
Prognostic Value of Long QT Interval in Acute and Severe
Organophosphate Poisoning

Shahin Shadnia, MD, PhDa, Arash Okazia, Navid Akhlaghia, Ghazal Sasanianb, Mohammad
Abdollahib

aLoghman-Hakim Hospital Poison Center, Faculty of Medicine and Toxicological Research Center, Shahid Beheshti University of
Medical Sciences, Tehran, Iran

bFaculty of Pharmacy, and Pharmaceutical Sciences Research Center, Tehran University of Medical Sciences, Tehran, Iran

ABSTRACT

Introduction: Suicidal poisoning with organophosphorus (OP) pesticides is common, particularly from rural areas. This high-
lights the importance of determining an OP poisoning prognosis to decide how aggressive treatment should be. There are reports
suggesting a relationship between prolonged corrected QT (QTC) interval and the severity of poisoning. We aimed to evaluate the
prognostic utility of this clinical tool in OP poisoning (OPP) patients.

Methods: Patients with the primary diagnosis of OPP who were admitted to the intensive care unit (ICU) of Loghman-Hakim
Hospital Poison Centre (LHHPC) were the subjects of this prospective study. Cholinesterase (CE) activity and the QTC interval was
determined for each patient using the Bazett formula and considering <440 msec as normal. Comparative outcomes of the study
were duration of both hospitalization and mechanical ventilation, serum CE activity on admission and its daily level, total amount
of atropine administered, analysis of the QT and QTC intervals in the primary ECG on admission and at the end of hospitalization,
and rate of mortality.

Results: The study included 42 patients with a diagnosis of OPP. The mean age of the patients was 32, ranged from 12 to 81 years
old. The mortality rate was 37.5%. There was no significant difference between two groups (prolonged and normal QTC intervals) ac-
cording to gender and age (p = .491 and p = .133, respectively). The CE level for long and normal QTC interval groups was 3.90 � 0.33
kU/L vs. 4.41 � 0.23 kU/L, respectively. The mortality rate in the long QTC group was significantly higher than that of the normal QTC
group (p = .044). Moreover, the average period of hospitalization in patients with prolonged QTC interval was higher than the other
group (p = .02). The average atropine required to control the muscarinic signs and symptoms such as salivation, bronchorrehea, and
miosis in patients with prolonged QTC interval was 38.60 mg; in patients with normal QTC interval it was 20.02 mg (p = .013).

Conclusion: QTC interval prolongation may have prognostic value in OPP.

INTRODUCTION

Organophosphate compounds (OPs) are one of the most common pesticides used to control agricultural and indoor pests. Gunnell
et al. [1] conducted a systematic review of the worldwide literature to estimate the number of pesticide suicides in each of the WHO’s
6 regions and the global burden of fatal self-poisoning with pesticides. They estimated 258,234 (plausible range 233,997–325,907)
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deaths from pesticide self-poisoning annually, accounting for
30% (range 27–37%) of suicides globally. The proportion of all
suicides using pesticides varies from 4% in the European region
to >50% in the Western Pacific region. It is estimated that there
are 34,000 suicides annually in the Middle East region, and 20%
of suicides in the Middle East region are the result of pesticide in-
gestion [1].

In Iran, organophosphate poisoning (OPP) is a major health
problem [2–5], and OPs are the main cause of pesticide poison-
ing and pesticide-related deaths in Tehran [6–10].

The mortality rate is between 2–30% despite appropriate
treatment [9–11]. Therefore, the prediction of mortality is impor-
tant to allow proper resource allocation and therapeutic aggres-
siveness. Although the plasma or urine OP concentrations,
cholinesterase (CE) activity, and serum ß-glucuronidase level
correlate with severity and mortality rates [12–18], these labora-
tory methods are not readily available and their usefulness re-
mains controversial [19]. The absence of specific laboratory
methods indicates the need for a clinically-based prognostic sys-
tem [20].

Studies on the cardiac effects of OPP have been inconclusive,
and sometimes conflicting results have been reported. A relation-
ship between a prolonged corrected QT (QTC) interval on the
electrocardiogram (ECG) of patients with OPP and the severity of
poisoning has been reported previously to assist in determining
prognosis and therapy [21].

In the current study, we aimed to investigate the relationship
between the QTC interval and both the severity and prognosis
of OPP.

MATERIALS AND METHODS

This prospective case-control study included all patients who
were admitted to the ICU of the Loghman-Hakim Hospital Poi-
son Centre (LHHPC) for 1 year. The study was approved by the
IRB and each patient’s relative gave written informed consent.

The diagnosis for all patients was OPP. Establishment of the
diagnosis in all cases was based on the history taken from the pa-
tients’ relatives, characteristic odor of the gastric contents, and
other circumstantial evidence, such as availability of a poison bot-
tle or a label found by the relatives, cholinergic clinical features
that resolved after atropinization, and decrease by >25% from
normal in serum CE activity on admission (normal range
>1900–2500 kU/L). Patients with diabetes mellitus; cardiovascu-
lar, respiratory, renal and/or hepatic failure; surgical operation in
the past 7 days; positive urine for conventionally-abused drugs;
co-ingestion with other agents; loss of consciousness at the time
of admission (Glasgow Coma Scale <12), which was responsive
to coma cocktails; and advanced medical management (treat-
ments such as gastrointestinal decontamination, administration
of atropine, oxime, and intubation and/or ventilation) for OPP in
any medical center before admission in LHHPC were excluded.

All patients received gastrointestinal decontamination in the
first 6 hours after the onset of poisoning, and oral activated char-

coal was administered in the emergency department (ED). All pa-
tients were treated with atropine, pralidoxime, and adequate hy-
dration under supervision of the same group of physicians and
received equivalent nursing services by the same ICU personnel.
All patients received endotracheal intubation and mechanical
ventilation.

Information for all patients—including gender, age, reason of
poisoning, route of exposure, duration of both hospitalization
and mechanical ventilation, serum CE activity on admission and
daily level, total amount of atropine administered, QT and QTC
interval on the ECG on admission and at the end of hospital-
ization, and outcome—were collected and recorded. The QTC
interval for all cases was determined by use of the Bazett formula
(QTC = QT/vRR) [22]. Calculation was done by physicians and by
calculator and not by ECG machine. Based on the length of QTC
interval, cases were divided into two groups of prolonged and
normal QTC interval. By definition, the QTC interval was con-
sidered prolonged if it was more than 0.44 seconds. To determine
the relationships among the collected data, the Chi Square and
the Student t-test were applied and a p value <.05 was considered
statistically significant.

RESULTS

Of 42 included cases, 47.6% (n = 20) were male and 52.4% (n =
22) were female. The age range was 12–81 years, with a mean age
of 32 � 16.3 years, and a median of 24 years (Table 1). Except
for 1 case, all cases were suicide attempts. The mortality rate was
35.7%, 66.7% (n = 10) of whom were male and 33.3% (n = 5)
 female. The average hospitalization period was 10.1 � 6.7 days
and the daily average of atropine administered was 30.9 �

23.25 mg.
As shown in Table 2, 25 (59.5%) patients showed a prolonged

QTC interval (501.6 � 14.34 msec) while 40.5% (n = 17) had a
normal QTC interval (395.88 � 10.04 msec). There was no sig-
nificant difference between the two groups according to sex and
age (p = .491 and p = .133, respectively). The mortality rate in the
patients with a prolonged QTC interval was higher than that of
the patients with a normal QTC interval (p = .044). The average
length of hospitalization was greater (7.4 days) in patients with
prolonged QTC interval than the other group (5.24 days) 
(p = .02). The use of mechanical ventilation was not different be-
tween the two groups (p = .056).
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Table 1: Distribution of Patients Who Attempted
Suicide by OPP According to Age, Outcome, and Sex

Age Group (Years) Number Percent

12–20 10 23.8

21–40 22 52.4

41–60 6 14.3

> 60 4 9.5



The average dose of atropine required to control the symp-
toms was 38.6 mg in patients with prolonged QTC interval and
20.02 mg in patients with normal QTC interval (p = .01, Table 2).

To examine the role of variables on survival, the patients were
divided into survival and nonsurvival groups. There was no signifi-
cant survival difference between the two groups based on gender
(p = .06) and age (29.5 � 10.5 years vs. 37.6 � 17.4 years; p = .07).
There was a statistically significant inverse relationship between
the survival and nonsurvival groups according to dose of atropine
administered during hospitalization (23 � 18.3 mg vs. 48.9 �

24.79 mg; p = .001). There was no significant difference between
survival and nonsurvival groups based on measured serum CE
activity on admission (4.84 � 1.21 kU/L vs. 4.51 � 1.07 kU/L
respectively; p = .379).

DISCUSSION

In the present study, 59.5% of the OPP cases showed a prolonged
QTC interval; these cases had a higher mortality and higher at-
ropine requirement. Based on these findings and due to duration
of hospitalization, the present study confirms an association be-
tween the prolongation of QTC interval and the intensity of poi-
soning and prognosis of the patients. No direct relationship
between the prolongation of QTC interval and mortality rate in
the studied patients (r2 = .096) was achieved.

ECG abnormalities—such as QT-interval prolongation and
polymorphic ventricular tachycardia (e.g., torsades de pointes),
ST-T changes, and disturbance of the cardiac conduction system
in OPP—have been reported previously [23–28]. The mechanism
by which OPs cause cardiotoxic effects is not yet known, but
cholinergic innervation of the heart results in both negative
chronotropy and negative inotropy that slows myocardial con-
duction or repolarization [20]. In addition, oxidative stress in the
heart cells may be the cause of myocardial damage that may re-

sult in several conduction problems [29]. However, unequal sym-
pathetic stimulation of myocardial cells, and interactions with
potassium channels and the Na+/Ca2+ exchanger in the myocar-
dial cell membrane are probably responsible for the occasional
prolonged QTC interval [28].

Corroborating the results of our study, in previous reports on
OPP, the prolongation of QTC interval has been noted in up to
43.5% of poisoned patients, correlating with the rate of mortal-
ity and respiratory complications [21]. Grmec et al. [30] showed
that in OPP, a longer QTC interval and a lower Glasgow Coma
Scale (GCS) score accompany higher numbers of intubations and
worse outcomes. In addition, they showed that the two measures
of GCS score and QTC interval are equally good predictors of res-
piratory failure and hospital mortality in patients with OPP, but
we did not find the same significant statistical correlation with
respiratory complications. This indicates that along with the res-
piratory problems that can cause death in the initial stages of poi-
soning, cardiac problems can affect the course of illness and the
prognosis of patients with OPP.

Also on the basis of our findings, we cannot suggest measure-
ment of serum CE as the only prognostic factor for determination
of severity and outcome.

Considering all factors, we conclude that QTC interval pro-
longation has a prognostic value in OPP.
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