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INTRODUCTION

Traumatic brain injury (TBI) is a major cause of morbidity and mortality worldwide, especially 
among young people.[1,2 ,4,24] e cornerstone of most treatment strategies is the prevention of 

ABSTRACT
Background: Traumatic brain injury (TBI) is a major cause of morbidity and mortality worldwide. Intracranial 
pressure (ICP) monitoring forms the cornerstone of most severe TBI (sTBI) management guidelines, yet 
treatment practices vary between high income countries (HIC) and low/middle-income countries (LMICs). We 
sought to find the reasons for variation in ICP monitoring and treatment practices between neurosurgeons in 
low- and high-income countries.

Methods: We developed a 34-item anonymous survey questionnaire on ICP monitoring and treatments, which 
was emailed to neurosurgeons of various neurosurgical societies (Africa, Asia, Europe, and North America) who 
manage TBI.

Results: One hundred and six respondents from 23 countries completed the questionnaire. Sixty-nine were 
from Africa, 16 were from North America, 12 were from Western Europe, and 8 were from Asia. About 48.72% 
of respondents from LMICs versus 96.43% from HICs have had training on ICP use. Among practitioners who 
monitor ICP invasively in <50% of patients that need it, 41.6% and 37.5% from LMIC cited availability and cost 
as the major constraints, versus 3.3% and 6.67%, respectively, in HIC. Only 7  (8.97%) from LMIC follow Brain 
Trauma Foundation guidelines all the time compared to 17.86% from HIC. When asked about their knowledge of 
randomized controlled trial(RCT), 78.57% of respondents from HIC versus 11.54% from LMIC knew about RCTs 
that tested the role of ICP monitoring in sTBI.

Conclusion: Significant differences exist in ICP monitoring and treatment in patients with sTBI between high 
and LMICs. Cost and availability are the main determinants of ICP monitor usage. Practice pattern among the 
respondents was not completely supported by evidence.
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secondary brain injuries.[17] Intracranial pressure (ICP) 
monitoring in TBI was developed to mitigate secondary 
brain injury and improve outcomes. Unfortunately, available 
evidence on whether it makes a difference in patients’ 
outcomes has been inconsistent.[19] Consequently, there has 
been substantial variation in the practice of ICP monitoring in 
TBI. Several surveys on ICP monitoring practices for patients 
with severe head injury carried out in Europe and North 
America have shown 50–75% monitoring rates in institutions 
providing neurocritical care. However, recent reviews of 
practice by Piccinini et al. and Talving et  al., revealed that 
compliance with the guidelines for ICP monitoring has been 
very poor, with levels as low as 9.6% in some US centers.[21,26]

While the evidence for recommending ICP monitoring in 
TBI remains shaky, variations in its application differ as one 
moves from one geographic region to another.[3,18,23,25] ere 
are many low-and middle-income countries (LMICs) where 
ICP monitoring is not performed. e potential reasons for 
this include the high cost, lack of experience/training with its 
use, dysfunctional supply chain of monitoring systems and 
catheters and issues around the evidence supporting its use.

In the absence of incontrovertible evidence, ICP treatment 
policies are driven by several factors. Local experiences, 
individual surgeon preferences, and the availability of 
resources are presumed determinants of practice patterns.

In this survey, we sought to find the reasons behind the 
variation in the practice of ICP monitoring and treatment 
among neurosurgeons from LMICs and high-income countries 
(HICs). Although ICP monitoring is considered standard of 
care in most HICs, among practitioners in HICs who don’t 
monitor ICP regularly, the reason was sort. is was compared 
with practice patterns among practitioners from LIMCs.

MATERIALS AND METHODS

An anonymous web-based questionnaire using Survey 
Monkey was developed.

e survey questions were multiple-choice questions about 
ICP monitoring and treatment with five main themes.
1. ICP training/experience
2. Frequency/rate of ICP monitoring
3. ICP-directed treatment thresholds
4. Barriers or perceived barriers to monitoring
5. Knowledge of current evidence on ICP use in TBI.

e survey questionnaires were circulated among a team of 
experts across four continents (Africa, Asia, Europe, and North 
America) who were neurosurgeons with research interests 
in TBI and or neurocritical care. Some of these experts have 
been involved in the development of various TBI guidelines. 
ey made comments and suggestions, which resulted in 
the refinement of the questions to meet the study objectives. 

Several iterations of this process resulted in the removal 
of ambiguity and simplification of the subject. We then 
conducted a Pilot test involving 10 senior TBI experts, and 
their responses were used to make the final draft. An invitation 
to the SurveyMonkey questionnaire [Supplementary Appendix 
I] was e-mailed to members of various Neurosurgical Societies 
who primarily manage TBI. Due to the nature of the study 
instrument, ethical approval was not required.

e first part of the questionnaire was on the demography of 
the respondents. We then asked questions about the training 
and experience with ICP monitoring. In this section, we 
explored to know what informed the use or lack of use of 
ICP in the management of patients with severe TBI (sTBI). 
e next part was on specific therapeutic interventions while 
using ICP monitoring and the various treatment thresholds. 
Finally, we sought to know how much of the respondents’ 
practices were supported by evidence.

Respondents were divided into five geographic regions 
according to where they practiced (Europe, North America, 
Sub-Saharan Africa, North Africa, and Indian Sub-Continent). 
Practitioners were classified whether they were from 
LMIC or HICs using World Bank International Monetary 
Fund classification data. We examined whether there were 
differences between and within geographic regions in the use 
of invasive ICP monitoring in TBI management. Within each 
region, we examined the percentage of centers where invasive 
ICP monitoring was part of their TBI management protocol.

Frequencies and percentages for all variables from responders 
were calculated using descriptive statistics. We examined 
factors associated with invasive ICP monitoring with the 
Chi-square test or Fisher’s exact test as appropriate. P < 0.05 
(two-tailed) was considered statistically significant for all 
tests. Analyses were conducted with IBM Statistical Package 
for the Social Sciences for Windows release 28.

RESULTS

Of the 106 respondents from 23 countries who completed 
the questionnaire, 69 were from Africa, 16 were from North 
America, 12 were from Western Europe, and 8 were from 
Asia. e countries included Nigeria (57), USA (15), Germany 
(5), UK, India (4), South Africa, Egypt, Hong Kong (2), 
Canada, Ethiopia, Italy, Kenya, DRC, Denmark, Cote d’Ivoire, 
Colombia, Morocco, Malawi, Portugal, Indonesia, Sudan, and 
Sri Lanka (1). All but five respondents were consultants with 
neurotrauma practice experience ranging from 1 to >20 years. 
Seventy-seven of the respondents practice in LIMC, while 28 
practice in HIC (World Bank Criteria)[5] [Table 1].

On Invasive ICP monitoring, 48.72% of respondents from 
LMIC versus 96.43% from HIC have had training on how 
to insert a probe and obtain reading (P = 0.00). About 51% 
of surgeons from LMIC have had no form of training on 
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invasive ICP use/insertion, whereas all but one respondent 
has had this training in the HIC group [Figure 1 and Table 2].

In terms of TBI burden, 32% (25) versus 7.14% (2) (P = 0.009) 
of respondents from LMIC versus HIC, respectively, manage 
>300 cases/year. About 15 (20%) of respondents from LMIC 
manage more than 200  cases of sTBI versus 3  (10%) from 
HIC (P = 0.004) [Figure 2].

All respondents from HIC (100%) would monitor ICP 
invasively in patients with sTBI, whereas only 15.38% 

of responders in LMIC would do so (P = 0.00). Among 
practitioners who monitor ICP invasively but who do so in 
<50% of patients that need it, 41.6% from LMIC versus 3.3% 
from HIC (P = 0.00) cited availability of ICP monitors as the 
major constraints, while 37.5% from LMIC versus 3.3% from 
HIC said cost was the reason. Overall, the reason for not using 
invasive ICP monitoring among LMIC versus HIC was cost 
(52.17% vs. 0%), lack of experience (33.7% vs. 0%), concerns 
about complications (6.52% vs. 50%), and it does not make any 
difference (7.61% vs. 50%); P = 0.01 [Figures 3, 4a and b, Table 3].

Table 1: (a) Demography table showing age, sex, position, and years of practice.

Variables (n=106) Countries based on income Total n (%)
Low-income 

countries n (%)
High-income 

countries n (%)

Age (years)
30–40 years 36 (46.15) 8 (28.57) 44 (41.51)
41–50 years 37 (47.44) 6 (21.43) 43 (40.57)
51–60 years 5 (6.41) 9 (32.14) 14 (13.21)
61–70 years 0 (0.0) 5 (17.86) 5 (4.71)

Chi square=29.23; P=0.000002*
Sex

Male 75 (96.15) 24 (85.71) 99 (93.39)
Female 3 (3.85) 4 (14.29) 7 (6.60)

Fisher’s exact P=0.15
Current position

Consultant 73 (93.59) 28 (100.0) 101 (95.28)
Resident 5 (6.41) 0 (0.0) 5 (4.72)

Fisher’s exact P=0.42
Consultant years in practice (n=101)

1–5 years 41 (56.16) 7 (25) 48 (47.52)
6–10 years 21 (28.77) 4 (14.29) 25 (24.75)
11–15 years 7 (9.59) 3 (10.71) 10 (9.9)
16–20 years 2 (2.74) 3 (10.71) 5 (4.95)
>20 years 2 (2.74) 11 (39.29) 13 (12.87)

Chi-square=29.48; P=0.000006*
Resident years in practice (n=5)

4 years 3 (60.0) 0 (0.0) 3 (60.0)
6 years 2 (40.0) 0 (0.0) 2 (40.0)

(b) Demography table showing the continent of practice and type of practice.

Continent of practice
Africa 69 (88.46) 0 (0.0) 69 (65.09)
Asia 8 (10.26) 0 (0.0) 8 (7.55)
Europe 0 (0.0) 12 (42.86) 12 (11.32)
North America 0 (0.0) 16 (57.14) 16 (15.09)
South America 1 (2.8) 0 (0.0) 1 (0.94)

Chi-square=106.0; P≤0.0000001
Type of practice

Public non-academic 
hospital

5 (6.41) 1 (3.57) 6 (5.66)

University Hospital 48 (61.54) 23 (82.14) 71 (66.98)
Private practice 3 (3.85) 2 (7.14) 5 (4.72)
Public and private practice 22 (28.21) 2 (7.14) 24 (22.64)

Chi-square=6.111; P=0.106, *Statistically significant
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eir knowledge of randomized control trials [RCTs] on ICP 
monitoring [Table 4] shows that surgeons who monitor ICP, 
with knowledge of RCTs were 78.5% and 11.54% in HIC and 
LMIC respectively.

e question, which sought whether respondents think they 
follow the Brain Trauma Foundation (BTF) guidelines in the 
management of TBI, also showed a disparity between the 
LMIC and HIC. Only 8.97% from LMIC said that they follow 
BTF guidelines all the time compared to 17.86% from HIC, 
most of the time; 58.97% versus 71.83%, half of the time; 
10.26% versus 10.71%; occasionally; 17.95% versus 0%; and 
never; 3.85% versus 0% (P = 0.09) [Table 5].

While ICP and CPP are considered foundational in 
multimodality neuromonitoring in sTBI; 92.86% versus 
17.95% (P = 0.00) in HIC and LMIC reported measuring 
them all the time. About 3.57% versus 6.41% of respondents 
from HIC and LMIC, respectively, monitor PBt02 all the time 
in patients (P = 0.00). For the pressure reactivity index, it is 
7.14% versus 2.56% (P = 0.2), and for microdialysis, 3.57% 
versus 2.56% (P = 0.11) in HIC and LMIC, respectively.

<50 50-100 101-150 >150
LMIC 32.05 48.72 10.26 8.97
HIC 71.43 17.86 7.14 3.57
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Figure  2: Number of severe traumatic brain injury patients seen 
per year in low-medium-income countries versus high-income 
countries. LMIC: Low-Medium income countries, HIC: High 
income countries.
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Figure  1: Training on intracranial pressure use/insertion in low-
medium-income countries versus high-income countries. LMIC: 
Low-Medium income countries, HIC: High income countries.
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Figure  3: Intracranial pressure insertion rate in low-medium-
income countries versus high-income countries. LMIC: Low-
Medium income countries, HIC: High income countries.

Figure  4: (a) Reason for <50% insertion rate in low-medium-
income countries (LMIC) versus high-income countries (HIC). 
(b) Reasons for not using invasive intracranial pressure monitoring 
in LMC versus HIC.
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e preferred agent of choice as the first line for control of 
ICP was mannitol, 27% versus 20.87% (P = 0.04) among 
LMIC versus HIC, respectively. Second-line ICP control 
measures did not differ significantly between the two 
groups.

DISCUSSION

e BEST TRIP Trial remains the only high-quality evidence 
on the impact of ICP monitoring on sTBI outcome, but the 
results of the trial did not show that routine monitoring 
makes a difference in patients.[7] Yet, the latest BTF treatment 
guidelines make strong recommendations for ICP monitoring 
in sTBI.[13] Dawes et al. showed that the level of compliance 
with BTF guidelines had an insignificant association with 
risk-adjusted outcomes.[9] So, what is the reason behind the 
routine use in most trauma centers? Data or dogma?

e BEST TRIP Trial has been criticized for lacking both 
internal and external validity. Nevertheless, the result of 
the trial should not trump common sense and basic human 
physiology on which ICP monitoring is predicated. Although 
it was a randomized controlled trial (RCT), the trial did not 
factor in differences in pre-hospital care or care after hospital 
discharge in the patient cohort. Unfortunately, it is believed 
that the information was not provided in the article and may 
have confounded the results. e trial has also been criticized 

Table 3: Reasons for not using invasive ICP monitoring in low-medium-income countries versus high-income countries.

Variables (n=94) Countries based on income Total n (%) P-values
Low-income countries n (%) High-income countries n (%)

Concerned about complications 6 (6.52) 1 (50.0) 7 (7.45) 0.026*
Don’t think it makes any difference 7 (7.61) 1 (50.0) 8 (8.51) 0.042*
No experience with it 31 (33.7) 0 (0.0) 31 (32.98) 0.412
It is too expensive to use 48 (52.17) 0 (0.0) 48 (51.06) 0.307
Total 92 (100.0) 2 (100.0) 94 (100.0)
Chi-square=10.82; P=0.01*. *Statistically significant. ICP: Intracranial pressure

Table 5: Do you think you follow the Brain Trauma Foundation 
guidelines when managing TBI?

Variables (n=106) Countries based on income Total 
n (%)Low-income 

countries 
n (%)

High-income 
countrie 

 n (%)

All the time 7 (8.97) 5 (17.86) 12 (11.32)
Most of the time 46 (58.97) 20 (71.43) 66 (62.26)
Half of the time 8 (10.26) 3 (10.71) 11 (10.38)
Occasionally/rarely 14 (17.95) 0 (0.0) 14 (13.21)
Never 3 (3.85) 0 (0) 3 (2.83)
Total 78 (100.0) 28 (100.0) 106 (100.0)
Chi-square=8.06; P=0.09. TBI: Traumatic brain injury

Table 2: Training on ICP use/insertion in low-medium-income countries versus high-income countries.

Variables (n=106) Countries based on income Total n (%) P-values
Low-income countries n (%) High-income countries n (%)

Yes 38 (48.72) 27 (96.43) 65 (61.68) 0.004*
No 40 (51.28) 1 (3.57) 41 (38.32) 0.003*
Total 78 (100.0) 28 (100.0) 106 (100.0)
Chi-square=20.89; P=0.000006. *Statistically significant. ICP: Intracranial pressure

Table 4: Knowledge of RCTs on ICP monitoring in low-medium-income countries versus high-income countries.

Variables (n=106) Countries based on income Total n (%) P-values
Low-income countries n (%) High-income countries n (%)

Yes (those who monitor ICP) 9 (11.54) 22 (78.57) 31 (29.25) 0.000*
Yes (those who don’t monitor ICP) 37 (47.44) 0 (0) 37 (34.90) 0.0002*
No (those who monitor ICP) 3 (3.85) 6 (21.43) 9 (8.49) 0.006*
No (those who don’t monitor ICP) 29 (37.18) 0 (0.0) 29 (27.36) 0.001*
Total 78 (100.0) 28 (100.0) 106 (100.0)
Chi-square=62.85; P≤0.0000001. *Statistically significant. RCTs: Randomized controlled trial, ICP: Intracranial pressure
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for using a composite primary endpoint that had not been 
validated to measure TBI outcomes. e Trial also lacked 
external validity, according to critics, since the results could 
not be compared with results from HICs with advanced 
health-care systems.

Information obtained from invasive ICP monitoring has formed 
the foundation of most modern sTBI management protocols. 
In this survey, we found significant differences in the use of 
ICP monitoring and treatment of intracranial hypertension as 
one moves from one geographical region to another. Within a 
particular geographic region with similar socioeconomic status 
and health-care system, there was no significant difference, but 
as one moves across different socioeconomic regions, practice 
patterns change significantly [Figure 3].

While invasive ICP monitoring has become a routine 
intervention for the management of patients with sTBI 
in advanced healthcare systems, the level of training and 
adoption is significantly lower in lower-income countries. 
Less than half of the respondents from LMIC have had 
training on ICP probe placement and use in the routine 
clinical management of patients with sTBI, whereas almost 
all the respondents in HIC admitted to having been trained 
on ICP use and carrying out ICP monitoring when indicated.

e two main reasons for this difference in monitoring are 
the availability of catheters/probes (supply chain problems) 
and the additional cost of ICP monitoring devices, which 
constitute a major hindrance in most LMIC health-care 
settings. e average cost of an ICP probe is about $500. is 
is a huge amount in most developing countries where lack of 
universal health insurance and out-of-pocket payment makes 
the routine use of ICP monitoring impossible in TBI. For 
example, over 50% of the respondents are from Nigeria, where 
the monthly minimum wage is <$50! Interestingly, it is among 
the low socioeconomic class that the burden of TBI is highest.

Gregson et al.[12] showed in the surgical trial in traumatic 
intracerebral hemorrhage (STITCH-Trauma) that there were 
significant differences in the frequency of ICP monitoring 
in different parts of the world. Of note was that India (4%) 
had the lowest ICP monitoring rate compared with centers in 
Europe (26%), China (21%), and others (19%), even though 
they had the highest number of patients recruited to the trial.

When we considered therapeutic options for ICP control, 
the use of mannitol as the preferred agent for first tier ICP 
control measure was higher in LMIC than in HIC, where 
hypertonic saline was the preferred agent. It is unclear why 
this preference exists. e efficacy of hypertonic saline and 
mannitol in the reduction of raised ICP has been shown in 
several studies.[10,11,22] Data on the superiority of one over 
the other have not been provided. And so, we think that 
preference is largely a result of individual bias, availability, 
and institutional protocols.

ICP thresholds have been a subject of debate among 
neurosurgeons. As an attempt to address this issue, BTF, in 
its 2017 edition recommended a higher threshold for the 
treatment of raised ICP: from 20 to 22 mmHg. To this day, 
physicians who manage TBI all agree that sTBI is complex 
and multidimensional and that a single treatment threshold 
for intracranial hypertension in a “one-cap-fits-all” approach 
is scientifically naïve. We asked what ICP threshold will 
necessitate non-surgical and surgical interventions. More than 
half of respondents from HIC will commence non-surgical 
ICP control measures at 20  mmHg, versus a third from 
LMIC. For surgical intervention, 71.43% of respondents from 
HIC chose an ICP threshold of 25  mmHg, while 50% from 
LMIC chose a threshold of 20 mmHg. While there is yet to 
be a consensus amongst neurosurgeons on the ICP threshold 
that should be attained before decompressive surgery, there 
was a trend toward performing surgery at a lower ICP value 
in LMIC. e reason for performing decompressive surgery 
at a lower ICP value may be related to the additional cost 
in patient management. Anecdotal evidence suggests that 
where monitoring is not routinely done due to cost, it may be 
reasonable to intervene earlier in such settings.

is study also highlights the controversies that exist for 
ICP management thresholds, a subject of several major 
clinical trials in the past two decades. e two largest trials 
to date, the DECRA, and the RESCUEicp Trials, tested the 
effect of surgery at two different thresholds: 20  mmHg 
and 25  mmHg, respectively.[8,15] However the two trials 
while testing the same treatment, differed significantly. 
e DECRA trial aimed to assess the efficacy of early 
craniectomy for moderate intracranial hypertension (ICP, 
>20 mm Hg for 15 min within a 1-h period, continuous or 
cumulative) as a 2nd  tier treatment in patients with diffuse 
TBI. e RESCUEicp trial, on the other hand, assessed the 
effectiveness of decompressive craniectomy offered as a last-
tier treatment. To this end, it is still unclear what ICP values 
should warrant surgical intervention after exhausting all 
possible non-surgical means. Perhaps personalized care in 
sTBI, which integrates patients’ demography, brain imaging, 
brain tissue metabolism derived from energy delivery and 
consumption, as well as ICP “dose” and duration, could be a 
better management metric.[14]

How much of contemporary practice is based on evidence? 
Among respondents who monitored ICP from HIC, 78.57% 
were aware of the existence of a RCT that investigated ICP 
monitoring in sTBI, and 21.43% did not know of any RCT 
that investigated ICP monitoring in sTBI. In the LMIC, only 
11.54% of those who monitored ICP in TBI were aware of 
the existence of an RCT on the use of an ICP monitoring  
in sTBI. For physicians who monitored ICP without the 
knowledge of data supporting it, dogma, common sense, or 
institutional protocols may be responsible for their practices.
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e positive impact of guideline-based management of sTBI 
has been demonstrated by several studies.[6,16,20,26] Yet, <20% 
of respondents from HIC and 10% from LMIC admitted 
that they follow BTF guidelines all the time when managing 
patients with sTBI. Admittedly, several institutions have 
adapted the BTF guidelines to suit the peculiarities of their 
various practice environments. is is supported by the fact 
that nearly a third of respondents who do not follow the BTF 
guidelines have a local institutional guideline they follow.

e variations in ICP treatment practices in sTBI 
demonstrated above are not just due to differences in the 
socioeconomic systems in the practitioners’ country of 
practice, as we have demonstrated in this research. Lack 
of robust scientific data as well as dogma may well be 
contributing factors. It is our view that the present gap in 
scientific evidence offers a veritable opportunity for further 
research on ICP in sTBI.

is study has several strengths. e first is the global spread 
of the respondents, as well as the fact that they represent the 
niche of neurosurgeons who manage TBI in their various 
countries. Furthermore, the design of the questionnaire 
involved experts in TBI who have been involved in 
various guideline development programs at national and 
international levels. We also built a framework around which 
the study questions were formed and had this undergo 
several iterations before the final draft was developed.

A limitation of our study is that we had fewer than expected 
responses from the online circulated questionnaire. e 
responses from LMIC were far more than that from HIC. And 
even among the LMIC, the majority of the responses were from 
sub-Saharan Africa. Consequently, the data obtained might 
be skewed. In addition, this study is dependent on perceived 
practices rather than actual practices. Another limitation is that 
some of the questions were isolated and did not address specific 
combinations as occurs in clinical settings. For example, 
ICP control measures are used in several combinations, and 
so the response might not have reflected true life situations. 
Unfortunately, we did not analyze differences in the various 
therapeutic combinations that are often used in ICP control.

CONCLUSION

Overall, there is wide variation in ICP monitoring practices 
as one moves from one geographic region to another. e 
most significant difference is found between HIC and 
LMIC, underscoring the role of cost as a major driver in 
the adoption of ICP monitoring in sTBI. Among the HIC 
practitioners who do not monitor ICP, lack of convincing 
scientific evidence is the major reason that is being alluded 
to.

With the paucity of scientific evidence and the lack of 
capacity among practitioners in LMIC, there is a need for 

further scientific research as well as global collaboration to 
improve the overall outcome in patients with sTBI.
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