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Abstract 
Either analgosedation or central nervous system dysfunction may be a side effect of implemented pharmacological 

treatment, as well as a consequence of intentional or unintentional poisoning. In traumatic lesions or anoxia of the 

central nervous system, a question arises after a recommended follow-up period about the effects of xenobiotics on 

nervous system function. Although therapeutic drug monitoring is the gold standard in such cases, usually a single 

toxicological estimation of “a neurodepressive compound” is performed after treatment discontinuation in order to 

determine the type and amount of exogenous substances, or their metabolites, in a patient’s bodily fluids, which 

allows for an assessment of its actual effects on central nervous system functions. The aim of this paper was to de-

scribe the aspects of diagnostic toxicology which are essential for improved determination of the type and amount 

of exogenous substances present in biological fluids of intensive care patients. We present examples of clinical cases 

in order to discuss the most common discrepancies in interpretation related to the ordering of toxicology tests.
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Medications commonly used in inpatient treatment be-

long to a well-known group of compounds. Nevertheless, their 

pharmacological profiles were determined under homeostatic 

conditions. However, the body systems functioning as a whole 

in a patient requiring intensive care support are significantly 

deteriorated, which has an important impact on the pharma-

cokinetic and pharmacodynamic parameters of xenobiotics, 

which can be different from those observed in the reference 

status [1]. The pharmacokinetic parameters of exogenous 

substances, such as distribution volume and elimination, in 

a severely ill patient may significantly differ from the state in 

which they were defined. The biological half time, which is 

essential for estimating the potency of a drug can only serve 

as an indicative basis for estimating the elimination rate. The 

course of xenobiotic elimination in a patient with significantly 

disturbed homeostasis due to e.g. head trauma, cardiac arrest 

or haemorrhagic stroke is unknown. Neuroprotective anal-

gosedation is the most common therapeutic approach in such 

cases. This is a generally accepted therapeutic management 

strategy despite the lack of a proven therapeutic benefit docu-

mented in clinical trials [2]. In the case of benzodiazepines, data 

regarding their impact on the central nervous system (CNS) 

can be drawn from studies on animal models [3–5]. From the 

pharmacological and toxicological point of view, it is neces-

sary to determine the baseline levels of a xenobiotic, as well 

as those immediately after therapy discontinuation, in order 

to estimate the course of variation in xenobiotic concentra-

tion over time, which is not a routine procedure. In this type 

of management, it is extremely difficult, if not impossible, to 

detect a decrease in drug concentration to clinically insignifi-

cant values, and thus confirm that the therapeutic effect has 

been resolved based only on the pharmacokinetic data from 

the specification of the medicinal product.

Why a clinic asks for toxicology data 
If it is not possible to obtain objective and reliable medical 

history in a patient with suspected intoxication, an inquiry into 

CNS depression based on a toxicological differential diagnosis 
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with an unspecified aetiology should be performed. It is worth 

noting that such an inquiry should take into account hundreds 

of chemical compounds in different chemical states and with 

diverse chemical structures. The number of compounds that 

may be the actual cause of nervous system dysfunction, 

and therefore the number of parameters to be determined, 

significantly exceeds the number of parameters analysed in 

any other field of medical diagnostics. Procedures used in 

general diagnostic toxicology should allow for the detec-

tion of such compounds as alcohols and aliphatic glycols, 

volatile organic solvents, medications from different thera-

peutics groups, designer psychoactive substances, narcotics 

or pesticides. The designer drug list alone includes over 

400 substances with diverse structures, which renders their 

identification a challenge even for an adequately equipped 

toxicology laboratory [6]. To approach this issue, it is neces-

sary to answer a clinical question on whether we are dealing 

with a xenobiotic and its therapeutic, toxic or lethal effects. 

The availability and selection of an appropriate analytical 

tool is of key importance for the correct interpretation of 

results and the precise diagnosis of poisoning. 

What a clinic can expect from toxicology data
The multitude of probable chemical compounds to 

consider and evaluate does not allow for a completely un-

directed toxicological investigation. Although this type of 

diagnosis uses different analytical techniques, coopera-

tion with the doctor in charge is essential. Information on 

the timing and circumstances of intoxication, along with 

the clinical picture and laboratory findings regarding the 

vital organs involved in drug metabolism may be helpful 

and sometimes essential. This data allows for the selec-

tion of optimal analytical techniques in order to identify 

exogenous substances. Unfortunately, in everyday practice, 

a doctor’s order for a toxicological assessment often lacks 

even basic information, such as patient data and the circum-

stances of poisoning, with “toxicological profile” being the 

only annotation. The lack of data that could provide some 

guidance often prolongs the diagnostic process, increases 

its costs, or even prevents eventual identification of the 

xenobiotic causing the intoxication. Among the current 

methods used in routine toxicological investigation, it is 

important to note two techniques: immunological assays 

and instrumental methods. Intoxications with known or 

suspected aetiology can be successfully verified using im-

munological methods. Although these methods are mainly 

intended to assess the urinary levels of xenobiotics, they 

may be also used, in some cases, to verify a patient’s blood. 

Immunological assay kits are widely available and relatively 

easy to use. The measurement is usually performed directly 

on biological material (without the need to additionally 

process the sample) with the result being available within 

15 to 20 minutes. On the other hand, immunological assays 

have numerous limitations [7]. First of all, they are charac-

terised by an unsatisfactory substrate specificity leading 

to false positive results. Additionally, the range of testable 

parameters is limited and there is no possibility of general 

(non-targeted) diagnosis. In practice, these methods are use-

ful in confirming intoxication with selected xenobiotics, such 

as acetaminophen, carbamazepine, theophylline, salicylates, 

valproic acid, digitoxin and phenobarbital. Such tests are 

also used to identify the main groups of narcotics such as 

amphetamines, methamphetamine, 3,4-methylenedioxym-

ethamphetamine (ecstasy), opiates, tetrahydrocannabinols 

and cocaine. Despite the availability of immunologic assays 

for other xenobiotics such as benzodiazepines, tricyclic an-

tidepressants and opiates, the results of such test may be 

inconclusive and lead to a  false diagnosis [8]. Therefore, 

instrumental methods are necessary in most cases in order 

to obtain accurate results from qualitative and quantitative 

toxicology. Instrumental methods are used for all types of 

investigated material (blood, urine, gastric lavage sample) 

and are based on chromatographic separation and the direct 

detection of a xenobiotic. Considering the wide range of 

available tests, it is necessary to use several analytical sys-

tems based on different detection methods and separation 

techniques (there are no universal solutions). Intoxication 

diagnosis after the ingestion of an unknown alcohol involves 

chromatographic analysis with flame-ionisation detection 

with separation in different vehicles (different chromato-

graphic columns), using specific equipment settings for 

glycols, aliphatic alcohols and volatile organic solvents. Gas 

chromatography-mass spectrometry, usually at low resolu-

tion in a single or tandem setup, is used for the assessment of 

intoxication with less volatile, non-polar organic compounds 

(pesticides, dioxins, polychlorinated biphenyls). Fluid chro-

matography with photodiode detection is used to identify 

more polar compounds (mainly drugs). Despite high efficacy 

in the identification of a number of compounds, the use of 

instrumental methods is limited by insufficiently specific UV 

spectra and relatively low specificity (mostly for narcotics 

or designer psychoactive compounds, or drugs with potent 

pharmacological activity). Such cases require the use of 

high-resolution tandem mass spectrometry, which allows 

for a simultaneous quantitative and qualitative identifica-

tion of hundreds of organic compounds present at very 

low levels. In a general toxicological analysis, sample pro-

cessing before analysis is also important and depends to 

a large extent on the structure of the analysed compounds. 

For example, confirmation of intoxication with baclofen or 

metformin (both highly polar compounds soluble in water) 

requires a  specific procedure of extraction which will al-

low for the selective transition of these drugs to a solution 

intended for analysis. 
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A therapeutic, toxic or lethal dose?
The lack of a basic unified terminology in the crosstalk 

between clinicians and toxicological personnel leads to 

confusion, with the frequently used, yet not clearly specified 

term “screening test”. The term is usually narrowed down 

to define a group of xenobiotics: medications, narcotics or 

alcohols not for human consumption and designer drugs. 

Unfortunately, this term is understood differently by differ-

ent people involved in the diagnostic process (laboratory 

technicians, doctors, toxicologists). Moreover, a screening 

test is often incorrectly defined as an immunological assay 

or strip/dipstick test rather than the actual range of analysed 

parameters and providing at least a theoretical possibility of 

identifying a group of xenobiotics in a single analytical cycle. 

The latter option would be helpful for a referring physician 

whose role is to either confirm or exclude the presence of 

substances that could have an impact on the patient’s CNS 

function, as opposed to compounds that can be detected 

only by the immunological method. In the diagnostic re-

ality, answering a  clinician’s  question about the type of 

intoxication present is possible only after a multifactorial 

analysis. Only instrumental methods can confirm the pres-

ence of, among other things, diabetic medications, calcium 

channel blockers, beta blockers, phenothiazines, NSAIDs or 

antihistamines. Immunological tests cannot be a basis for 

deduction, especially in the context of their effects on the 

CNS. It is also important to note that different agents from 

the same therapeutic group show different reactivity in 

immunological assays. Table 1 shows exemplary detection 

levels for benzodiazepines in immunological tests compared 

with their therapeutic levels. 

It is impossible to estimate the effects of benzodiaz-

epines on the CNS using this assay as the limits of their 

detection are much higher than the upper ranges of thera-

peutic concentrations. Targeted testing, which is focused on 

a specific parameter, is another issue. Even in such cases it is 

not always recommended to use only immunological test-

ing. For example, targeted testing to determine blood levels 

of midazolam and/or fentanyl, which would be impossible 

using only immunological assays as they can only detect 

large concentrations of midazolam and do not take into 

account its active metabolites, is often ordered by intensive 

care doctors. According to the data of the manufacturer of 

the widely used Emit tests (shown in Table 1), the minimal 

detection level for benzodiazepines is 300 ng mL-1. This 

method allows for detecting the majority of agents from this 

class only at concentrations far exceeding the therapeutic 

levels; therefore, it is difficult to consider it as a screening 

method – there is a possibility of a negative result despite 

the presence of the drug in the patient’s blood at thera-

peutic levels. 

Clinical vignette
The importance of choosing an appropriate analytical 

technique may be illustrated based on the case of toxicologi-

cal analysis due to suspected zolpidem intoxication. The drug 

belongs to the imidazopyridines — a group of GABAA recep-

tor agonists with hypnotic properties. In everyday practice, 

this drug is assigned to the benzodiazepine group due to 

its hypnotic properties; however, as its chemical structure 

is completely different from that of other medications in 

this group, its detection using tests for benzodiazepines is 

impossible. In this particular case, the doctor ordered test-

ing for tricyclic antidepressants (TCA) and benzodiazepines 

despite the fact that both of these tests would turn out to 

be negative even at very high levels of zolpidem. In clinical 

situations requiring targeted testing, it is advisable to avoid 

using group names, but use specific drug names instead. 

On the other hand, when ordering general screening, the 

range of suspected medication groups (alcohol, narcotics, 

medications) should be narrowed down. In many cases, 

providing the reason for toxicological testing may be of 

utmost importance and greatly advantageous for the whole 

diagnostic process.

In the case mentioned above, the physician on duty 

ordered immunological assays for benzodiazepines and 

opiates. The laboratory technician could have conducted 

the testing and send back negative results. However, after 

a telephone consultation with an intensive care doctor, it 

was found that midazolam and fentanyl were the drugs 

used. It is worth noting that the referring physician chose 

the term “opiates” in the test order despite the fact that 

Table 1. Benzodiazepines identification, therapeutic and toxic levels with reference to the EmitTox™ tests (cut-off at = 300 ng mL-1) [9] 

Substance Identification 
range 

(ng mL-1)

Therapeutic 
range 

(ng mL-1) 

Toxic
range

Substance Identification 
range 

(ng mL-1)

Therapeutic 
range

(ng mL-1)

Toxic

Alprazolam 400 5–50 100–400 Flumazenil No data 20–100 500

Temazepam 1,000 400-900 No data Prazepam 1,000 200–700 1,000

Chlordiazepoxid 5,000 400–3,000 3,500–15,000 Flurazepam No data 20–100 200–500

Clonazepam 2,000 2–80 100 Diazepam 300 100–2,000 3,000–5,000

Lorazepam 3,000 8–25 300–500 Oxazepam 1000 200–1,500 2,000
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Figure 1. Referral for toxicology testing (at admission to hospital) in the case of a 64-year-old man with a suspected zolpidem overdose 

Figure 2. A 54-year-old male at 72-hours after admission to an ICU with a preliminary diagnosis of brain death 
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Figure 3. Fentanyl, midazolam and active metabolites concentrations established by liquid chromatography quadrupole time-of-flight mass spectrometry 
(LC-Q TOF) for reference to Fig. 2 Therapeutic range for midazolam: 0.04–0.1 mg L-1

Compound Name: Midazolam (291.0900–291.1500)

Expected RT: 3.30

Actual RT: 3.30

Equation: y = 0.06141 × 
(r = 0.99573) (weighting: None)

Area Counts: 2.824e4

ISTD Area Counts: 1.252e4

Amount: 36.7 (ng mL-1)

Compound Name: 1-hydroxy-midazolam 
(324.0300–324.1000)

Expected RT: 3.35

Actual RT: 3.31

Equation: y = 0.06141 × (r = 0.99891) 
(weighting: None)

Area Counts: 2.417e3

ISTD Area Counts: 1.252e4

Amount: 3.1 (ng mL-1)

Compound Name: 4-hydroxy-midazolam 
(297.0300–297.1000)

Expected RT: 3.20

Actual RT: 3.25

Equation: y = 0.02912 × (r = 0.99443) 
(weighting: None)

Area Counts: 6.479e3

ISTD Area Counts: 1.252e4

Amount: 17.8 (ng mL-1)

Compound Name: fentanyl (188.1200–188.1700)

Expected RT: 3.30

Actual RT: 3.29

Equation: y = 0.17761 × (r = 0.99850) 
(weighting: None)

Area Counts: 1.864e3

ISTD Area Counts: 1.252e4

Amount: 0.8 (ng mL-1)

fentanyl is a  synthetic agonist at the opioid receptors. 

While ordering immunological test for benzodiazepines 

in cases of suspected midazolam intoxication may be 

justified by one’s  unfamiliarity with the specifics of im-

munological testing, referring to fentanyl as an opiate 

should be considered as a  mistake. Measuring anaes-

thetic medication levels (fentanyl and midazolam along 

with their metabolites in particular) requires instrumental 

methods. The testing was conducted using liquid chro-

matography coupled with high resolution mass spec-

trometry, which allowed for the detection of medications 

used with expected sensitivity and selectivity. In cases 

where it is known that the tested xenobiotic is present 

at a  low concentration, but still with a  therapeutic or 

clinically significant effect, liquid chromatography with 

tandem mass spectrometry is the method of choice. In 

the above-presented case, the concentration of fentanyl 

was 0.8 ng mL-1 (the range of therapeutic concentrations: 

3.0–300 ng mL-1). 

Instrumental measurements in toxicology 
— “quick, precise, inexpensive”

Contrary to the commonly held view, targeted drug test-

ing using high resolution mass spectrometry is not time con-

suming. For example, the measurement of selected drugs 

commonly used in an ICU setting (the so-called anaesthetic 
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panel — fentanyl, midazolam and two of its metabolites, 

propofol and dexmedetomidine — takes no longer than 

30 minutes (including sample preparation, analysis and 

result assessment). It should be added that the number of 

parameters analysed in one measurement cycle depends 

only on the ordering physician’s suggestions. The simulta-

neous identification of a few to several compounds does 

not constitute a  limitation of the method. However, it is 

important to specify all investigated compounds before 

method validation as the later inclusion of new parameters 

will mean the need to repeat the procedure. The latest in-

strumental methods allow one to reduce analysis duration, 

which is now comparable with that of rapid immunological 

assays, while retaining a higher selectivity, specificity, preci-

sion and range of parameters measured. For comparison, 

testing a single parameter using an immunological assay 

takes about 20 minutes, while a  general testing due to 

drug intoxication using instrumental methods takes from 

20 to 30 minutes. Measuring another compound with the 

immunological method requires another measurement 

cycle with a significantly limited range of measurable pa-

rameters. As opposed to immunological testing, where the 

cost of each single measurement is a multiplication of each 

unit cost, the increasing number of simultaneously tested 

parameters in instrumental methods is not associated with 

a proportional increase in the cost. In toxicological diag-

nostics, general analyses requiring a number of analytical 

devices and different procedures are the most expensive, 

while even in such cases the time for testing is usually not 

longer than two hours (especially when three different sam-

ples from the patient are used — blood, urine and gastric 

lavage fluid). Diagnostic toxicology for clinical purposes 

includes mainly two approaches — targeted determination 

of a  selected xenobiotic and multiple parameter analy-

sis (general testing), sometimes limited to one group of 

compounds (narcotics, alcohols). The choice of procedure 

used largely depends on the availability of data concerning 

a specific clinical case (past medical history of the patient, 

circumstances of intoxication, results of clinical and labo-

ratory tests), which will in turn ensure the accuracy of the 

toxicological analysis. Two groups of methods are used in 

the diagnostic process. The use of immunological methods, 

which are easy and quick, is limited to testable parameters 

in targeted testing. 

Summary 
Instrumental methods, which allow both for general 

(screening) and targeted analyses for compounds with high 

biological activity and which show high selectivity and ap-

propriate accuracy, are of primary importance in the diagno-

sis of poisoning. In addition to having access to appropriate 

technical laboratory equipment, close cooperation between 

physicians and the laboratory team responsible for toxico-

logical evaluation is an important element determining the 

appropriate level of diagnostic toxicology. 
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