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Abstract

In forensic practice, PRIS is considered as the comorbid disease. The project was devoted to the study of PRIS signs in 38 cases 
of sudden death after surgical interventions. Archival forensic material of “medical cases” for the period from 2011 to 2020 
was studied. The clinical and laboratory features of PRIS are summarized. It was found that the most common symptoms were 
lactic acidosis, hyperkalemia, and progressive heart failure. Optimization of standard forensic chemical study was carried 
out, in which it was established that the hydrolysis stage must be included in the urine sample preparation procedure for 
the determination of propofol. When conducting forensic chemical study of biological objects for the content of propofol, the 
analytical technologies used must have the sensitivity for detecting propofol in the blood at the level of 0.01 μg/ml or lower. 
Solid-phase extraction method on cartridges with mixed hydrophobic-anion exchange properties with sorbent such as Oasis 
MAX Cartridge 3cc, /60 mg/60μm companies Waters (USA) is 17% more effective than the routine liquid-liquid extraction 
method of propofol from blood. The preparation of TMS derivatives of propofol, increases the efficiency of chromatographic 
separation and provides the possibility for the analytical study of extracts from blood over a longer period of time (up to 24 
hours).
      
Keywords: Propofol; Sudden Death; Propofol Infusion Syndrome; Lactic Acidosis; Forensic Chemical Analysis

Abbreviations: PRIS: Propofol Infusion Syndrome; IS: 
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Introduction

Propofol infusion syndrome (PRIS) is described as rare, 
but potentially fatal disease caused by the anesthetic use 
of propofol during surgery. Currently, PRIS as the cause of 
death is diagnosed in both children and adults [1]. The most 
characteristic signs and symptoms of PRIS, according to the 
literature, are bradycardia, arrhythmias, metabolic acidosis, 

hyperkalemia, rhabdomyolysis, and progressive heart failure 
that is resistant to therapy [2]. The risk of developing PRIS 
increases, when the maximum permissible duration of 
propofol administration (48 hours), and its single dose of 
more than 4 mg/kg/hour are exceeded, as well as in critical 
health conditions of patients due to severe previous injuries, 
diseases, and individual predisposition [3,4]. 

In forensic medical practice, PRIS is encountered when 
there is suspicion that it may have caused the death of  
patients after surgery using propofol. When investigating 
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such cases, forensic medical examination is prescribed to 
determine the mistakes made by the attending physicians. 
Examinations are carried out with the participation of 
clinical specialists. All available medical documents are 
analyzed. 

Examination reports show that in cases of sudden death, 
PRIS is considered to be the comorbid disease.
 

Propofol is a short-acting anesthetic drug used to induce 
and maintain general anesthesia. Its undeniable advantages 
are the rapid restoration of psychomotor and cognitive 
functions without unpleasant sensations upon awakening 
[5,6]. In medical practice, registered dosage form is used, 
which involves an emulsion for intravenous administration 
that contains 10 mg/ml of propofol, regardless of the 
produced volume and trade names of the drug. The sedative 
effect begins to appear when the propofol content in the 
blood is between 0.001–0.004 μg/ml. For sedation during 
intensive care, the target blood concentration of propofol 
is between the range of 0.2–2.0 μg/ml. For induction of 
general anesthesia, the average dose of propofol in adults is 
between the range 2-2.5 mg/kg body weight. Propofol in the 
blood between 3 and 6 μg/ml maintains sufficient level for  
general anesthesia. The propofol concentration in the blood, 
decreases slowly due to its redistribution from adipose 
tissue [7,8]. There is no significant accumulation of propofol 
during surgical procedures [9,10]. 

Goal of the Work

To identify the frequency of PRIS and its characteristics 
in the conclusions of forensic medical examinations. To adapt 
methodology for the forensic chemical determination of 
propofol in the blood and urine of the deceased using gas-
liquid chromatography methods.

Materials and Methods

We studied archival materials of forensic medical 
examinations performed in Moscow and Moscow Oblast 
during the period from 2011 to 2020. The study group of 
observations included 38 deaths of patients who underwent 
surgery, with the administration of propofol, and then PRIS 
developed. 

The materials contained clinical examination data and 
laboratory test results from the medical records (medical 
histories) of the deceased, as well as the results of post-
mortem forensic examinations. The sampling took into 
account characteristic PRIS features: metabolic acidosis, 
hyperkalemia, rhabdomyolysis, renal failure, cardiac 
arrhythmias, and progressive heart failure [11,12]. The 
doses of propofol used, and the duration of anesthesia were 
determined from the medical documents. The study took 
into account the number of deaths by gender and age, and 
the distribution of cases by year. The occurrence frequency 
of PRIS, and symptoms were determined as the percentage 
relative to the total number of observations. 

During the forensic chemical examination of the 
blood and urine from the examined corpses, an improved 
technique for the analysis of biological objects were used, 
which included the use of solid-phase extraction for blood, 
acid hydrolysis and liquid-liquid extraction for urine, 
obtaining TMS derivatives during derivatization for analysis 
of the obtained extracts on the Agilent 7890B/5977A 
chromotomass spectrometer with autosamplerG4513A and 
a capillary column HP-5MS 30 m x 0.25 mm, phase - 0.25 µm.

Study Results

The annual distribution of PRIS cases is presented in Table 1.

Years 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Number of Observations 2 4 3 4 3 3 4 5 4 6

Table 1: Frequency of PRIS During the Period 2011-2020.

The age of the deceased ranged from 6 to 67 years. The 
number of men and women was seen in a ratio of 17/21.

The number of cases with established excess dose of 
administered propofol was 15.8%. The number of cases 
where the infusion duration was used that exceeded the 
permitted 48 hours was 18.4%. 

As can be seen from the table above, the most frequently 
identified signs & symptoms in the studied observation 
group were: progressive heart failure, cardiogenic shock, 
hyperkalemia, and increased blood lactate, which indicates 

progressive metabolic acidosis. Rhabdomyolysis was 
mentioned in almost half of the cases studied. Information 
on increased triglycerides levels and increased creatine 
kinase activity in the blood occurred in 1/3 of the studied 
cases. The combination of the above signs and symptoms , 
indicated multiple organ dysfunction syndrome. 

Histological examination revealed chronic inflammatory 
and destructive changes in the liver and kidneys. Such 
findings were observed in 32 observations, which amounted 
to 84.2% of the total number of the studied cases with PRIS.
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Conditions were established for adapting the 
methodology for forensic chemical testing of propofol in 
cadaveric blood and urine. 

The frequency of PRIS characterizing signs is presented 
in Table 2.

1. Metabolic acidosis (blood lactate> of 5 mmol/l) 58.9
2. Hyperkalemia (> 6.5 mmol/l) 78.9
3. Rhabdomyolysis 44.7
4. Hypertriglyceridemia (2.3–5.6 mmol/l) 31.6
5. High blood creatine kinase activity (>195 U/l) 36.8
6. Acute renal failure (blood creatinine >500 µmol/l) 23.7
7. Cardiogenic shock 86.8
8.  Elevated levels of liver transaminases 47.4
9. Low glycogen 78.9

10. Hypotension 26.3
11. Bradycardia 68.4
12. Arrhythmia 31.6
13. Progressive heart failure 94.7
14. Electrocardiogram changes 50
15. Fever 34.2

Table 2: Frequency of signs and symptoms characteristic for PRIS (%).

Chemicals and Reagents (Reagents, Chemicals 
and Standards)

All reagents were highly purified (HPLC grade solvents) 
and stored according to the manufacturer’s and supplier’s 
requirements. Propofol Analytical Standard 1 mg/ml in 
methanol (Lot# FN01251702) and thymol substance 
from the company Sigma-Aldrich. Solid phase extraction 
cartridges 3cc/60 mg/60μm Oasis MAX Cartridge from the 
company Waters (USA).

Sample Preparation for Gas Chromatography-
Mass Spectrometry Analysis GC/MS (Sample 
Preparation and Extraction Procedure)

Working propofol solutions for constructing the 
calibration curve were prepared from the analytical 
standard in concentrations of 0.01, 0.05, 0.10, 0.50, 1.00, 
5.00, 10.00, and 20.00 µg/ml. A thymol internal standard 
(IS) solution at a concentration of 10.00 μg/ml was 
prepared in methanol, using the mass-volume method. 
When preparing model mixtures, 1 ml glass vial was filled 
with 0.90 ml of blank blood plasma was added with 0.10 ml 
of propofol methanol solution to achieve the appropriate 
concentration, which was then mixed on a shaker for 1 
minute.

Solid Phase Extraction for Blood

A preliminary comparison of the propofol extraction 
process from model blood mixture with a concentration of 
10,000 ng/ml using C8, C18, and combined MAX cartridges 
showed that the extraction on a cartridge with a sorbent 
having mixed hydrophobic - anion exchange properties 
MAX (> 90%) higher and cleaner in terms of noise level in 
instrumental analysis, before and after the peaks of propofol 
and thymol. Solid phase extraction cartridges Oasis MAX 
Cartridge 3cc, /60 mg/60 μm from the company Waters 
(USA) were subsequently used for solid-phase extraction. 
The activation scheme for the Oasis MAX 3cc solid phase 
extraction cartridge was carried out by sequentially passing 
1.0 ml of methanol and 1.0 ml of water through the cartridge. 
Then, without allowing the cartridge to dry out, 1.0 ml of 
blood sample was added and passed through the cartridge 
at the speed of 0.5 ml/min, followed by cleaning it with 1 
ml of 0.1% aqueous solution of formic acid. Elution from 
the cartridge was carried out twice with 0.5 ml of acidified 
methanol (0.1% methanol solution of formic acid). 

The obtained eluate was dried at 40°C in a slow flow of 
nitrogen. Samples were restored with 1.0 ml of methanol and 
100 μl of thymol was added at a concentration of 10.00 μg/
ml. The coefficient for the extraction (yield) of propofol from 
model blood mixture with a concentration of 100 ng/ml was 

https://medwinpublishers.com/IJFSC/


International Journal of Forensic Sciences
4

Ng M.J, et al. Sudden Death Associated with Propofol Infusion Syndrome. Int J Forens Sci  2024, 9(2): 
000391.

Copyright©  Ng M.J, et al.

92.9%, and at 10 µg/ml it was 98.2%.
Hydrolysis: per 1 ml of urine, 1 ml of 5 M HCl was added, 
and hydrolysis was carried out at 100–105ºC for 1 hour. 
After cooling, the mixture was filtered, alkalinized with 10 M 
NaOH solution to pH 8-9, according to a universal indicator, 
and adjusted to 3 ml with phosphate buffer with pH 8.0.
Liquid-liquid Extraction: added to 1.0 ml of blood or 
neutralized hydrolyzed urine was 0.1 ml of methanol 
solution of thymol (10 μg/ml). Samples were extracted with 
3 ml heptane/dichloromethane/ethyl acetate (4:4:2 ratio) 
with continuous shaking for 15 minutes. The separation was 
carried out by centrifugation at 3,000 rpm for 10 minutes. 
The top organic layer was collected and dried at 40°C in slow 
nitrogen flow. Samples were reconstituted with 100 μL ethyl 
acetate, and 1 μL aliquot was injected into the instrument. 
The extraction ratio of propofol from the model blood mixture 
with concentration of 100 ng/ml was 76.2%, 10 µg/ml – 
75.2%. Although in the routine practice of forensic chemical 
studies, the most widely used is the liquid- liquid extraction 
method. On the other hand is the extraction of propofol use 
solid-phase  extraction, by using the Oasis MAX Cartridge 
3cc, / 60 mg from a model blood mixture with concentration 
of 100 ng/ml, showed an increase by almost 17%.

Derivatization Obtaining TMS Derivatives

The derivation method was used, if it was necessary 
to analyze the extracts obtained from forensic blood test 
samples, longer time range than 4 hours. In addition, TMS 
derivatives of propofol are stable throughout the day and 
have more pronounced peaks in chromatograms, due to the 
closure of the active hydroxyl group; the detection process 
is affected, by changes in molecular weight values. TMS 
derivatives of propofol and thymol were obtained by adding 
50µl of N, O-b is (trimethylsilyl) trifluoroacetamide (BSTFA)
with 1% TMCS (Trimethylchlorosilane) to the dry residue 

after extraction, and evaporating in slow nitrogen stream 
at 40°C. Mixture was incubated at 60°C for 30 minutes, 1 µl 
aliquots were added to the instrument. 

Chromotography Equipment and Conditions

Agilent 7890B/5977A chromatography-mass 
spectrometer with an autosampler G4513A, capillary column 
HP-5MS 30 m x 0.25 mm, and phase - 0.25 µm. The initial 
column temperature of 80°C, exposure for 1.5 minutes, rise 
at the speed of 40°C/min up to 135°C/min, exposure for 1 
minute, rise 10°C/min up to 175°C, then 40°C/min up to 
280°C, exposure 2 minutes; carrier gas helium, speed 0.9 
ml/min in constant flow mode; injector thermostat 250°C, 
septum airflow 3 ml/min, injector mode – pulse without 
division, pulse pressure 30 psi up to 0.8 min, purge flow 50 
ml/min after 1 minute, gas saving 20 ml/min after 3 min; 
MSD interface set to 280°C , MSD operating mode. The source 
and quadrupole temperatures were set to 230°C and 150°C, 
respectively. There was the solvent delay for 3 minutes. The 
total analysis time was 12.5 minutes. Range of recorded 
masses in SCAN mode, from 40 to 500 Da. In SIM mode, ions 
were selected by intensity: for propofol – m/z 163, 178, 117 
and m/z 235, 250, 73 for TMS-propofol; thymol – m/z 135, 
115, 151, and m/z 252, 267 and 73 for TMS-thymol.

Method Validation

Validation is based on the Guideline on Bioanalytical 
Method validation (2011, EMEA/CHMP/EWP/192217/2009 
Rev. 1 Corr. 2). Model mixtures of blood prepared for analysis 
as described in the section “solid-phase extraction” (without 
derivatization), were used as the matrix for validation. 
Selectivity was examined by analyzing 10 ng/mL blood 
blank, and positive control samples (Figure 1). 

Figure 1: Chromatogram of a Model Mixture of a Blood Sample Containing 10 Ng/Ml Propofol.

https://medwinpublishers.com/IJFSC/


International Journal of Forensic Sciences
5

Ng M.J, et al. Sudden Death Associated with Propofol Infusion Syndrome. Int J Forens Sci  2024, 9(2): 
000391.

Copyright©  Ng M.J, et al.

The ratio of peaks detected at retention times, 
corresponding to propofol, and thymol (internal standard), 
were at least 5 times smaller or absent altogether. Precision 
and accuracy were assessed using 4 control blood samples, 
with propofol concentrations of 0.01, 0.05, 0.50, and 15.00 
μg/ml. The coefficient determination of the calibration curve 
was 0.9987. When determining the accuracy, the level of 
detected propofol concentration was between the range of 
92.6% – 112.5% (N=6), and the precision error was 0.7% – 
5.0% (N=6), which did not exceed the permissible criterion 
of 15.0%. The calibration curve was linear over the entire 
range of measured concentrations (0.01 – 20.00 μg/ml), and 
the sample transfer after the injection of the control with 
high propofol concentration did not exceed 1.60% (N=3). 

The yield when extracting blood sample with concentration 
of 0.10 μg/ml was 92.9% (N=3). The matrix effect was 
completely compensated by the internal standard. In the 
control blood samples studied, propofol was completely 
stable within 4 hours at the temperature of +20 – 25°C and 
after freezing-thawing cycles, its opening level was90.18% 
-107.30% (N=3), and 93.93% – 111.78% (N=3), respectively, 
with an acceptable error criteria of15%. 

During practical expert analyzing the blood samples for 
the presence of propofol, clear isolated peaks of propofol 
and thymol were revealed in the chromatograms. The 
chromatogram obtained from the analysis of an expert blood 
sample is presented in Figure 2.

Figure 2: Chromatogram Obtained from the Analysis of an Expert Blood Sample. On Chromatogram Signal, XIC Corresponds 
to Propofol Ion 163.1, Below - XIC from Ion 135.1 of Thymol.

Results Discussion

Propofol infusion syndrome is rare, but remains 
potentially fatal complication of propofol use in anesthesia. 
Our study during the period from 2011 to 2020 confirmed 
the regularity occurrence of deaths, associated with PRIS 
[13]. Over the 10-year period, the number of postoperative 
deaths associated with PRIS increased. In 2020, the number 
of such cases doubled compared with 2011. In our study, 
cases of postoperative sudden death associated with PRIS 
were more common in the age between group 21–52 years 
(65.8%). In men, PRIS was established less frequently than 

in women (55.3%). 

Progressive heart failure, hyperkalemia and increased 
metabolic acidosis level (ketoacidosis) were more frequently 
encountered. The changes we obtained are consistent with 
literature data [14].

Rhabdomyolysis was mentioned in almost half (44.7%) 
of the studied cases. Other signs and symptoms that may be 
associated with the onset of death in the early stages of the 
PRIS development. In the event of sudden death, pronounced 
disturbances in oxidative cellular respiration do not have 
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enough time to develop [15]. 

Exceeding the duration propofol infusion administration 
longer than 48 hours, was detected in 7 cases (18.4%). 
Therefore, to reduce the risk of unfavorable outcome, when 
PRIS signs and symptoms appear, further administration of 
propofol should be discontinued. Based on the data in the 
literature [16], and the results we obtained, it should be 
assumed that the pathophysiological mechanism of PRIS 
development, is the destructive effect of propofol on the 
respiratory chain, reducing ATP production and cellular 
hypoxia. 

Conclusions 

According to the conclusions from forensic medical 
examinations, the most common PRIS signs and symptoms 
after surgical interventions with the use of propofol are: 
progressive heart failure, hyperkalemia, and metabolic 
acidosis (ketoacidosis). The particularity of forensic cases 
of PRIS are quickly occurring death, when pronounced 
disturbances of oxidative cellular respiration, and their 
consequences in the form of multiple organ disorders do not 
have enough time to develop. 

Propofol administration further increases the risk 
of sudden death during the surgical intervention, in the 
presence of chronic inflammatory, and destructive changes 
in the liver and kidneys. Immediate discontinuation of 
further propofol administration, reduces the risk of adverse 
outcome. 

When forensic chemical testing of biological objects for 
propofol content is carried out, the analytical technologies 
used, must have sensitivity for the discovery of propofol in 
the blood, at level of 0.01 μg/ml or lower, and the method of 
solid-phase extraction on cartridges with mixed hydrophobic-
anion exchange properties with sorbent such as Oasis MAX 
Cartridge 3cc,/ 60 mg/60μm from the company Waters 
(USA) is 17% more effective, than the routine liquid-liquid 
extraction method of propofol from blood. The preparation 
of TMS derivatives of propofol increases, the efficiency of 
chromatographic separation and provides the possibilities 
for the analytical study of extracts from blood over longer 
period of time (up to 24 hours).
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