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ABSTRACT

Objective: To independently validate the negative predictive value of the Tanta University risk model
for intensive care requirements in poison center telephone consultations with other physicians.
Methods: This study included 400 consecutive patients with acute poisoning. Clinical and laboratory
parameters were recorded during the initial consultation with the poison center. Patients who were
already ventilated or on vasopressors at the time of consultation were excluded. The Tanta University
risk model score was calculated from the data according to the following equation: Tanta University
risk model score = 1.966*Glasgow Coma Scale + 0.329*oxygen saturation (percent) + 0.212*diastolic
blood pressure (mmHg) — 0.27*respiratory rate (breaths/minute) + 0.33*standard bicarbonate (mmol/L).
Twenty-four hours later, the patients’ courses were followed up by telephone. The Tanta University risk
model was then compared to a composite endpoint indicating the requirement for admission to an
intensive care unit (vasopressors, need for intubation, or death).

Results: Four hundred patients with acute poisoning were included. Thirty-seven patients had a com-
plicated clinical course as defined by the composite endpoint. Receiver operating characteristic analysis
revealed the area under the curve to be 0.87 (95 percent confidence interval 0.83-0.90). An unfavorable
Tanta University risk model score was defined as less than 73.46, using a cut-off derived from a previ-
ous study of an unrelated series of patients with acute poisoning admitted to our service. Thirty-one of
37 patients with complicated courses had an unfavorable Tanta University risk model score compared
to six patients with complicated courses among 306 patients with a favorable Tanta University risk
model score (P< 0.0002, Fisher's exact test). Sixty-three patients had an unfavorable Tanta University
risk model score but an uneventful course. The negative predictive value of the Tanta University risk
model was 0.98 (95 percent confidence interval 0.96-0.99), sensitivity was 0.84, and specificity 0.83.
Conclusions: In the present study of poison center telephone consultations, the Tanta University risk
model was significantly related to the outcomes in patients with acute poisoning. Patients with a
favorable Tanta University risk model score (greater than or equal to 73.46) were unlikely to need
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intensive care unit level of care.

Introduction

Clinicians can rely on poison centers for advice on manage-
ment and the risk of patients with poisonings. Parameters
indicating a higher risk of intensive care unit (ICU) require-
ment are still being validated.

The Poisoning Severity Score [1] was developed in the
late 1990s to grade the severity of patients with poisoning. It
shows promise in stratifying risk at initial referrals to poison
centers [2]. However, it has several subjective criteria and is
time-consuming to calculate [3]. Thus, further collaborative
research is needed to develop a poisoning severity score to
accurately assess the clinical severity in all patients with poi-
soning and the risk of deterioration, necessitating invasive

procedures that can only be performed in an ICU.
Accordingly, a model for patients with acute poisoning to
predict the need for ICU care (mechanical ventilation, vaso-
pressors, and/or in-hospital mortality), the intensive care
requirement score, was developed in the Netherlands [4].
This intensive care requirement score was shown in a French
study [5] to have an excellent negative predictive value for
events (mechanical ventilation, vasopressors, and/or kidney
replacement therapy, and/or in-hospital death) that indicate
the need for ICU care. Our research group in Germany also
confirmed this negative predictive value of the intensive care
requirement score for ICU care (mechanical ventilation, vaso-
pressors, and/or in-hospital deaths) [6]. Unfortunately, the
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type of poisoning must be known to calculate the intensive
care requirement score.

Recently, a new model, the Tanta University risk model,
was introduced. The main advantage of the Tanta University
risk model is that it does not require the type of poisoning
to be known [7]. Our group has independently validated the
negative predictive value of the Tanta University risk model
for ICU requirements (mechanical ventilation, vasopressors,
and/or death) in poisoned patients who were admitted to
our clinical service [8]. We now set out to apply this model
to the risk stratification of patients presented to our service
as phone consultations.

The specific aims of this study were: a) to evaluate the
performance of the Tanta University risk model in poison
center phone consultations in predicting the need for inten-
sive care unit level of care; and b) to validate the cut-off
value (73.46) derived from our earlier study of hospitalized
patients with poisoning [8], for risk stratification.

Methods
IRB approval

The study was approved by the Technical University of Munich’s
institutional review board (IRB reference 2023-171-5-KK).

Setting

Our poison center is staffed by experienced medical toxicolo-
gists operating a general toxicology ward, an intermediate
care unit, and a toxicological intensive care unit.

Our center handles greater than 45,000 calls annually, of
which 8,118 in 2023 were consultations from other hospitals.
The population served is about 13 million, primarily located
in the German state of Bavaria. A quarter of the population
lives in eight larger cities (> 100,000 inhabitants), with the
remainder divided between medium towns and rural areas.

The German healthcare system is highly regulated. All
hospitals in Germany are reimbursed a diagnosis-related flat
fee per hospital stay. Relevant to this study, there is no finan-
cial incentive to move the patient to a higher level of care.

Inclusion criteria

Telephone contact by a hospital physician asking for advice
on managing an adult patient (defined as 18years or older)
with acute poisoning.

Exclusion criteria

We excluded patients who already needed ICU treatment,
defined as having needed cardiopulmonary resuscitation,
mechanical ventilation, or vasopressors at admission.

Endpoint definition

Similar to previous studies [5,6,8], we defined the need for
ICU admission as a composite endpoint (mechanical

ventilation during the first 24 hours after admission, the need
for vasopressors, and/or death).

Hypothesis to be tested

We tested the hypothesis that the Tanta University risk model,
based on the score obtained at phone consultations with the
poison center, could identify patients who would need ICU
treatment. Even more importantly, we determined the nega-
tive predictive value of the Tanta University risk model score in
distinguishing patients not requiring ICU care. According to
previous studies of the ICU requirement in hospitalized pois-
oned patients using the intensive care requirement score [6]
and the Tanta University risk model [8], we required a negative
predictive value of at least 95% for clinical usefulness. We also
set out to validate the cut-off point for the Tanta University
risk model (73.46) found in our earlier study of in-patients [8].

Classifications used to describe substance exposures

The substance exposures were grouped, using the classifica-
tion scheme introduced with the intensive care requirement
score [4]. This has the advantage that the study population
can be directly compared to other published series using the
same classification scheme [5,6,8,9]1 and the not yet pub-
lished INTOXICATE study [10].

The time from exposure to consultation was grouped as
less than 1h, 1-12 h, and >12 h, or unknown.

Tanta university risk model score calculation

The Tanta University risk model score was calculated accord-
ing to the "general model" described in the original publica-
tion [7]. Briefly, the Tanta University risk model score = 1.966*
Glasgow Coma Scale score + 0.329*oxygen saturation (%) -+
0.212*diastolic blood pressure (mmHg) — 0.27*respiratory rate
(breaths/min) + 0.33*standard bicarbonate (mmol/L) in ven-
ous blood.

Please note that in this calculation, the plus and minus
signs are reversed compared to our earlier publication [8] so
that a more positive score, meaning a negative outcome,
does not cause confusion.

Statistical methods

We used the same methods described in our earlier studies
on risk modeling in severe poisonings [6,8]. In brief, the
required sample size was calculated using the method of
Arya and colleagues [11]. The calculation yielded a minimal
sample size of 384 patients, based on a prevalence of ICU
requirement of 50% and a significance level of 0.05. The
prevalence was set at 50% to obtain the largest estimate for
sample size [11]. Continuous data were presented as median
and interquartile range. Comparisons between the two
groups were tested for the significance of difference using
the Mann-Whitney-U-test. Bonferroni corrections for multiple
comparisons were made where appropriate. For categorical
data, the significance of the association (contingency) was



explored using Fisher's exact test (for 2 x 2 tables) or the
chi-square test (for larger contingency tables), as appropriate.
The Youden index was used to determine the optimal cut-off
point in the receiver operating characteristic curve of the
Tanta University risk model score. The area under the
receiver operating characteristic curve and its 95% confi-
dence interval (Cl) were calculated. Comparison of the area
under the receiver operating characteristic curve with 0.5
(corresponding to random chance) was performed, using the
method of Delong and colleagues [12]. Calculations were
carried out using Statview 5.01 and JMP13 software (both
from SAS Institute, Cary, NC, USA), and MedCalc 22.014
(MedCalc Software, Ostend, Belgium).

Results

During the study period (10 May 2023 to 21 August 2023),
there were 3,027 consultations from physicians in our poison
center. Most patients were either excluded for age less than
18years or missing data, especially venous bicarbonate con-
centrations. This parameter is not routinely used in many
smaller German hospitals, which represent the majority of
our callers (see below).

Four hundred consecutive patients with complete data
and follow-up could be included in the study. Their demo-
graphics, clinical characteristics, the need for ICU care, and
the outcomes are listed in Table 1. The substances involved,
the time interval between exposure and consultation, and
the characteristics of calling hospitals are summarized in
Table 2. The spectrum of exposures in the present study
matched those in patients excluded from the study
(Supplementary Table 1). There were few single substance
poisonings with alcohol or street drugs (Table 2). The major-
ity of cases were single substance poisonings with sedatives
or poisonings with multiple agents. The majority of consulta-
tions were from smaller hospitals (Table 2). The type of hos-
pital calling was very similar to those with patients not
included in the study (Supplementary Table 1).

Thirty-seven of the 400 patients (9%) met the composite
endpoint. The most common endpoint occurrence was
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mechanical ventilation. Three patients died. The 37 patients
meeting the endpoint were compared to the 363 patients
with an uneventful course. The patients who met the com-
posite endpoint were significantly older (Table 1). There were
no significant differences in the type of substance exposure,
the time interval from exposure to consultation, the kind of
hospital calling, or the size of the town/city where the call
originated from. There was a trend towards more patients
with an undetermined time interval in the group that
reached the composite endpoint. Patients with an unknown
time interval between exposure and call had a significantly
lower Glasgow Coma Scale than the other patients (data not
shown).

There were significant differences in the Glasgow Coma
Scale, the diastolic blood pressure, and the serum bicarbon-
ate concentrations between the patients with an uneventful
course and those with a complicated course (Table 1). We
did not find differences between groups in the arterial oxy-
gen saturation and the respiratory rate. All of the parameters
above are components of the Tanta University risk model.

The Tanta University risk model score significantly differed
in patients who met the study composite endpoint
(P < 0.0002). Thirty-one out of 37 patients who met the com-
posite endpoint (including the three patients who died) had
a Tanta University risk model score of less than 73.46. In
comparison, only 63 of 363 patients with an uneventful
course had a Tanta University risk model score of less than
73.46 (P < 0.0002). The six patients misclassified by the Tanta
University risk model as low risk had ingested caustics (two
patients), venlafaxine, quetiapine (two patients), and a mix-
ture of antifreeze and vodka.

The sensitivity of the Tanta University risk model score
using the previously determined cut-off of 73.46 to detect a
need for intensive care was 0.84 (95% Cl 0.67-0.93), and the
specificity was 0.83 (95% Cl 0.78-0.86). The negative predictive
value of the Tanta University risk model score was 0.98 (95%
Cl 0.96-0.99). Receiver operating characteristic curve analysis
(Figure 1) with the composite endpoint of a complication
requiring ICU care showed an area under the receiver operat-
ing characteristic curve of 0.87 (95% Cl: 0.83-0.90) for the
Tanta University risk model. The optimal cut-off was 73.53.

Table 1. Clinical characteristics, the need for intensive care unit care, and outcomes of 400 patients with acute poisoning, who had an uneventful course or

met the study endpoint.

All patients Uneventful course Met endpoint

(n=400) (n=363) (h=137) P value
Male 164 (41.0) 154 (42.4) 10 (27.0) 0.08
Female 236 (59.0) 209 (57.6) 7 (73.0)
Age (years) 40.3 (26.6-57.2) 38 5 (25.6-55.8) 56 2 (38.5-66.4) 0.0018
Diastolic blood pressure (mmHg) 79.5 (70.0-88.5) 0 (70.0-89.0) 0 (60-80.8) 0.0048
Heart rate (beats/min) 90 (75.5-105.0) 0 (75.0-104.0) 100 (85.5-120.0) 0.0085
Respiratory rate (breaths/min) 16 (14.0-19.5) 6 (14.0-19.0) 6 (11.75-20.0) 0.73
Arterial oxygen saturation (%) 97 (95.0-99.0) 7 (95.0-99.0) 5 (92.8-99.0) 0.055
Glasgow Coma Scale 15 (13.0-15.0) 5 (13.0-15.0) 8 (3.8-14) < 0.0001
Serum bicarbonate concentration (mmol/L) 24 (22.1-26.0) 243 (22.5-26.0) 21.1 (18-22.9) < 0.0001
Tanta University risk model score 76.6 (52.6-81.6) 800 (75.7-82.8) 662 (58.1-72.0) < 0.0002*
Tanta University risk model score < 73.46 94 (23.5) 3 (17.4) 1(83.8) < 0.0002*
Mechanical ventilation 33 (8.3) 0 3 (89.2)
Vasopressors 21 (5.3) 0 1 (56.8)
Death 3(0.8) 0 3 (8.1)
Admitted to the intensive care unit 261 (65.3) 224 (61.7) 37 (100.0) < 0.0001

Data are shown as median (interquartile range) and numbers (%).
*Denotes Bonferroni-adjusted P value due to multiple comparisons.


https://doi.org/10.1080/15563650.2024.2364030
https://doi.org/10.1080/15563650.2024.2364030

4 M. FLACK ET AL.

Table 2. Substances involved, time from exposure to consultation, and location of 400 patients with acute poisoning, who had an

uneventful course or met the study endpoint.

All patients Uneventful course Met endpoint
(n=400) (n=363) (n=37) P value
Substances involved 0.19
Alcohol 1(0.3) 1(0.3) 0
Analgesics 19 (4.8) 19 (5.2) 0
Antidepressants 27 (6.8) 23 (6.3) 4 (10.8)
Street drugs 7 (1.8) 7 (1.9) 0
Sedatives 70 (17.5) 68 (18.7) 2 (5.4)
Other poisons (e.g., carbon monoxide, arsenic, cyanide) 2 (0.5) 2 (0.6) 0
Substances not otherwise specified 76 (19.0) 65 (17.9) 11 (29.7)
Combination of two or more substances 198 (49.5) 178 (49.0) 20 (54.1)
Time from exposure to consultation 0.06
<1h 62 (15.5) 58 (16.0) 4 (10.8)
1-12h 226 (56.5) 209 (57.6) 17 (45.9)
> 12h 45 (11.3) 41 (11.3) 4(10.8)
Unknown at time of consultation 67 (16.8) 55 (15.2) 12 (32.4)
Type of hospital 0.07
Level 1 (basic care) 168 (42.0) 154 (42.4) 14 (37.8)
Level 2 (regional center) 161 (40.3) 150 (41.3) 11 (29.7)
Level 3 (regional referral center) 32 (8.0) 27 (7.4) 5 (13.5)
Level 4 (academic medical center) 26 (6.5) 20 (5.5) 6 (16.2)
Specialized hospital (e.g., psychiatric hospital) 13 (3.3) 12 (3.3) 1(2.7)
Caller’s location by city size 0.87
Population < 5,000 (0.5) 2 (0.6) 0
Population < 20,000 97 (24.3) 87 (24.0) 10 (27.0)
Population < 100,000 183 (45.8) 168 (46.3) 15 (40.5)
Population > 100,000 118 (29.9) 106 (29.2) 12 (32.4)

Data are shown as numbers (%).
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Figure 1. Receiver operating characteristic curve of the Tanta University risk

model in predicting intensive care requirement in 400 patients with poisoning.

Area under the curve = 0.871, P<0.001, by the method of DelLong and col-
leagues [12].

Discussion

Our findings show that: (a) a Tanta University risk model
score of less than 73.46 was related to a complicated clinical
course in a series of poison center consults for patients with
acute poisoning; (b) the Tanta University risk model per-
formed well at stratifying the risk of ICU level care in a series
of patients with substance exposures vastly different from
the exposures in our previous series of inner city in-patients;

(c) a Tanta University risk model score greater than or equal
to 73.46 largely excluded the need of intensive care with a
negative predictive value of 0.98 (95% Cl: 0.96-0.99); (d) The
almost identical cut-off values between in-patients (earlier
study [8]) and poison center consults in this study with a dif-
ferent spectrum of exposures may indicate a limited influ-
ence of the type of exposure on risk model performance.

As others have shown [9], a minority (37/400, 9.3%) of the
patients in our series needed interventions that usually
require an ICU. Despite this, the majority of patients (261/
400, 65.3%) were admitted to an ICU. Our data (Table 1,
Figure 1) show that the Tanta University risk model score cal-
culated during poison center consultation was significantly
related to a composite endpoint, indicating a need for inter-
ventions usually performed in an ICU.

In this study, the negative predictive value of a cut-off
derived from an independent series of hospitalized patients [8]
indicating a higher risk of ICU interventions was 0.98 (95% Cl
0.96-0.99). The negative predictive value exceeds the 0.95 we
predetermined to demonstrate clinical usefulness. This may indi-
cate that the Tanta University risk model can be used during the
poison center telephone consultation to stratify patients’ risk.

Dylan de Lange recently discussed predicting outcomes in
severe intoxications [10]. He presented unpublished data from
the INTOXICATE study on the divergent performance of the
intensive care requirement score between health care systems
in Europe and the developing world. He proposed that while
the slope of a risk model (thus, for example, reflecting human
physiology) may be the same between different countries, the
Y-intercept (and, by extension, the cut-off of a predictive model)
may depend on healthcare systems and the type of poisonings.

This hypothesis is in line with the excellent performance
of the intensive care requirement score using an identical



cut-off (intensive care requirement score greater than 6) in
three presumably comparable Western European healthcare
systems [4-6]. Using the Tanta University risk model, this
study also supports Dylan de Lange’s hypothesis. We found
virtually identical optimal cut-off values (73.53 versus 73.46)
in the receiver operating characteristic curve analysis of
German poison center telephone consultations compared to
our previous study on German hospitalized patients [8]. The
types of poisoning differ between the poison center consul-
tations (Table 1) and the inner-city inpatients, who were
more often poisoned with street drugs and alcohol [8].
Therefore, the nearly identical optimal cut-off in both studies
may indicate that the healthcare system has a greater influ-
ence on model performance than the type of poisoning.

The main limitation of our study is a relatively high exclu-
sion rate mainly caused by missing results in serum bicar-
bonate. This may represent a bias. To exclude a systematic
error, we evaluated a subset of 161 patients excluded from
the study (Supplementary Table 1).

These patients had very similar exposures and time inter-
vals between exposure and consultation. There was one dif-
ference, though. None of the excluded patients had an
unknown time interval between exposure and consultation.
As the patients in our study with an unknown time interval
had a significantly lower Glasgow Coma Scale, we assume
that depressed consciousness may trigger blood gas analysis
and subsequent eligibility for the study. The fact that risk
stratification using this predictive model worked very well in
our inpatients (in whom all get bicarbonate concentration
measured) also makes a bias due to missing bicarbonate
measurements less likely.

Another limitation of the risk model is that it relies on
serum bicarbonate concentrations and thus cannot be used
in a prehospital (e.g., ambulance) setting. A further limitation
is that the indication for invasive procedures, such as intub-
ation, is subjective. For example, in a patient with caustic
exposure, one may or may not decide to protect a presently
still patent airway.

A general problem with risk modeling is that it must be
interpreted in the clinical context. For example, shortly after
ingestion in a patient with a low-risk score and an expected
severe poisoning (e.g., chloroquine), the expertise of a well-
trained medical toxicologist is still required.

Conclusions

In the present study of 400 telephone consultations, 65.3%
of patients with poisoning reported to a poison center were
treated in an ICU. In contrast, only 9.3% received ventilation
or vasopressors or died in the hospital. The Tanta University
risk model could stratify poison center consultations accord-
ing to the risk and the need for interventions normally pro-
vided in the ICU. The negative predictive value (98%) of a
cut-off of greater than or equal to 73.46 was greater than
the 95% value selected for clinical relevance. Patients with
poisoning with a score greater than this cut-off had a very
low likelihood of requiring ICU care. This may enable clini-
cians to save resources for patients needing ICU treatment.
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