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LITERATURE REVIEW: THE IMPACT OF BARBITURATE 

THERAPY IN CHILDREN WITH SEVERE TBI 

Authors: A. Appiah-Baiden, D. van Eck, N. Thango, T. Mlambo, J. Enslin, U. Rohlwink, S. Salie, A. Figaji 

 

 

INTRODUCTION 

Severe traumatic brain injury (TBI) is a heterogenous entity reflecting either focal or global 

modes of injury. Focal findings include haematomas (extradural, subdural and intraventricular) 

and contusions. Global findings include post-traumatic subarachnoid haemorrhage, diffuse 

axonal injury, brain swelling and/or ischaemia and post-traumatic hydrocephalus (1). Severe 

traumatic brain injury (TBI) commonly causes raised intracranial pressure (ICP), which occurs 

in 50 to 80% of cases (2). The degree and duration of raised ICP adversely impacts patient 

outcomes (3), therefore ICP management is a fundamental step of limiting secondary brain 

injury.  

Less is known about paediatric TBI when compared with the data and guidelines for adult TBI. 

TBI in children differs in both pathophysiology and management compared to adults. The 

differences are attributable to age-related structural changes, mechanism of injuries based on 

physical ability of the child, and the difficulty of neurological evaluation of the paediatric 

population. Therefore, children are considered to exhibit a specific pathological response to 

brain injury and accompanying neurological symptoms (4). 

 

TREATMENT PROTOCOLS 

Standardized protocols and guidelines have been developed in the last decade based on 

current evidence and consensus groups to guide ICP directed therapy for severe TBI (5, 6, 7). 

A 3-tier escalating approach has been adopted, according to which different treatment 

modalities are prioritized in their application. Treatments with more severe side-effects are 

classified as higher tier, while those with fewer side effects are considered lower tier. Tier-zero 

is management aimed at establishing a stable, neuroprotective physiologic baseline 

regardless of eventual ICP; this usually involves sedation and analgesia to target comfort and 

ventilator tolerance. Tier-one represents the first foray into managing medically refractory ICP 

(MRICP): escalation of analgesia and sedation, normocapnia, use of an external ventricular 

drain (EVD) to drain cerebrospinal fluid (CSF), electroencephalogram (EEG) monitoring and 

hyperosmolar therapy (7).  
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Second tier therapies are applied for patients with MRICP despite optimum first tier therapy. 

They have the potential for significant adverse effects and should therefore be used with 

caution and only if the MRICP poses a greater risk to the patient (8). These interventions 

include mild hypocapnia (32-35mmHg), neuromuscular paralysis, mean arterial pressure 

(MAP) challenge, mild hypothermia (35-36oC), decompressive craniectomy and barbiturate 

coma (7). Mild hyperventilation reduces ICP by reducing cerebral blood volume, however it 

carries a risk of causing cerebral ischaemia (9). Neuromuscular blockade may lower the ICP 

by lowering ventilation pressures and ventilator asynchrony, thus improving venous outflow 

from the brain. However, early or prolonged use of neuromuscular blocking agents is 

associated with increased rate of ventilator-associated pneumonia, prolonged intensive care 

unit (ICU) stay and ICU neuromyopathy (10). Decompressive craniectomy reduces ICP and 

may reduce mortality, but there are surgical complications and the effects on long‐term 

neurological outcome may still be poor (11, 12). MAP challenge evaluates static pressure 

autoregulation (sPAR) and can be used to adjust MAP and cerebral perfusion pressure (CPP) 

to lower ICP in patients with preserved autoregulation. On the other hand, this carries the risk 

of ICP spike in cases of impaired sPAR autoregulation and may be difficult to assess in patients 

on high dose of vasopressors or concurrent lung or cardiac pathology (13). In some countries, 

use of EVD to drain CSF is applied as a second-tier therapy (14). 

 

BARBITURATE COMA THERAPY 

Barbiturate coma therapy (BCT) is a second-tier treatment used when first-line therapies fail 

to control ICP. Despite barbiturate therapy being recommended as a second tier therapy option 

for the management of refractory intracranial hypertension in both adults and children, its 

impact as a therapeutic strategy is still not well evaluated in the children. In fact, the choice 

between second tier therapies is not clearly defined because of lack of data, and practice 

across the world varies considerably. Pentobarbital and Thiopentone are the most commonly 

used barbiturates for MRICP in severe TBI. Both drugs are potent sedatives that induce 

metabolic suppression and have anti-epileptic properties (15).  In addition to lowering ICP, 

extracellular concentrations of lactate and excitatory amino acids are reduced after treatment 

with barbiturates (16). Overall, thiopentone appears to be more effective than pentobarbital at 

reducing ICP, although its effects may take up to four days to become noticeable (17). Which 

drug is used preferentially seems have geographic variation. 

The breakdown of thiopentone produces five metabolites, one of which is pentobarbital, with 

the remainder being inactive compounds (18). This may explain the increased efficacy of 

thiopentone in controlling ICP elevation as compared with pentobarbital (18). Significant 
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complications have been reported, with the most prominent being systemic hypotension. As a 

result, continuous invasive arterial blood pressure monitoring is required with adequate 

cardiovascular support in order to maintain appropriate CPP. Other complications include renal 

dysfunction, hepatic dysfunction, hypokalaemia, respiratory complications and infections (19). 

Literature on use of barbiturate coma in children to manage MRICP is scarce. In some 

paediatric studies, the improvement in ICP may be counterbalanced by the risk of 

haemodynamic problems and so it may not actually result in improved overall outcomes (20).  

 

EFFECTIVENESS OF BARBITURATE COMA IN REDUCING INTRACRANIAL PRESSURE 

Barbiturate coma therapy has been shown to be effective in reducing ICP in children with 

MRICP. A study by Velle et al. demonstrated that BCT significantly reduced ICP levels in 

children with TBI, with median ICP decreasing from 22 mmHg before BCT to 16 mmHg within 

five hours of treatment initiation, and this reduction was maintained throughout the treatment 

period (21, 22). These findings are consistent with other studies that highlight the effectiveness 

of BCT in lowering ICP in severe TBI cases, thereby reducing the risk of further brain injury (1, 

2, 17, 18). 

 

COMPARATIVE EFFICACY OF PENTOBARBITAL AND THIOPENTONE 

Pentobarbital and thiopentone are the most commonly used barbiturates in BCT. Both drugs 

are potent sedatives that induce metabolic suppression and have anti-epileptic properties, 

contributing to ICP reduction. However, evidence suggests that thiopentone may be more 

effective than pentobarbital. A randomized trial performed by Pérez-Bárcena et al. of 

pentobarbital versus thiopentone in the treatment of refractory intracranial hypertension in 

patients with TBI found that thiopentone was more effective in controlling MRICP in paediatric 

TBI patients compared to pentobarbital, with better-controlled ICP levels and fewer 

complications (18). Thiopentone’s increased efficacy may be due to its pharmacokinetics, as 

it is metabolized into pentobarbital and other inactive compounds, enhancing its ability to 

control ICP. This superiority in controlling ICP has been observed in both paediatric and adult 

populations, suggesting a broader applicability of thiopentone in BCT (3, 16, 23, 24). 

 

CLINICAL OUTCOMES AND COMPLICATIONS 

The clinical outcomes of BCT in children with severe TBI are generally favourable when ICP 

is effectively controlled. Velle et al. reported that 82% of children treated with BCT had 
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favourable outcomes, defined as either good recovery or moderate disability at follow-up (21, 

22). The occurrence of these side effects underscores the importance of administering BCT 

in a controlled environment, such as a neurointensive care unit (NICU), where continuous 

monitoring and prompt management of complications are possible (5, 6, 12). 

 

LONG-TERM IMPACT AND RECOVERY 

The long-term impact of BCT on children varies, with outcomes ranging from good recovery 

to moderate disability. While BCT is effective in controlling life-threatening ICP levels, its long-

term efficacy in improving neurological outcomes remains variable. Continued rehabilitation 

and monitoring are essential for improving long-term outcomes in paediatric patients treated 

with BCT (4, 21). This underscores the need for individualized treatment plans that consider 

the potential benefits and risks of BCT in paediatric TBI (10). 

 

SPECIFIC LITERATURE 

According to the Brain Trauma Foundation (BTF) Guidelines (5), the use of barbiturate coma 

is considered a Level III recommendation for ICP control. High-dose barbiturate therapy is 

recommended in patients who have MRICP with stable haemodynamic parameters, despite 

maximal medical and surgical therapy. Failure to control refractory ICP with high-dose 

barbiturates results in a reduction in time to death as well as a trend towards a five-fold 

increase in death (23, 24, 25). These guidelines further utilize 1 retrospective study and 3 

smaller treatment series in order to provide recommendations for the use of barbiturates in 

paediatric severe TBI.  

Mellion and colleagues (23) conducted a study utilizing high-dose barbiturates (non-

standardized dose) in the management of 36 children with severe TBI. Pentobarbital was 

utilized in the form of a loading dose followed by a continuous infusion. Other variables 

assessed from their study included: non-contrasted CT to assign a Rotterdam Criteria Score, 

mechanism of injury (motorized, non-motorized and non-accidental), markers of injury severity 

(GCS, Injury Severity Score or ISS, pre-hospital data such as cardiac arrest), transfer pattern 

(direct or indirect) and time from injury to trauma centre, hourly CPP and ICP data, use of 

vasopressors, laboratory results, ventilator settings, nosocomial infections and the  

development of renal insufficiency. Primary outcome measures in this study were the 

Paediatric Cerebral Performance Category (PCPC) score at discharge and then at 3 months 

(adequate 1-3, poor 4-6). The study ultimately concluded that high dose Pentobarbital 

achieved control of refractory hypertension in 30% of children, with other studies quoting 
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between 22-55% (22, 23, 24). This control was associated with an increased probability of 

acceptable long-term outcome. 

Kasoff et al (20) documented a treatment series of 25 children with severe traumatic brain 

injury and aggressive physiological monitoring. This monitoring strategy was based on 

concerns surrounding unpredictable physiological consequences of high dose pentobarbital 

therapy in the management of refractory intracranial hypertension. Failure to control ICP by 

means of mannitol, hyperventilation or head elevation were the triggers to initiate pentobarbital 

therapy. In this series, pentobarbital was administered as an initial bolus (4-7mg/kg) and then 

by continuous infusion of 1-4mg/kg. Pentobarbital blood levels (25-50mg/l) or EEG monitoring 

(absence of brainstem function) were utilized to assess depth of therapy. Primary outcome 

variables included GCS and Trauma Score (TS), which is a 16-point cumulative, 5-parameter 

score, assessing respiratory rate (0-4 points), respiratory expansion (0-1 point), systolic blood 

pressure (0-4 points), capillary refill (0-2 points), and GCS (1-5 points). Secondary variables 

assessed in this study included causes of TBI (MVA, falls, child abuse, baseball assault), 

diagnostic evidence on admission (mass lesions, decerebrate posturing, bilateral fixed pupils 

and hemiparesis), CT evidence of head trauma, mortality rate (20%), the need for inotropic 

support (91%), EEG findings of absence of brainstem function, ICP, MAP and other such 

physiological parameters. Some of the notable conclusions in this study were that GCS was 

a good predictor of outcome and that lowering ICP correlated well with improved outcomes.  

An older retrospective study was conducted by Pittman et al (26), assessing efficacy of 

barbiturate therapy (pentobarbital for at least 24 hours with a documented CPP <50 torr for 

>30 minutes) in the treatment of resistant intracranial hypertension in children with severe 

traumatic brain injury. This study only included 7 children between 1984 and 1986, all of which 

had raised intracranial pressure resistant to conventional medical therapies.  A Pentobarbital 

bolus dose of 5mg/kg, followed by a continuous infusion of 1-2mg/kg/hr was used to a target 

blood level of 30-40mg%. Outcome was graded using a modified 5-point Glasgow Outcome 

scale. Additional variables assessed (compared against outcome) included CPP, duration of 

treatment with pentobarbital, serum levels, age and initial neurological examination. Of the 7 

participants, 3 had good recoveries, 2 were moderately disabled, and 2 were in a vegetative 

state. Neither the CPP or pentobarbital coma were accurate predictors of outcome. 
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CONCLUSION 

Barbiturate coma therapy, particularly with thiopentone, is effective in reducing intracranial 

pressure in paediatric patients with traumatic brain injury, leading to favourable outcomes in a 

significant proportion of cases. However, the treatment is associated with a risk of side effects 

that require careful management. No clear guidelines exist for sedation and thiopentone use 

as a second-tier option for refractory ICP in children. No large series of barbiturate use exists 

in the paediatric population, and none which examine its effects on other physiological 

parameters. The choice of barbiturate and the setting in which BCT is administered are crucial 

factors that influence both the efficacy and safety of the treatment. Further research is needed 

to refine treatment protocols, improve long-term outcomes for paediatric patients undergoing 

BCT and to assess its effects on other physiological parameters, including ICP, PbtO2, MAP 

and CPP. 
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THE IMPACT OF BARBITURATE THERAPY IN CHILDREN 

WITH SEVERE TBI 

Authors: A. Appiah-Baiden, N. Thango ,D. van Eck, T. Mlambo, J. Enslin, U. Rohlwink, S. Salie, A. Figaji 

 

ABSTRACT 

INTRODUCTION  

There are no clear guidelines on how to use sedation and second-tier therapies for the 

treatment of raised intracranial pressure (ICP) in children with severe traumatic brain injury 

(TBI). Specifically, evidence is limited on the use of barbiturate therapy as a second-tier 

treatment option for uncontrolled ICP in children, in part because cohort sizes are small and 

there are little data on physiological effects. To address this, we evaluated the impact of 

thiopentone on physiological variables and outcome in children with severe TBI.  

METHODOLOGY:  

In this retrospective study we collected data on children (<13 years) with severe TBI who had 

undergone multimodality monitoring and received thiopentone to control ICP. We examined 

1) the effect of thiopentone on physiological variables, 2) clinical characteristics of the cohort, 

and 3) outcome. 

RESULTS:  

Data were analyzed from 74 children: most were male (67.6%), and most were road traffic 

accident victims (71.6%). The average time from admission to initiation of thiopentone therapy 

was 48 hours; the average treatment duration was 4.8 days. On average, patients were 

extubated 5.3 days after cessation of thiopentone infusion; 20.3% received tracheostomies, 

and the average duration of ICU stay was 13 days. Decompressive craniectomy (DC) was 

used in 23% of patients. The mortality rate was 20.3%. Thiopentone use was associated with 

a reduction in median ICP and median mean arterial pressure (MAP), and no change in 

cerebral perfusion pressure (CPP). Brain tissue oxygenation was slightly higher on 

thiopentone, but not significantly.  

CONCLUSION:  

This is the largest study to analyze barbiturate therapy in children with TBI. Thiopentone was 

useful in decreasing ICP. Although there was an associated decrease in MAP, CPP remained 

similar. Despite this being a selected group of patients on second-tier therapies, the mortality 

rate was acceptable. Thiopentone use may avoid the surgical morbidity of DC, but at the 

expense of longer stays in ICU.  

KEYWORDS: Intracranial Pressure (ICP), Thiopentone, Paediatric Critical Care, 

Decompressive Craniectomy 
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THE IMPACT OF BARBITURATE THERAPY IN CHILDREN 

WITH SEVERE TRAUMATIC BRAIN INJURY 

Authors: A. Appiah-Baiden, D. van Eck, T. Mlambo, J. Enslin, U. Rohlwink, N. Thango, S. Salie, A. Figaji 

INTRODUCTION 

Various standardized protocols and guidelines have been developed over the last two decades 

based on current evidence and consensus groups to guide intracranial pressure (ICP)-

directed therapy for severe traumatic brain injury (TBI) (1-4). The evidence base for these 

guidelines in children though, remain weak (2). In particular, there are no clear guidelines for 

how to use sedation and second-tier therapies for refractory ICP in children with severe TBI, 

and clinical practice across the world varies considerably. Barbiturate coma therapy (BCT) is 

recommended as an option for second-tier therapy for the management of medically refractory 

intracranial pressure (MRICP) in both adults and children. However, its impact as a therapeutic 

strategy is still not well evaluated in children. Pentobarbital and Thiopentone are the most 

commonly used barbiturates for MRICP in paediatric severe TBI. Both drugs are potent 

sedatives that induce metabolic suppression and have anti-epileptic properties (5). According 

to the Brain Trauma Foundation (BTF) Guidelines, the use of barbiturate coma is considered 

a Level III recommendation for ICP control. High-dose barbiturate therapy is recommended 

as an option for patients who have MRICP with stable haemodynamic parameters, despite 

maximal medical and surgical therapy (2). However, there is no clear guidance on which 

second-tier therapies should be employed and in which patients. There is some older data 

that suggested the improvement in ICP may be counterbalanced by mortality from 

haemodynamic problems and may not actually result in improved overall outcomes. Currently, 

barbiturate therapy is used uncommonly and variably in paediatric TBI, with decompressive 

craniectomy being a more commonly used strategy, accounting for as many as 35% of severe 

TBI cases in some series (6). Additionally, there is little data on the balance between 

effectiveness of barbiturate therapy in reducing ICP and its potential detrimental effects. 

Finally, the overall cohort sizes in the available literature are typically small. 

In this study we evaluate the impact of thiopentone on physiological variables of children who 

sustained a severe TBI, the characteristics of the population, and their clinical course.  
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CLINICAL MATERIALS AND METHODS 

This retrospective cohort study was conducted at the Red Cross War Memorial Children’s 

Hospital (RCWMCH), the primary referral centre for children with severe TBI within the 

Western Cape Province of South Africa. Ethical approval for the study was obtained from the 

University Of Cape Town’s scientific and human research ethics board (HREC Reference 

499/2022). Data were collected over a 10-year period, spanning from January 1, 2010, to 

December 31, 2020. 

 

Patient Selection  

Inclusion criteria for this study were children <13 years of age admitted to the intensive care 

unit (ICU) with a diagnosis of severe TBI (Glasgow Coma Scale [GCS] ≤ 8) in whom 

thiopentone infusion was administered as second-tier management for refractory intracranial 

hypertension, defined as an intracranial pressure (ICP) ≥ 20 mmHg after failure of standard 

first-tier medical management (7) (Appendix A). Patients were excluded if had incomplete 

medical records. 

 

Patient Management 

In brief, patients with severe TBI are managed broadly in keeping with established clinical 

protocols. An intracranial pressure monitor (Codman ICP Express; Codman, Integra 

Neurosciences) and brain tissue oxygen monitor (PbtO2), (Licox; Integra Neurosciences) are 

standard at our institution if intracranial monitoring is considered. Typically, the PbtO2 catheter 

was placed in normal-appearing white matter in the right frontal lobe. Patients are admitted to 

the paediatric intensive care unit where they were ventilated and managed according to an 

institutional protocol that aims to maintain ICP < 20 mmHg, CPP greater than 50mmHg, and 

PbtO2> 20 mmHg, but these goals are adapted for individual patients depending on age, 

clinical condition, brain imaging findings, and clinical course. Standard therapies for 

intracranial hypertension including sedation, analgesia, neuromuscular paralysis, ventricular 

drainage (where considered applicable), hypertonic saline, and CO2 control. Where these 

measures do not control ICP, surgical decompression or barbiturate coma are considered (8, 

9). Hypothermia is not used at our institution. The decision to use surgical decompression or 

thiopentone is at the treating clinician’s discretion; it is influenced by the nature of and 

magnitude of the ICP increase, haemodynamic instability, and the brain imaging findings. 

Mean arterial pressure (MAP) was measured through continuous invasive measurements 

(arterial line) and CPP was calculated from MAP-ICP with the arterial line zeroed at the level 

of the heart.  
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Thiopentone Infusion Protocol 

Thiopentone neat solution (25mg/ml) was administered as an intravenous infusion at 1ml/hr 

(dose Range 1-5mg/kg/hr). It was continued until the patient’s ICP was adequately controlled 

or if further treatment was deemed necessary by the clinical team. 

 

Data Collection 

Data were extracted from a prospectively maintained database. Where data were missing 

from the electronic database, patients’ clinical records were accessed. Usual protocol included 

high frequency physiological data (sampled at 50Hz) collected on bedside computers running 

specialized software (ICM+, Cambridge University); MAP was transferred via USB from a 

bedside monitor and ICP and PbtO2 were exported directly from the monitoring devices via 

an analogue-digital converter to the ICM+ system. Electronic data were averaged in 10 second 

intervals for data reduction and export. Occasionally ICM+ was not available or there were 

technical reasons why this could not be accomplished. In those cases, manual nursing records 

were collected. To compare time epochs before and after initiation of thiopentone, these 

recordings were analyzed for the 12-hour period before the drug was initiated, and compared 

to recordings for the duration that the drug was used. The following were collected: 

demographic data (age, sex), clinical data (mechanism of injury, initial GCS), physiological 

data and outcome. The use of decompressive craniectomy (DC) was classified as none, 

before thiopentone, or after thiopentone infusion. The use of tracheostomy in patients was 

dichotomised (yes/no) and time to extubation after thiopentone initiation was recorded.  

The physiological data collected included ICP, cerebral perfusion pressure (CPP), PbtO2 and 

MAP. The first hour of PbtO2 was disregarded to exclude insertion artefact and to allow the 

catheters to stabilize. The length of ICU stay was recorded and mortality was recorded as 

dead/alive at 6 months.  

Statistical Analysis 

Descriptive statistical analysis was used, beginning with measures of central tendency, and 

based on the distribution of the data, the appropriate statistical tests were performed 

(parametric vs non-parametric). All P-values were two-sided, and a value of p < 0.05 was 

considered significant. All data were entered into a secure database and analysed using SPSS 

software (version 26.0, IBM Corp.). 
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Describing the Temporal profile of physiological variables of patients on Thiopentone Infusion 

The measures of central tendency for ICP, MAP, CPP and PbtO2 were calculated per day for 

each patient. The median of physiological variables for before initiation of thiopentone, day 1, 

2 and 3 were depicted on a temporal graph to display their change over the specified time 

course. 

The effect of Thiopentone on physiological variables. 

The median values of physiological variables (ICP, MAP, CPP, PbtO2) were calculated per 

patient for the periods before (12-hour period before drug started) and after thiopentone 

infusion. A paired t-test (parametric) and Wilcoxon signed-rank test (non-parametric) were 

used to asses if there was a difference in averages before and after treatment. 

Describing the relationship between physiological variables, DC and outcome 

An independent t-test for MAP/CPP/PBTO2 and Mann-Whitney U-test for ICP (non-parametric 

on normality test) was used to assess the relationship of physiological variables to outcome. 

Outcome was dichotomized to dead/alive. A Kruskal-Wallis test was conducted to assess the 

effect of decompressive craniectomy on physiological variables. 

RESULTS 

Demographic and Clinical Characteristics 

Between January 1, 2010, and December 31, 2020, a total of 74 children with severe TBI were 

treated with thiopentone infusions as part of second-tier management. The median age of the 

cohort was 7.2 years. Of these, 24 children (32.4%) were female, and 50 (67.6%) were male. 

The most common mechanism of injury was road traffic accidents in 71.6% (53 patients), 

gunshot wounds (GSW) in 9.5% (7 patients), falls in 9.5% (7 patients), non-accidental injury 

(NAI) in 8.1% (6 patients), and crush injury in 1.4% (1 patient).  

In terms of clinical course, decompressive craniectomy was performed in 23% of the 

participants (17 patients), of which approximately half were performed before (8 patients) and 

after (9 patients) initiation of thiopentone infusion.  

Tracheostomies were required in 15 patients (20.3%), with all tracheostomies being 

successfully decannulated and no significant acute or long-term complications. The median 
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duration of thiopentone infusion was 95 hours (3.5 days). The average time to extubation 

following cessation of thiopentone infusion was 5.9 days and the average length of stay in the 

intensive care unit was 14.9 days. The overall mortality rate was 20.3% (15 patients, Table 1). 

Of these, 13 patients died with refractory ICP (6 of them had also had a craniectomy). 

 

 

Table 1. Demographics and Clinical Characteristics of patients who received multi-modality 

monitoring and thiopentone at RCWMCH. 
 

Characteristics Value 

Age* 7.2 (IQR 4.32-

9.53)* 

Sex  

Female 24 (32.4%) 

Male 50 (67.6%) 

Mechanism  

Road accident (passenger) 21 (28.4%) 

Road accident (pedestrian) 32 (43.2%) 

NAI 6 (8.1%) 

GSW 7 (9.5%) 

Fall 7 (9.5%) 

Crush 1 (1.4%) 

Outcome  

Alive 59 (79.7) 

Dead 15 (20.3) 

Decompressive Craniectomy  

None 57 (77%) 

Before 8 (10.8%) 

After 9 (12.2) 

Tracheostomy  

No 59 (79.7) 

Yes 15 (20.3%) 

 
        Abbreviations: NAI - Non-accidental Injury, GSW – Gunshot Wound; *Age in years 
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Physiological Outcomes 

 

The primary outcomes assessed were changes in ICP, MAP, CPP, and PbtO2 before and 

during thiopentone infusion. In total, 20 patients did not have electronic high frequency data 

for either MAP and/or ICP and so manual recordings were used to calculate medians for these. 

In the 12-hour period prior to thiopentone infusion, the median ICP was 17.9 mmHg, compared 

to 13.6 mmHg over the period during the infusion. This represented a significant median 

reduction of 4.3 mmHg (p < .001). All patients had intermittent episodes of ICP greater than 

20mmHg during this period, which prompted the initiation of thiopentone. Similarly, the median 

MAP showed a significant decrease, from 81.5 mmHg (before) to 75.7 mmHg (after) (p < .001), 

with a median reduction of 5.8 mmHg. PbtO2 was measured in 70 of the patients. The median 

PbtO2 showed a modest increase from 26.4 mmHg (before) to 29.4 mmHg during the infusion; 

however, this change was not statistically significant (p = .258). CPP showed a small, non-

significant, median decrease from 62.5mmHg to 61.8mmHg. Slight differences are likely 

accounted for by summarising data per patient. These data are summarized in Table 2 and 

represented graphically in Graphs 1-4. 

 

Table 2. Change in physiological parameters 

 n Median (mmHg) P 

ICP (mmHg)   < .001 

Before 74 17.9  

During 74 13.6  

Change  4.3  

MAP (mmHg)   < .001 

Before 74 81.5  

During 74 75.7  

Change  5.8  

CPP (mmHg)   .104 

Before 74 62.5  

During 74 61.8  

Change  0.7  

PbtO2 (mmHg)   .258 

Before 70 26.4  

During 70 29.4  

Change  3  

 

Table 2. N=74 patients, 4 patients did not have PbtO2 monitoring hence n=70 for PbtO2. Both ICP and MAP showed 

median reductions which were statistically significant; Both CPP decrease and PbtO2 increase were not statistically 

significant. 
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Graph 1. Median ICP before and during thiopentone infusion 

 

 

 

 

 

 

 

 

 

 

 

 

 

Graph 1 – Median reduction in ICP from 17.9mmHg to 13.6mmHg, (p < .001) 

 

Graph 2. Median MAP before and during thiopentone infusion 

 

 

 

 

 

 

 

 

 

 

 

 

Graph 2 – Median reduction in MAP from 81.5mmHg to 75.7mmHg, (p < .001) 
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Graph 3. Median PbtO2 before and during thiopentone infusion 

 

 

 

 

 

 

 

 

 

 

 

 

 

Graph 3 – Median increase in PbtO2 from 26.4mmHg to 29.4mmHg, (p = .258) 

 

Graph 4. Median CPP before and during thiopentone infusion 

 

Graph 4 – Median decrease in CPP from 62.5mmHg to 61.8mmHg, (p = .104) 
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Temporal Analysis 

A temporal analysis of the physiological parameters showed a maximal reduction in ICP over 

the first 2 days of thiopentone infusion, which stabilized within the first 72 hours of treatment. 

A similar pattern was seen for MAP and PbtO2 (Graph 5). 

 

Graph 5. Temporal Profile of Physiological variables on Thiopentone 

 

 

 

 

 

 

 

 

 

 

 

 

 

Correlation Analysis Results 

 

When assessing the relationship that physiological variables had with outcome, only the 

median values before and during thiopentone infusion are detailed as follows. The Man 

Whitney U test revealed that the ICP was significantly lower in patients who survived (Md-

13.8, n=56) than in patients who died (Md=17.3, n=14, U=621 ,Z=3.362) (P<0.00,1 r=0.4). No 

significant association was found between MAP, CPP and PbtO2 on outcome (Graph 6). 
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Graph 6. Man Whitney U test for Intracranial Pressure (ICP) 

The independent t-test confirmed that there were no significant associations with outcome 

for MAP (p=0.1), CPP (p=0.06) and PbtO2 (p=0.07). (Table 3). 

Table 3. Physiological variables in the alive and dead groups 

Physiological 

variable 

Mean 

(Alive) 

Mean 

(Dead) 

Standard 

deviation(SD) 

(Alive) 

Standard 

Deviation 

(Dead) 

Value 

of t 

Significance 

value*p 

Effect 

size 

Cohen’s 

D 

MAP 76 80.6 8.9 11 -1.18 0.1 -0.4

CPP 59 50 19.1 21 1.5 0.06 0.4 

PBt02 29 21 10 17 1.5 0.07 0.5 

*Levene’s test showed the assumptions of homogeneity of variance were met for CPP, and not for MAP/PbtO2, the

table shows results of the independent t-test 
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DISCUSSION 

 

This study is the first large cohort study of thiopentone as a second-tier therapy for intracranial 

hypertension in paediatric TBI and the first to examine corresponding changes in physiological 

variables. Our results demonstrate a significant reduction in ICP and MAP following 

thiopentone administration, but maintenance of CPP and PbtO2. The effect sizes appeared 

most prominent after 48 hours of infusion: ICP (-3.88mmHg), MAP (-5.27mmHg) and PbtO2 

(+6.4mmHg). In summary, the results show that there was a reduction in ICP that was 

adequate in most patients (only 12% of patients proceeded to require decompressive 

craniectomy), that the decrease in blood pressure was mitigated by the non-significant CPP 

and PbtO2 changes, and that overall mortality in a selected cohort of children with severe TBI 

requiring second-tier therapies was acceptable.  

 

In terms of effectiveness, although 9 (12%) of the patients treated with thiopentone still 

required craniectomy, it is important also to note that conversely, 8 patients first had a 

craniectomy which failed to control ICP, necessitating thiopentone therapy thereafter. These 

results are useful to evaluate the relative value of using thiopentone as a second-tier therapy 

in children with TBI, but one would need to consider the impact also on probable increased 

duration of stay in the ICU and possible associated nosocomial infections (not evaluated in 

this study). These would have to be balanced against the complications typically associated 

with decompressive craniectomy. Further, additional analysis might identify patients who are 

more likely to fail thiopentone therapy. 

 

 

Efficacy of Thiopentone vs Pentobarbital in the Management of MRICP 

 

Of the two drugs, thiopentone appears to be somewhat more effective than pentobarbital at 

reducing ICP (10). The breakdown of thiopentone produces five metabolites, one of which is 

pentobarbital, with the remainder being inactive compounds (11). This may explain the slightly 

increased effectiveness of thiopentone in controlling ICP elevation as compared with 

pentobarbital. Significant complications with BCT have been reported, with the most prominent 

being systemic hypotension. Other complications include renal dysfunction, hepatic 

dysfunction, hypokalaemia, respiratory complications and infections (12) 
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Efficacy of Thiopentone in Reducing Intracranial Pressure 

 

ICP was reduced on average by 4.3 mmHg (p<0.001) in patients on a thiopentone infusion. 

This reduction is consistent with previous studies that have demonstrated thiopentone's 

effectiveness in decreasing ICP, likely predominantly suppressing metabolism, decreasing 

metabolic demand, and reducing cerebral blood volume (13-17). Of course, effectiveness at 

ICP reduction is important in children, as in adults, because elevated ICP associates with poor 

neurological outcomes and increased mortality (18). Although the ICP reduction appears 

modest compared to typical ICP reductions after craniectomy, it is likely that this was sufficient 

to control ICP without needing craniectomy in most patients because there were fewer 

episodes of ICP elevated greater than an intervention threshold. As with all therapies, the 

reduction in ICP must be balanced against potential complications, including hypotension and 

other systemic complications (12). There were 13 patients who proceeded to refractory 

increased ICP that led to death, despite being on thiopentone. In 6 of these patients they 

developed refractory increased ICP despite having undergone a craniectomy also; 4 of these 

being after thiopentone had been started. In the remainder, it was likely that craniectomy was 

not considered for futility (on clinical and/or radiological grounds). In total, 9 patients underwent 

craniectomy after thiopentone, 4 of which developed refractory increased ICP despite surgery; 

therefore, the 5 survivors who had craniectomy after thiopentone, plus the 13 patients who 

died with refractory increased ICP, means that thiopentone failed to control increased ICP in 

18 patients (24.3%).  

 

 

Haemodynamic Compromise and Impact on MAP 

 

While thiopentone effectively reduced ICP, it also reduced the MAP by 5.8 mmHg, from a 

median of 81.5 mmHg to 75.7 mmHg (p < 0.001), highlighting the previously reported blood 

pressure lowering effects of barbiturate therapy (6, 12). The balance between ICP control and 

haemodynamic stability is a well-known challenge in the management of severe TBI, given 

that this is a potential limitation of most, if not all sedative strategies. Although the median 

MAP reduction within our patient cohort was significant, the BP remained within clinically 

acceptable ranges for most patients. Thus, in cases where thiopentone use leads to significant 

MAP reduction, additional interventions, such as vasopressors, may be necessary to 

counteract the hypotensive effects while still achieving sufficient ICP control (2, 6, 12). Still, 

unless patients are hypotensive by formal definition, it is the CPP which is likely more 

important as a driver of brain perfusion. In this cohort, the reduction in ICP contributed to the 

maintenance of an adequate CPP; therefore, the reduction in MAP may be less clinically 

relevant. That said, it must be remembered that it is likely that blood pressure was actively 
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maintained at our centre, knowing the potential for thiopentone-induced hypotension, an 

important consideration when extrapolating these results to other centres. 

 

Brain Tissue Oxygenation (PbtO2) 

 

Despite the decreased MAP, the effect on PbtO2 was non-significant (p = 0.258). In fact, the 

median PbtO2 increased slightly (3 mmHg), rising from 26.4 mmHg to 29.4 mmHg. This lack 

of significant change could reflect several factors. First, it is possible that thiopentone’s primary 

mechanism of action (reducing cerebral metabolic demands), may not directly translate into 

improvements in cerebral oxygenation, especially if the underlying pathology involves 

compromised cerebral perfusion or oxygen delivery, although if ICP is a diffusion-limiting factor 

this may be the case. If hyperaemia, for example, is driving increased ICP, then reducing MAP 

and ICP may not lead to improved oxygenation. Second, the heterogeneity of injury severity 

in our cohort may have contributed to the variable responses in PbtO2, with patients 

experiencing different degrees of ischaemic and metabolic injury at baseline. Given the limited 

change in PbtO2, future studies could focus on identifying subsets of paediatric patients with 

severe TBI who are most likely to benefit from thiopentone in terms of both ICP control and 

improvements in brain tissue oxygenation. At an individual level, where brain oxygenation is 

being monitored, the patient’s clinical course can be directly monitored. 

 

 

Outcome 

 

The mortality rate of our patient cohort was 20.3%, which is consistent with previously reported 

overall outcomes in paediatric severe TBI cases (19, 20), despite this being a selected group. 

There are limited data in the literature regarding outcomes after treatment with thiopentone 

specifically. In this it is worth noting that this reflects outcome in a selected group of patients 

with refractory elevated ICP, not a general cohort of patients with severe TBI. One of the 

potential problems with thiopentone is that it may take some time before the sedative effects 

wear off after stopping the drug. Propofol is better in this regard, but is relatively-

contraindicated for this indication in children. Patients remained intubated for almost 6 days 

after cessation of thiopentone. Furthermore, presumably because of the prolonged intubation, 

the tracheostomy rate was 20%. Fortunately, the tracheostomies all  healed well with no major 

adverse complications, but this is an additional factor to consider.  

 

Still, these are complicated patients by definition of the selection criteria. Ideally, their 

complication profile and outcomes should be compared to similar children treated with other 

second-tier therapies. Given the status of the ongoing discussion on this topic in adult TBI, 
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compounded by the difficulty in conducting clinical trials in children, it is uncertain that this will 

be subjected to a randomized controlled trial. It can also be argued that that direct comparison 

may not be worthwhile because ideal candidates for barbiturate therapy may be different from 

those who are ideal for craniectomy. Unfortunately no such clear criteria are published and 

clinical practice varies across different centres. 

 

 

Decompressive Craniectomy 

The timing of decompressive craniectomy, whether performed before or during thiopentone 

infusion, did not have any significant effect on the physiological variables (ICP, MAP, CPP and 

PbtO2), but the numbers are likely too small for meaningful analysis: 8 patients had 

craniectomy before thiopentone (of which 2 died and 6 had ICP control) and 9 patients had 

craniectomy after thiopentone (of which 4 died, 3 with refractory ICP). While decompressive 

craniectomy has been shown to be effective in reducing ICP (21, 22), like any therapy the 

effectiveness at changing a variable of interest must be balanced against the risk of the 

procedure. Compared with thiopentone, it is reasonable to assume that craniectomy would 

likely result in greater reductions in ICP (which may or may not be clinically relevant) and 

possibly shorter stays in ICU. This would have to be balanced against the known risks, 

including the need for further surgery (cranioplasty), wound infection rates (with potential bone 

flap loss), cerebral blood flow changes beneath the craniectomised area, syndrome of the 

‘trephined’, and poor cosmetic results. At our centre, we do not consider this to be an either/or 

decision, but rather a decision about which patients would benefit from either strategy. In this 

regard, practice varies considerably across the world. 

 

Limitations 

This is a retrospective study and so is subject to all the limitations of retrospective work, 

including incomplete data and lack of clarity about indications for interventions, not being 

subject to prospectively defined criteria and depending on potentially variable clinician 

decisions. Although the strength of the study is the availability of high frequency data, this was 

not available in all patients. That said, most studies in the past have used charted data. Some 

discrepancies may result from using both charted and high frequency data, although there did 

not appear to be a significant difference between the groups. Direct comparison could not be 

made with the other commonly employed second-tier therapies such as decompressive 

craniectomy, because of selection differences for the interventions. Finally, we did not have 

data on nosocomial sepsis; however, final outcome measures such as length of stay in ICU 
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and mortality likely reflect the cumulative adverse outcomes and failure of therapy in these 

patients.  

CONCLUSION 

This is the largest study to analyze barbiturate therapy in children with severe TBI. We 

demonstrated a reduction in ICP without significantly compromising CPP and PbtO2. In our 

experience, the risk of haemodynamic compromise was not significant, although this might be 

because of interventions in anticipation of a decrease in blood pressure. Despite this being a 

selected group of patients on second-tier therapies, the mortality rate was acceptable, but in 

about 24% of patients thiopentone did not control increased ICP. Thiopentone use may avoid 

the surgical morbidity of DC, but possibly at the expense of longer duration of ventilation and 

ICU stay. Direct comparison with decompressive craniectomy cannot be made from this data. 

Further research is needed to explore the long-term outcomes and improve selection criteria 

for second-tier therapies in paediatric TBI.  
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APPENDIX A. MANAGEMENT ALGORITHM FOR CHILDREN WITH 

SEVERE TBI (7) 
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APPENDIX B. INSTRUCTIONS FOR AUTHORS 

 

 

CHILD’S NERVOUS SYSTEM ARTICLE SUBMISSION FORMAT: 

Instructions for Authors 

 

 

ORIGINAL RESEARCH ARTICLES 

 

Original research papers report the results of laboratory or clinical studies and they should 

present original observations. The text should be arranged as follows: structured Abstract 

(and up to 4 keywords, excluding terms already present in the title), Introduction, Methods, 

Results, and Discussion. Original articles normally should not exceed 3,000 words, not be 

signed by more than 8 authors, not include more than 6-8 illustrations and tables, while 

references should be limited to 50 (exceptions at the discretion of the Editor in Chief) The 

authors number can exceed 8 in case of multicentre studies. 

Raimondi Award papers: Original research articles meant at competing for the Raimondi 

Award should be accompanied by a specific letter to the Editor. They should be accepted for 

publication at least three months prior to the ISPN Annual Scientific Meeting. 
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APPENDIX D. ABSTRACT ONLY PUBLICATION STATEMENT (INTS) 

 

 

 

Dear Dr Andrew Appiah-Baiden 

 

Please find attached The International Neurotrauma Society (INTS 2024)  slide template should 

you wish to use it in preparation for your talk(s) detailed below.  

Oral Presentations 

Title The Impact of Barbiturate Therapy in Children with Severe TBI 

Paper Reference O006 

Paper Status Accepted for Oral (Top Scoring Abstract) 

Session Details Plenary 2: GCS at 50 

Corn Exchange 

Tuesday, Sep 3, 2024 

9:00 AM - 10:45 AM 

Corn Exchange 

Presentation Time 10:35 AM - 10:45 AM 

Presenting Author Dr Andrew Appiah-Baiden 

 

 

Permission to publish 

Please note: by presenting at INTS 2024 you are agreeing for you abstract(s) to be published in 

a conference supplement of the Journal of Neurotrauma. If you do not wish your abstract(s) to 

be published please email ints2024@opening-doors.org.uk. 

 

 

If you have any queries please don't hesitate to contact us. 

 

We look forward to welcoming you to Cambridge. 

Best wishes 

  

 

Celia and Rose 

INTS 2024 Conference Office 

https://openingdoors.eventsair.com/ints2024/programme
mailto:ints2024@opening-doors.org.uk
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