difference between the
PChE values in the second day comparison of both groups
(p=0.028). (Table V) (Figure I).

Figure I. Median serum PChE levels over time between
intervention and control treatment groups
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Figure 1 legend: On day 1, serum PChE level of the patients was 388 (218- 2092) u/L
in plasmapheresis group, and 637 (177-3883) u/L in control group (p=0.155). On day
2, serum PChE level of the patients was 4112 (174-7078) u/L in plasmapheresis group,
and 1423 (194-4800) u/L in control group (p=0.028). On day 3, serum PChE level of
the patients was 2819 (181-1918) u/L in plasmapheresis group, and 1781 (231-4764)
u/L in control group (p=0.250). On day 4, serum PChE level of the patients was 2857
(161-9993) u/L in plasmapheresis group, and 1920 (263-4029) u/L in control group
(p=0.323). On day 5, serum PChE level of the patients was 1175 (178- 8464) u/L in
plasmapheresis group, and 1477 (181-3439) u/L in control group (p=0.514). Serum
PChE level of the patients was 3773 (121-10597) u/L in plasmapheresis group, and
2233 (239-4454) u/L in control group (p=0.261) on the discharge day.

Table V. Serum PChE levels over time between intervention
and control treatment groups

PChE level Intervention, u/L Control, u/L P-value

Day 1 388 (251.50- 637 (351.50- 0.155
643.75)* 1966.25)

Day 2 4112 (174-7078) 1423 (194-4800) 0.028
Day 3 2819 (181-1918)* 1781 (231-4764) 0.250
Day 4 2857 (161-9993) 1920 (263-4029) 0.323
Day 5 1175 (178-8464)* 1477 (181-3439) 0.514
Discharge day | 3773 (121-10597)* 2233 (239-4454) 0.261

PChE: Pseudo-cholinesterase , P*=<0.001

The mean PChE value of the intervention group at the first
admission to the hospital was found to be 388 (range: 218-
2092) u/L, but after plasmapheresis treatment, mean PChE
value was found to be 3723 (range:541.50-5422.25) u/L.
There was a significant difference when PChE hospitalization
value, and post-plasmapheresis value were compared
(p<0.050). There was also a significant difference, when
PChE admission value was compared with the 3rd day, 5th
day, and discharge value (p <0.001) (Table V).

Intervention group AChE values were compared between
days, there was no significant difference (p>0.05). After
admission to the ICU, erythrocyte AChE values of the patients
of intervention group, and control group were compared daily
during the first 5 days, and on last day of intensive care. There
was no statistically significant difference between two groups
(Table V) (Figure II).

Complication occurred in 5 patients (23.8%) during
plasmapheresis procedures. The most frequent complication
was hypocalcaemia (3 patients, 14.2%). Urticaria was
observed in 2 patients (9.5%). No patient died due to the
complications of plasmapheresis.

Figure Il. Median plasma erythrocyte AChE levels over time
between intervention and control treatment groups

Erythrocyte AChE levels, U/mL
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Figure 2 legend: On day 1, plasma erythrocyte AChE level of the patients was 1.76
(0.12- 4.85) um/L in plasmapheresis group, and 2.05 (0.19-4.84) u/mL in control
group (p=0.871). On day 2, plasma erythrocyte AChE level of the patients was 2.39
(0.01-3.90) u/mL in plasmapheresis group, and 2.20 (0.19-4.27) u/mL in control group
(p=0.914). On day 3, plasma erythrocyte AChE level of the patients was 2.12(0.07-4.30)
u/mL in plasmapheresis group, and 2.14 (0.27-4.20) u/mL in control group (p=0.705).
On day 4, plasma erythrocyte AChE level of the patients was 2.14(0.07-3.58) u/mL in
plasmapheresis group, and 1.89 (0.27-4.24) u/mL in control group (p=0.645). On day 5,
plasma erythrocyte AChE level of the patients was 2.27 (0.12-4.19) u/mL in plasmaphe-
resis group, and 1.45 (0.19-4.01) u/mL in control group (p=0.581). Plasma erythrocyte
AChE level of the patients was 1.81 (0.09-3.92) u/mL in plasmapheresis group, and
2.21 (0.41-4.37) u/mL in control group (p=0.250) on the discharge day
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Table VI. Erythrocyte AChE levels over time between
intervention and control treatment groups

AChE level Intervention, u/mL Control, u/mL P-value
Day 1 1.76 (0.12-4.85) 2.05 (0.19-4.84) 0.871
Day 2 2.39(0.01-3.90) 2.20(0.19-4.27) 0.914
Day 3 2.12(0.07-4.30) 2.14 (0.27-4.20) 0.705
Day 4 2.14(0.07-3.58) 1.89 (0.27-4.24) 0.645
Day 5 2.27 (0.12-4.19) 1.45 (0.19-4.01) 0.581
Discharge day 1.81 (0.09-3.92) 2.21(0.41-4.37) 0.250

AChE: Acetyl cholinesterase

Discussion

In this study, serum PChE and erythrocyte AChE levels
of the patients hospitalized due to OP poisoning that were
subjected to standard treatment, and standard treatment
plus plasmapheresis were compared daily during their
treatment in the ICU. The main treatment for OP poisoning
is administration of atropine, and PAM (15). Atropine is a
muscarinicantagonist(16,17). The oximes provide reactivation
of the AChE by removing the phosphoryl group attached to the
active site of AChE as a result of OP toxicity in its region (18).
Oximes are supportive agents in treatment, and some studies
have shown that they may have some adverse effects (19).
PAM increases AChE reactivation, however, does not lead to
improved survival, or decreased intubation need (20). In a
study, duration and amount of atropine administration were
not associated with prognosis (21). In our study, there was no
significant difference between the two groups in terms of the
duration, and amount of both drugs.

Plasmapheresis is not a new treatment method for toxic
conditions and has been clearly shown to play an effective role
in many conditions (22). Under such difficult circumstances,
it may elevate cholinesterase levels and may be an effective
alternative (23). Guven et al. reported that plasmapheresis
was successfully used in the sepsis associated with
organophosphate poisoning. It was shown that the patient
who developed sepsis with OP intoxication, after performing
plasmapheresis with FFP for sepsis treatment, the PChE level
increased to normal levels, plasmapheresis increased the
PChE level, and contributed to the recovery of the patient (8).

Qiu et al. published a meta-analysis on 433 severe, and
acute OP poisoning cases. 211 patients were administered
standard treatment plus plasmapheresis, while 222 patients
were administered standard treatment alone. Meta-analysis
showed that mortality was lower in the plasmapheresis group
(24). In addition, in the case report presented in the literature,
it was shown that an effective treatment was performed with
plasmapheresis in a patient diagnosed with Guillain-Barre
Syndrome due to OP poisoning (25).

Measuring both plasma cholinesterase, and erythrocyte
cholinesterase levels are methods used to diagnose. The
results of these are important in terms of evaluating the
treatment (26, 27). In the study carried out by Liu et al., PChE
level elevated to 3823 IU/I from 200 IU/I within 21 days (28).
In our study, PChE level was 344 u/L during the first five
visit and on the discharge day. When the two groups were
compared in each other, there was no difference, except for
the second day. It was observed that there was a significant
difference between the second day values of the two groups

(p=0.028). AChE levels were not different between control,
and intervention groups. When the enzyme values of the
patients after plasmapheresis were compared with their
admission values, there was a significant increase in PChE
value. The positive effects of plasmapheresis may be in the
form of AChE increase, and / or PChE loading its role in the
absence of AChE. Possible mechanisms for AChE increase;
the affinity of PChE to OP may be greater than AChE. In this
way, AChE may be leaving the OP, and increasing in level, or
the PChE may act as a reserve for AchE, and be transforming.
The exact function of the PChE enzyme measured in OP
toxicity is unknown. AChE levels may be more important. It is
generally accepted that PChE normally has no physiological
function in the body. Before the physiologically important
AChE enzyme is inhibited by OP compounds in the target
areas, it is thought that replacement of PChE to the patient
may be a useful therapy by binding the circulating OP. PChE
has natural physiological functions in certain regions, and
functions by accompanying AChE in the regulation, and
support of cholinergic transmission (29). This supportive role
seems to become important, when AChE activity for some
reason is reduced, or lost (9). PChE in plasma binds to OP, and
inactivates them, thus protecting AChE. One PChE enzyme can
inactivate one OP compound (30). Brahmi et al. showed that
the decrease in erythrocyte AChE activity is a very important
prognostic factor in patients with OP poisoning. Levels below
23.5 mmol/mL is associated hypoxemia, hypotension, and
bradycardia (13).

Ashani et al. claimed that early administration of PChE
with good timing could prevent the crises that develop with
OP poisoning, the development of IMS, and the delayed
toxic effects of OP (30). FFP can be an important source of
PChE. Guven et al. showed that because FFP is an important
source of cholinesterase, it has sufficient enzyme activity,
and may play an important role in increasing the low PChE
level seen in OP poisoning (8). Increased PChE levels were
seen to be effective in preventing the development of IMS,
and associated mortality. In this study, it is thought that the
early application of FFP together with the initial antidote
treatment is more beneficial especially in the development of
IMS and the prevention of mortality (9). Yilmaz et al. applied
plasmapheresis treatment to 17 patients who developed
IMS as a result of OP poisoning, and a significant decrease
in plasma OP level, and a very significant increase in PChE
enzyme level in the early period were observed in patients
due to this treatment (31).

IMS may develop because of insufficient administration
of oximes used in medical therapy, and/or paralysis of
neuromuscular transmission because of long-term nicotinic
receptor stimulation. The administration of PChE, which is not
dependent on OP, with plasmapheresis can play an important
role in these cases. PChE administered to the patient may
also prevent the long-term adverse effects seen because
of AChE inactivation by the OP. In the presented study, IMS
developed in 2 patients in the plasmapheresis group, but
the patients continued to live. Plasmapheresis may have
contributed positively to the recovery of these patients.

The incidence of complications during plasmapheresis
varies from 4.6% to 36%. The most frequent complications are
chills, rigors, urticaria, and paresthesia and muscle cramps
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associated with hypocalcaemia caused by citrate (32-34). In
our study, mild hypocalcaemia symptoms in 3 patients, and
urticaria in 2 patients were observed. No severe complication
occurred. In the light of these data, when we evaluate the
plasmapheresis procedure in terms of risk, and incidence of
complications, it can be concluded that it is a safe method.

Studies have shown that APACHE Il values have high
prognostic importance in OP poisoning (35, 36). In our
study, absence of mortality in the patients group treated with
plasmapheresis with high APACHE Il values indicates that
plasmapheresis treatment is an important treatment method
in OP poisoning. Acute respiratory distress syndrome (ARDS)
has been reported after OP poisoning. It is not clear whether
ARDS in people with OP poisoning occurs after aspiration
or due to the direct effect of OP. Perhaps the cause of post-
aspiration deaths is related to ARDS. Differential diagnosis
of aspiration pneumonia and ARDS is very important for
effective treatment in these patients (37). In our study,
aspiration pneumonia was observed in a total of 3 patients
in both groups (intervention group: 1 patient, control group:
2 patients). There were no patients diagnosed with ARDS in
both groups.

Studies show that PChE has natural physiological
functions, accompanies AChE in regulating, and supporting
cholinergic transmission, and this back-up role becomes
more important, when AChE is suppressed, or absent.
Although AChE enzyme values did not differ between groups
in our study, the increase in AChE values after the procedure
in the patient group who underwent plasmapheresis supports
that PChE has a reserve, or back-up role for AChE. The idea
that the PChE enzyme given externally plays the role of this
enzyme in OP poisoning, in which AChE is inhibited, prevents
mortality, and morbidity that may develop, strengthened with
this study. PChE enzyme administered by plasmapheresis
binds to OP by competing with endogenous AChE, thus it is
thought to prevent, or reduce the toxic effect of OP.

The limitations of the study were that we did not perform
a power analysis according to the number of patients, single
session plasmapheresis, and open-label design. Another
limitation of our study was that it consisted of patients
poisoned by different physical characteristics OP that may
affect the benefit of plasmapheresis.

Conclusion

As a result, plasmapheresis treatment increases PChE
levels. Even if the APACHE Il score is high, individual death
may be prevented with PChE administered externally to the
patient. However, the effectiveness of these records is not yet
clear. This is a broad research area and new research needs
to be done.
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