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BACKGROUND: Prognostic value of cortisol and thyroid function tests (TFTs) has previously been
evaluated in medical ICUs. We aimed to evaluate prognostic efficacy of cortisol and TFTs in critically ill
poisoned patients admitted to toxicology intensive care unit (ICU).
METHODS: In a prospective study of consecutively enrolled subjects admitted to the toxicology
ICU, lab analyses included TFTs (total T3 and T4 as well as TSH) and cortisol levels drawn between
8 am–10 am during period of the first 24 hours post-ingestion/exposure. Simplified Acute Physiology
Score II (SAPS II) and Acute Physiology and Chronic Health Evaluation II (APACHE II) were recorded.
All scores were compared to detect the best prognostic factor. Type of poisoning was also included.
RESULTS: In 200 patients evaluated, 129 were male and mean age was 31 years. In general,
SAPS II, T4, and cortisol could prognosticate death. After regression analysis, only cortisol had such
efficacy (P=0.04; OR=1.06; 95%CI=1.05–1.08; cut-off=42 µg/dL; sensitivity=70%; specificity=82%).
Between aluminium phosphide (ALP)- and non ALP-poisoned patients, level of consciousness, mean
arterial pressure, and cortisol level could prognosticate death in ALP poisoning (all Ps<0.001 in both
uni and multivariate analyses). Median (interquartile range; IQR) GCS was 7 (6, 10) and 15 (8, 15)
in non-ALP and ALP-poisoned patients (P<0.003). SAPS II and APACHE II could not prognosticate
death at all.
CONCLUSION: Cortisol best prognosticated outcomes for subjects admitted to the toxicology
ICU. Its level is higher in ALP-poisoned patients probably due to the higher stress while they remain
conscious till the final stages of toxicity and are aware of deterioration of their clinical condition or
may be due to their significantly lower blood pressures.
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INTRODUCTION
Determination of prognosis is a major concern for
clinical toxicologists managing acutely poisoned patients.
Routine prognostic scores in the general intensive care
units (ICUs) are often inaccurate for prognostication in
this population. Prognostic factors facilitate appropriate
disposition to limited ICU beds.[1]
Prognostic value of cortisol and thyroid function tests
(TFTs) have previously been evaluated in critically ill internal
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medicine, pediatric, and traumatic patients.[2-9] In clinical
toxicology, previous studies on single poisonings suggest
that cortisol and TFTs may have prognostic utility in
patients poisoned with aluminum phosphide (ALP),
paraquat, and organophosphate.[10-12] These studies suggest
the mechanism is related to euthyroid sick syndrome,
as well as lipid depletion, hemorrhage, and necrosis
in the adrenal cortex in critically ill patients. Other
potential mechanisms affecting cortisol include stress,
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hypotension, and shock in critically ill patients. This may
be based on changes in secretion, responsiveness, protein
binding, and activity of glucocorticoids.[12] However,
no study has evaluated poisoned patients in general to
see whether cortisol and TFTs can serve as prognostic
factors.
Our center is a large urban hospital with an ICU
admission rate of almost 400 per year. [13] Our center
routinely sees patients with poisonings from highly lethal
pesticides including paraquat, organophosphates and ALP
which require intensive support and resources.[1] Adequate
prognostic factors are lacking. The aim of the current
study was to evaluate the prognostic efficacy of cortisol
and TFTs in critically ill poisoned patients admitted to
our toxicology ICU.

METHODS
In a prospective observational study, all patients
referred to the emergency department (ED) of Loghman
Hakim Poison Hospital in Tehran, Iran, with a history of
toxin/medication ingestion in need for ICU admission
between March 2013 and August 2014, were considered
for inclusion in the study.[14]
Those who were admitted to ICU directly from the
ED within the first 24 hours post ingestion/exposure
were included. All patients with ingestions/exposures
or previous history of ingestion of the medications
that could affect the cortisol level and TFTs including
propylthiouracil, methimazole, lithium, iodide,
amiodarone, aminoglutethimide, interferon 2, sunitinib,
glucocorticoids, interleukin analogues, dopamine
antagonists, somatostatin, rexinoids, carbamazepine,
metformin, levothyroxine, oxcarbazepine, metyrapone,
furosemide, phenytoin, probenecid, heparin, and
nonsteroidal anti-inflammatory drugs were excluded. After
ICU admission, the cortisol and TFT tests [total T3, total T4,
and thyroid-stimulating hormone (TSH)] were sent between
8 am and 10 am of the first day of ICU stay (in the first 24
hours after ingestion/exposure). Evaluation of both TFTs
and cortisol was made by radio-immuno assay techniques.
Normal ranges for T3, T4, and TSH were 0.75–2 ng/mL,
4.5–11.5 μg/dL, and 5–25 mIu/mL, respectively. Cortisol
levels were considered normal if they were about 10 to 20
micrograms per deciliter (μg/dL) in the early morning
(within one hour of the usual time of awakening),
from 3 to 10 μg/dL at 4 pm, and less than 5 μg/dL after
the usual bedtime. Meanwhile, a checklist containing
demographic characteristics of the patients, type of the
ingested medication/toxin and its dose, time elapsed
www.wjem.org
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between its ingestion and hospital presentation, clinical
examination and vital signs on arrival, Simplified Acute
Physiology Score (SAPS II) and Acute Physiology and
Chronic Health Evaluation (APACHE II) scores on ICU
admission, days of hospital stay, and final outcome of the
patients (full recovery, recovery with complications, and
death) was filled for every single patient. By calculating
the SAPS and APACHE scores, we aimed to both have
an estimation of the severity of poisoning in our patients
and compare these two prognostic factors with cortisol
and TFTs. The patients were then followed and their
hospital stay and final outcome were also recorded. Data
was then inserted into SPSS software (statistical package
for social sciences version 17, Chicago, Ill, USA) and
analyzed using Kolmogorov Smirnov, student t test,
Mann-Whitney U test, logistic regression, and ROC
curves. Kolmogorov-Smirnov test was used to determine
normality of the variables, for whose description, mean
(±SD) and median [interquartile (IQ) range] were given.
For qualitative variables, percent of frequency was
provided. To compare normally distributed continuous
variables, t test was used. Mann-Whitney U test
was performed to compare differences between two
independent groups when the dependent variable was
continuous, but not normally distributed. Logistic model
was used to determine independent predictors of death in
the patients. A P value of less than 0.05 was considered
to be statistically significant. The study was approved
by our local ethics committee and written consent was
taken from the patients' next of kin. The comparison was
first performed in all patients followed by a comparison
between ALP- and non-ALP-poisoned patients. All
prognostic factors were then compared to determine the
most efficient one in our setting.

RESULTS
Among the 376 patients who were admitted to our
ICU during the study period, 152 were excluded because
they were sent to ICU from the wards and not directly
from the ED. Seventeen were excluded because they had a
suspicious history of toxicity but diagnosis of toxicity was
never confirmed due to lab test limitations. Another seven
patients were excluded due to carbamazepine toxicity (4
patients), previous use of corticosteroids (1 patient), and
ingestion/exposure more than 24 hours before hospital
presentation (2 patients). In the remaining 200 cases,
median age was 31 years (range, 10 to 87 years) and 129
(64.5%) were male. The most common causes of poisoning
were opioids (78 patients, 39%), sedative-hypnotics (29
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patients, 14.5%), and antipsychotics/antidepressants (28
patients, 14%). Twenty-four (12%) were poisoned by
ALP. Median time elapsed between ingestion/exposure
and hospital presentation was four hours (range 0.5–24
hours). On-arrival Glasgow coma scale (GCS), vital signs,
APACHE II and SAPS scores, and cortisol/TFT results are
summarized in Table 1. The most common presenting sign/
symptom was loss of consciousness (158 patients, 79%)
followed by hypoventilation (bradypnea/apnea, 25 patients,
12.5%), and agitation (13 patients, 6.5%). Of the patients,
163 (81.5%) recovered completely, 26 (13%) died, and
11 (5.5%) recovered with complications (mainly hypoxicischemic sequelae). Of the dead patients, eight (33%) were
ALP-poisoned.
After inclusion of all qualitative and quantitative
variables that related to death with a P value of 0.2
and less, enterlogistic regression was performed. In
the ALP-poiosned patients, cortisol (P<0.001) and
loss of consiousness (P<0.001) were significantly
different between those who survived and those who
died. In all patients (ALP- and non ALP-poisoned),
the only lab test that could prognosticate the patients'
mortality was cortisol (P<0.001; OR 0.949; 95% CI
0.922, 0.977; cut-off=42.56 µg/dL; sensitivity=69.21%;
specificity=81.2%). Comparison of the cortisol and TFTs
between the patients with and without hypotension is
shown in Table 2. SAPS II and APACHE II could not
prognosticate death in patients in toxicology ICU at all.
Table 1. On-arrival characteristics and lab test of all patients (n=200)
Variables
Results
Non-normal distribution, Median [IQR] (range)
Glasgow Coma Scale
8 [6, 13] (3–15)
APACHE II score
15 [12, 14] (4–38)
Respiratory rate (beats/minute)
16 [14, 20] (4–50)
Time of ingestion/exposure
4 [2, 10] (0.5–24)
to hospital presentation (h)
T3 (ng/dL)
1.3 [1, 1.6] (0.6–47.3)
T4 (µg/dL)
7.2 [6, 7.9] (0.9–74)
Thyroid-stimulating hormone
1 [0.7, 1.3] (0.2–20)
(TSH) (µIU/mL)
Hospital stay (days)
4 [3, 8] (1–60)
Body temperature (ć)
37 [36.7, 37.1] (35.5–39.2)
Normal distribution, Mean±SD (range)
Systolic blood pressure (mmHg) 116±25 (50–228)
Diastolic blood pressure (mmHg)
72±16 (30–130)
Mean arterial pressure (mmHg)
86±18.5 (37–163)
Pulse rate (beats/minute)
100±24 (48–167)
SAPS score
34.9±12.6 (8–75)
Cortisol level (mg/dL)
30.7±18.9 (0.5–63.4)
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In the comparison between ALP- poisoned patients
with the others, GCS and cortisol level had the efficacy to
prognosticate death in ALP-poisoned patients (P values<
0.001 in both uni- and multivariate analyses). Median
(interquartile range, IQR) GCS was 7 (6, 10) and 15 (8,
15) in non ALP- and ALP-poisoned patient, respectively
(P<0.003). Comparison between the dead, alive, and all
ALP- and non ALP-poisoned patients has been given in
Table 3. Spearman's rho correlation analysis showed a
significant correlation between APACHE and cortisol
(r=0.189, P=008), APACHE and T4 (r=–0.164, P=023)
and SAPS and Cortisol (r=0.148, P=038).

DISCUSSION
Search for prognostic factors is a major concern in
clinical toxicology since ICU routine prognostic scores are
often inaccurate in this field. This is mainly due to the fact
that poisoned patients present with unstable but generally
reversible situations affecting the sum of such scores
dramatically.
Changes in the peaks and nadirs of cortisol have
previously been mentioned in cancer patients. [15] As
in cancer patients, poisoning can disrupt the circadian
rhythm of cortisol in the body. [10-12] Previous studies
detected changed levels of cortisol in poisoned patients
inconsistently. Mehrpour et al[16] postulated that glucose
disturbances in ALP-poisoned patients were due to
stimulation of cortisol, glucagon, and adrenaline
secretion, inhibition of insulin, inhibition of glucogenesis
in liver, and failure of hepatic glycogenolysis. Chugh et
al[17] reported low levels of cortisol in these patients as a
result of damages to adrenal cortex such as fat depletion
and hemorrhagic necrosis. However, such changes seem
to be a problem not only in ALP poisoning but also other
intoxications such as paraquat and organophosphate.[10,11]
Although Mehrpour and colleagues had mentioned
a high level of cortisol in ALP-poisoned patients, Wahab
and associates as well as Farnaghi and coworkers
reported different results.[12,18] They found extremely low
levels of cortisol in their patients which could be due
to either time of sampling or evaluation of the patients
at the end stages of the toxicity when probably all
adrenal cortex was disrupted.[12,18] Our study specifically

Table 2. Comparison of TFTs and cortisol between those with hyopotention (MAP<6.5) and normal blood pressure (MAP≥6.5)
Variable
MAP<65 (n=26)
MAP≥65 (n=174)
P, mean difference [95% CI]
Cortisol
39.36±21.22 (1.14–61.44)
29.33±18.22 (0.52–61.44)
0.011, 10 [2.3–17.8]
TSH
0.85 [0.6, 1.6]
1 [0.7, 1.3]
0.651
T3
1.35 [0.9, 1.7] (0.7–36.50)
1.2 [1, 1.6] (0.6–47.3)
0.456
T4
7 [5.57, 8.77] (3.30–11.30)
7.20 [6.00, 7.87] (0.90–74.00)
0.773
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Table 3. Comparison of the ALP- and non ALP-poisoned patients
Variables
Cortisol
TSH
T3
T4
APACHE
SAPS
Systolic blood
pressure
Diastolic blood
pressure
Mean arterial
pressure
Pulse rate
Loss of
consciousness‡†
Agitation‡
Hypoventilation‡
Seizure‡
Hypoglycemia‡

ALP (dead=8)
52.9±18.4
(17.4–63.4)
3.4 [0.6, 4.4]
(0.5–9.8)
1.3 [0.8, 1.7]
(0.7–1.8)
5.5 [3.3, 5.9]
(1.8–10.8)
13.1±6.1
33.8±11.8
85.9±10.5
(76, 110)
54.6±15.0
(39–90)
65.0±13.6
(51–97)
87.7±28.4
(50–125)

Others
(dead=18)
45.3±22.3
(4–63.4)
0.9 [0.6, 1.2]
(0.4–20)
1.3 [0.8, 1.7]
(0.6–36.5)
6.3 [5.3, 7.4]
(4.9–10.4)
15.5±5.4
31.9±11.3
115.8±27.5
(75–174)
73.5±18.2
(50–115)
87.5±20.0
(58, 135)
107.5±28.0
(60–164)

P
0.409
0.161
1
0.071
0.255
0.227
0.001
0.017
0.008
0.109

ALP
Others
(alive=16) (Alive=158)
45.9±21.6
26.2±15.6
(0.5–63.4) (0.85–63.4)
1 [0.6, 1.3] 1 [0.7, 1.3]
(0.4–2.5)
(0.2–17)
1.2 [1, 1.6] 1.3 [1, 1.6]
(0.8–2)
(0.6–47.3)
7.3 [6.3, 7.6] 7.2 [6.1, 8.1]
(4.5–11.3)
(0.9–74)
18±5.7
20.9±6
38±15.3
45.9±14.8
104.0±18.8 118.4±24.8
(80–140)
(50–228)
61.1±13.6
73.4±15.7
(40–90)
(30–130)
75.2±14.5
88.4±18.0
(57–107)
(37–163)
106.8±27.0
98.6±22.6
(62–167)
(48–160)

3 (37.5)

15 (83.3)

0.060

4 (25)

0
0
0
1 (12.5)

2 (11.1)
3 (16.7)
0
1 (5.6)

1
0.529
–
0.529

3 (18.8)
2 (12.5)
0
0

P
0.002
0.978
0.862
0.985
0.096
0.544
0.025
0.003
0.005
0.170

ALP (total=24)
47.6±21.1
(0.85–63.44)
1.1 [0.6, 2.1]
(0.4–9.8)
1.2 [0.9, 1.7]
(0.7–2)
6.5 [5.4, 7.6]
(1.8–11.3)
14.7±6.6
33.9±12.8
97.9±18.4
(76–140)
58.9±14.1
(39–90)
71.8±14.7
(51–107)
100.4±28.4
(50–167)

Others
(total=176)
28.1±17.1
(0.52–63.44)
1 [0.7, 1.2]
(0.2–20)
1.3 [1, 1.6]
(0.6–47.3)
7.2 [6, 8]
(0.9–74)
16±5.7
35.1±12.7
118.1±25.0
(50–228)
73.4±15.9
(30–130)
88.3±18.1
(37–163)
99.5±23.2
(48–164)

P
0.001
0.341
0.779
0.223
0.294
0.693
0.001
0.001
0.001
0.850

138 (87.3)

0.001

7 (29.2)

153 (86.9)

0.001

8 (5.1)
20 (12.7)
8 (5.1)
3 (1.9)

0.067
1
1
1

3 (12.5)
2 (8.3)
0
1 (4.2)

10 (5.7)
23 (13.1)
8 (4.5)
4 (2.3)

0.193
0.745
0.599
0.476

Values in median [IQR], values in mean±SD, †: using Pearson Chi Square, ‡: using Fisher's Exact Test.

examined samples drawn between 8–10 am within 24
hours of ingestion/exposure to minimize the effects of
such confounding factors on cortisol level. Our data
demonstrate that amongst the factors we studied, cortisol
is the best prognosticator of outcome for use in our
toxicology ICU. Even after performance of regression
analysis, it was the only factor that could efficiently
prognosticate the patients’ outcome in general and a
good tool to prognosticate ALP-poisoned patients. This
can facilitate disposition to ICU versus ward in these
patients.
We could not find any article that has evaluated the
prognostic role of TFTs in poisoned patients. Although our
results were primarily promising regarding T4, performance
of regression analysis rejected the possible value of T4 in
prognostication of these patients. This could be due to the
fact that we only relied on the patients’ histories for thyroid
problems and had no access to the previous profile of their
thyroid diseases which may be silent in nature.
The other major finding of the current study was
that routine ICU scoring systems that are used in general
ICUs are not probably efficient enough to be used in
poisoned patients, a result that was somehow concluded
in our previous study, as well.[1] This emphasizes the
need for determination of better prognostic factors in
toxicology ICU.
www.wjem.org

We also found higher levels of cortisol in ALP-poisoned
patients. While previous authors had suggested that cortisol
level dropped in these patients, we found completely
opposite results. This can be due to the fact that these
patients remain conscious until the end stages of toxicity in
contrast to other poisonings in which the patients present
with early loss of consciousness, ALP-poisoned patients
tolerate high levels of physiologic stress, and are aware
of the deterioration of their poor condition. It may also be
interpreted by their significantly lower MAP compared to the
blood pressure of the patients who refer with other types of
poisoning. However, lower MAP is per se accompanied by
higher cortisol levels and poorer prognosis even in patients
intoxicated by drugs or poisons other than ALP.
The major limitation of this study was that the time
elapsed between ingestion/exposure and check of cortisol
level (8 am to 10 am of the first day of ICU stay) was not
the same in all patients although it was always less than 24
hours. This however seemed unavoidable because we meant
to measure cortisol level of all patients within the same
hours of the day while their time of hospital presentation
and ingestion was not similar. On the other hand, we did
not follow our patients for more subtle complications and
quality of life after discharge (including cognitive decline
and depressive symptoms) which is again a limitation of the
current study.
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CONCLUSION
In conclusion, cortisol was the prognostic factor for
all poisoned patients in our toxicology ICU. Cortisol
levels are generally higher in ALP-poisoned patients with
poorer outcome. Less MAP may accompany a higher
cortisol level and is also associated with poorer prognosis
in intoxicated patients. More prospective studies on
the cortisol circadian cycle and maybe in different time
intervals may be beneficial in intoxicated patients.
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