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Abstract

Poor access to neurosurgical equipment is one of the problems limiting service delivery in Africa.
Improvised surgical devices have long been used in Africa as replacements for high-cost standard versions.
In this study, we aimed to see if improvised external ventricular drains (EVD) are being used, how these
devices are made, and what their outcomes are. The PRISMA extension for scoping reviews was used in
conducting this study. A search was conducted from inception to July 2022. PubMed, Ovid Embase, and
African Journal Online were searched. Three studies were identified and used. The methods of making the
EVD devices were compared and the incidence proportions of improvised EVD-related infections were
calculated. The standard ventricular catheter was replaced by cheaper alternatives like a size 6/8 feeding
tube or a 14-gauge central line catheter. The connecting tube had low-cost alternatives, and in a study, was
replaced by a fluid infusion set. Aggregated outcomes from the three identified studies show that just over
half of the sample survived post-EVD insertion (54%). The incidence proportion of EVD-related infections
was 24%. This study describes the experience of African centers with an improvised version of the EVD
devices and their outcomes. This will serve as a baseline for more research into the use of improvised EVD
devices in low-resource settings.

Categories: Neurosurgery
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Introduction And Background

Poor access to neuroimaging, operating microscopes, facilities, and surgical consumables are some of the
problems faced by the already limited number of neurosurgeons in Africa [1,2]. These problems often cause
substantial impairment in the quality of service rendered when compared to developed countries. A recent
study involving neurosurgeons cited poor access to neurosurgical equipment as one of the problems limiting
service delivery in African countries [3]. Improvised surgical devices have long been used in Africa as a
replacement for high-cost standard versions. Thoracostomy, feeding gastrostomy, tourniquet, drains, and
silos are procedures that have utilized improvised materials [4].

External ventricular drains (EVDs) are devices used to aid the removal of cerebrospinal fluid and monitoring
of pressure in patients with raised intracranial pressure [5]. Common indications for its placement include
management of hydrocephalus, intracranial pressure management in traumatic brain injury, and CSF
diversion for collections of CSF or leaks [6-8]. EV drainage involves passing a catheter into the lateral
ventricle and connecting it through a system of tubes to a collection bag at a prescribed height. This can be
performed by drilling a burr hole, which is done in a theater, or with the use of a twist drill and a hollow bolt
done at the bedside [9]. The EVD device is made up of different parts. These include the ventricular catheter,
proximal connecting tube, proximal collecting system/three-way stopcock, connector tube to main EVD
system, stopcock, adjustable EVD set, graduated burette for monitoring CSF flow, another stopcock, a
connecting tube, and a collection bag [10]. Some devices have been modified to also measure intracranial
pressure [11].

The cost of EVD placement has been quoted in literature to range between $1300 and $3200 [12]. The cost of
the kit itself, if placed with a bolt, has been quoted to cost between $303 and $1547 [13]. In Africa, where the
average income is less than $800 and payment is made out-of-pocket due to poor insurance coverage, it is
clear that this device is expensive and not readily available at every institution with supply chain
limitations. There is a need for a low-cost alternative that will be available at most institutions providing
neurosurgery care in Africa. If these devices could be improvised and used in a sterile manner, the quality of
neurosurgical care given in low-resource settings could improve dramatically. It is against this background
that we aimed to examine the existing literature to see if improvised devices are being used and to see how
these devices are made. Furthermore, we aimed to see the outcomes following the insertion of these
improvised devices, in terms of the incidence proportion of EVD-related infections.
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Methodology

The PRISMA extension for scoping reviews was used in conducting this study. Papers that considered
improvised EV drainage systems, their usage, method of construction, and outcomes in African surgical
centers were included in this study. Studies that were not in the English language, from non-African
countries, and studies that did not consider EVD systems were excluded. Reviews, meta-analyses, abstracts,
conference presentations, commentaries, case reports, and letters to the editors were also excluded. To
identify all eligible articles, a search was conducted from inception to July 2022. PubMed, Ovid Embase, and
African Journal Online were searched. The search strategy was jointly devised by the authors and is
summarized in Table 1.

Database MeSH terms/Keywords Hits

("external"[All Fields] OR "externally"[All Fields] OR "externals"[All Fields]) AND ("heart ventricles"[MeSH Terms] OR
("heart"[All Fields] AND "ventricles"[All Fields]) OR "heart ventricles"[All Fields] OR "ventricular"[All Fields] OR

PubMed  "ventricularization"[All Fields] OR "ventricularized"[All Fields]) AND ("drain s"[All Fields] OR "drainage"[MeSH Terms] 2,275
OR "drainage"[All Fields] OR "drain"[All Fields] OR "drained"[All Fields] OR "draining"[All Fields] OR "drains"[All

Fields])
Ovid ) . 1,
External Ventricular Drain.mp
Embase 658
African
Journal ‘External ventricular drain’ 41
Online

TABLE 1: Search strategy.

The final search results were exported into Mendeley where duplicates were detected and removed after
scrutiny. The deduplicated file was then exported into Rayyan.ai (a systematic review software where the
rest of the screening took place). To ensure consistency, two authors screened each article at every stage.
Where conflicts were apparent, they were resolved through consensus. Titles and abstracts were screened
first, with emphasis on articles that specified EVD in African countries, while a full-text screening followed
with a critical appraisal of the type of EVD used. Relevant data were extracted from the identified studies.
The data included: the name of the study, year of publication, demographics, the country of study, the type
of improvised EVD used, the way the improvised EVD was constructed, the indications for use, and the
outcomes in terms of survival, and infection. Although the purpose of this study was to review the available
literature on this topic, we conducted a limited meta-analysis of proportions to determine the combined
incidence proportion of improvised EVD-related infections. A random-effects model was utilized to account
for the heterogeneity of the studies, and it was carried out with the MetaXL add-on for Microsoft Excel with
the use of a double arcsine transformation. We calculated the incidence proportion with a 95% confidence
interval.

Results

The review and selection process is presented in the PRISMA flow diagram in Figure 1.
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Study
Kammoun et al., 2018 [14]
Ojo et al., 2015 [15]

Wondafrash and Tirsit, 2021 [16]

[ Identification of studies via databases and registers

Records identified from:
Databases (n = 3974)
PubMed [n = 2275]
Ovid Embase [n = 1658]
AJOL [n = 41]

Identification

Records removed before
screening:
Duplicate records removed (n
=1128)
Records marked as ineligible
by automation tools (n = 0)
Records removed for other
reasons (n = 0)

Y
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(n=2846)

Records excluded**
(n = 2836)

A 4

Reports sought for retrieval

(n=10)
I

Screening

Reports not retrieved
(n=0)

Reports assessed for eligibility
(n=10)

\ 4
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Case report(n=1)
Case series (n=1)
Did not describe method of
EVD insertion and/or
outcomes (n = 5)

Studies included in review
(n=3)

Reports of included studies
(n=3)

[ Included ] [

FIGURE 1: Prisma flowchart.

EVD: external ventricular drain; AJOL: African Journal Online.

The flowchart has been designed by Dr. Damilola Jesuyajolu.

After the full-text screening of 10 manuscripts, seven studies were excluded. Reasons for exclusion included:
a case report (1), case series (1), and not reporting the type/construction/outcome of the improvised EVD
device (5). Three studies were identified and used [14-16]. The studies were conducted within the last decade
and were from three different African countries (Nigeria, Tunisia, and Ethiopia). The studies involved 154
people from adult and pediatric populations. The summary of the study characteristics is seen in Table 2.

Year Country

2018 Tunisia Mixed
2015 Nigeria Pediatric
2021 Ethiopia Mixed

TABLE 2: Study characteristics.

NA: not available

Population

No of patients %Male
33 NA

28 67.9%
93 55%

The comparison of the designs of the low-cost improvised EVDs can be seen in Tables 3-4.
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Study EVD catheter Connecting Proximal collecting system/ Connector tube to primary
tube three-way stopcock EVD system
Kammoun et al., 2018 Connector
14-gauge central catheter 3-way stopcock Foley catheter
[14] tube
Coiled
Kammoun et al X
14-gauge central catheter connector NA Redon tubing
.,2018 [14]
tube
. Sizes 6 or 8 (French 1V fluid L X
Ojo et al., 2015 [15] . . . NA 1V fluid infusion set
gauge) feeding tube infusion set
Wondafrash and Tirsit No. 6/8 sterile pediatric
Connector NA NA

2021 [16] feeding tube

TABLE 3: Parts of the proximal part of a standard EVD compared with low-cost alternatives used
in some African centers.

EVD: external ventricular drain; IV: intravenous fluid; NA: not available

Distal collecting . Graduated burette for measuring
Adjustable EVD set for pressure . i
Study system/three-way i CSF outflow (with outflow stopcock  Collection bag
measurement (or alternative) )
stopcock and outflow tubing)
Kammoun et Graduated sterile
Manual reference measurement i i i i
al., 2018 NA Graduated sterile urimeter (plastic part) urimeter (attached
from the EAM .
[14] collection bag)
Kammoun et Transfusion drip chamber placed Devacuumed
al., 2018 NA against a flat transparent ruler all Devacuumed graduated Redon bottle graduated Redon
[14] hung from a drip stand bottle
Ojo et al., Manual reference measurement X X X Graduated sterile
A Graduated sterile urine collection bag i .
2015 [15] from the EAM urine collection bag
Wondafrash
. Manual reference measurement i X i Graduated sterile
and Tirsit, NA Graduated sterile urine collection bag i .
2021 [16] from the EAM urine collection bag

TABLE 4: Parts of the distal part of a standard EVD compared with low-cost alternatives used in
some African centers.

EVD: external ventricular drain; CSF: cerebrospinal fluid; EAM: external auditory meatus

The standard EVD design can be seen in Figure 2.
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2. Connecting tube
3. Proximal collecting
system/ three-way
stopcock
4, Connecting tube to
main EVD system
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FIGURE 2: A schematic of the standard EVD device.

EVD: external ventricular drain.

The figure has been drawn by Dr. Damilola Jesuyajolu.

The standard ventricular catheter was replaced by cheaper alternatives (a size 6/8 feeding tube or a 14-gauge
central line catheter). This ventricular catheter was then manually connected to a connecting tube. The
connecting tube had low-cost alternatives, and in the case of Ojo et al., was replaced by a fluid infusion set
[15]. This formed the proximal part of the EVD device. The choice of the connecting tube that connects the
graduated chamber to the primary EVD system varied between studies, with Kammoun et al. using
alternatives like a manually redesigned Foley catheter or Redon tubing [14]. Setting the pressure involved a
manual reference measurement done from the external auditory meatus (EAM). In one of the model designs
reported by Kammoun et al., a repurposed blood transfusion drip chamber was placed against a transparent
ruler mimicking the standard pressure measurement in a traditional EVD device [14].

Low-cost replacements for the graduated burette for measuring CSF outflow included a basic urine
collection bag and a slightly more advanced urimeter bag. A standard urimeter bag has a measuring chamber
that can be opened to let CSF flow into a collection bag. None of the improvised devices had provision for a
distal stop cock. In Wondafrash and Tirsit’s study, posterior fossa tumors accounted for 46.2% of the
indications for improvised EVD placement followed by supra-tentorial tumors (20.4%) and other indications
like cerebellar stroke and/or hemorrhage [16]. Ojo et al. had similar indications [15]. The study reported
indications that included: posterior fossa tumors (for surgery), hydrocephalus with hemorrhagic CSF
(23.3%), ventriculitis with associated hydrocephalus, infected CSF (30%), and stroke with associated
intraventricular hemorrhage + intracerebral hemorrhage. Aggregated outcomes from the three identified
studies show that just over half of the sample survived post-EVD insertion (54%). The combined incidence
proportion of EVD-related infections was 24%.

Discussion

We have been able to describe the low-cost alternatives to the standard EVD that are being used in African
countries. We have also described the methods by which these devices are made while comparing them to
the different parts of the standard EVD device. With the use of feeding tubes, infusion sets, urimeters, and
catheter bags, functional low-cost EVD sets can be created. Our study, however, quotes infection rates as
high as 24%. This figure is significantly higher than figures quoted in literature from centers in first-world
countries that utilized standard EVD devices. These ranged between 3 and 10% [17-21]. The reason for the
high infection rates may be related to the design of the improvised drains themselves. The surgeons often
have to cut and repurpose other devices to fit the purpose of the improvised drains and this process may
serve as a source of microbial contamination. Furthermore, these devices are not antibiotic-impregnated
and lack filters which serve as barriers to colonization and infection. Although the EVD-related infection
rate is significant, the absence of an EVD insertion, which is often the alternative, will likely increase the risk
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of mortality as these drains are inserted as life-saving interventions.

To the best of our knowledge, there has been no comprehensive review study looking at the use of
improvised EVDs in Africa. The implications of these findings are critical for global neurosurgical care. With
appropriate dissemination of the knowledge of how to make low-cost EVDs in low-resource settings,
neurosurgical care can be effectively improved at a minimal cost. Rather than wait for EVD devices given as
donations, or burden the patients with searching for EVD devices to buy as a result of a lack of supply from
the hospitals, surgeons can easily utilize these devices that are readily available to them. Furthermore, there
is a paucity of neurosurgeons in certain parts of Africa, and general surgeons and non-physicians are already
being trained to deliver emergency neurosurgical services [22-25]. Incorporating the knowledge of making
improvised external ventricular devices will go a long way to improving service delivery.

Although the benefits of these devices are obvious, there are still unanswered questions that require further
studies, and areas to work on to reduce the rates of infection. Standard EVDs are often antibiotic-
impregnated, which helps to prevent infection [26]. These improvised EVDs are plain, and research needs to
be done to see how these low-resource alternatives can be improved in terms of infection control such as
with antibiotic-impregnated EVD catheters. Retrieving CSF samples from standard EVD drains can be easily
achieved with the use of stopcocks and sterile outlets; however, improvised devices do not have this luxury.
Improvements need to be made in this regard. Despite the disadvantages of the improvised devices, the
benefits are remarkable, considering the alternative of no intervention and the high associated risk of death.
As these devices are used more frequently, and more reports are published, there will be an improvement in
the quality and concurrent reduction in the associated complications. Finally, in this scoping review, we
have identified a gap in the literature concerning this subject. There is a likelihood that more of these
devices are being used in African countries but the outcomes and experiences have not been published. More
must be done to ensure that data surrounding the use of these devices are published.

Despite our attempt at a comprehensive review, we had some limitations. In our review, we excluded articles
that were not in the English language, which could have prevented us from including potentially relevant
articles. There was a remarkable paucity of published studies, which in turn led to small sample size. The
examined studies were not exhaustive, as we were not able to extensively investigate the factors that could
be responsible for EVD-related infections. The paucity of data from these studies did not allow us to perform
extensive statistical analysis, which could have further improved this study. Although we wanted to report
our findings from the African perspective, limiting our findings to the continent may have limited the
number of eligible studies available to us. The next step would be to expand our study to include other low-
and low-middle-income countries as the body of literature on this subject grows. At the moment, this
finding would be a significant addition to the existing literature.

Conclusions

This study describes the experience of African centers with an improvised version of the EVD devices and
their outcomes. It highlights how these devices are made. Although there has been a success with their use,
the infection rate in this study was 24%. This will serve as a baseline for more research into the use of
improvised EVD devices in low-resource settings, and a discussion as to how improvements can be made.

Additional Information
Disclosures

Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References

1. Mukhopadhyay S, Punchak M, Rattani A, et al.: The global neurosurgical workforce: a mixed-methods
assessment of density and growth. ] Neurosurg. 2019, 130:1142-8. 10.3171/2018.10.JNS171723

2. Fuller A, Tran T, Muhumuza M, Haglund MM: Building neurosurgical capacity in low and middle income
countries. eNeurologicalSci. 2016, 3:1-6. 10.1016/j.ensci.2015.10.003

3. Karekezi C, El Khamlichi A, El Ouahabi A, et al.: The impact of African-trained neurosurgeons on sub-
Saharan Africa. Neurosurg Focus. 2020, 48:E4. 10.3171/2019.12.FOCUS19853

4. Adejumo AA, Adeosun OA, Omoregie PO, Alayande B: Improvisation of surgical equipment in the surgical
services of a developing country. Niger | Surg Res. 2016, 17:48-52. 10.4103/1595-1103.194217

5. Hepburn-Smith M, Dynkevich I, Spektor M, Lord A, Czeisler B, Lewis A: Establishment of an external
ventricular drain best practice guideline: the quest for a comprehensive, universal standard for external
ventricular drain care. ] Neurosci Nurs. 2016, 48:54-65. 10.1097/]NN.0000000000000174

6. Chen T, RenY, Wang C, et al.: Risk factors for hydrocephalus following fourth ventricle tumor surgery: a
retrospective analysis of 121 patients. PLoS One. 2020, 15:e0241853. 10.1371/journal.pone.0241853

7. Tavakoli S, Peitz G, Ares W, Hafeez S, Grandhi R: Complications of invasive intracranial pressure monitoring

2022 Jesuyajolu et al. Cureus 14(9): €28748. DOI 10.7759/cureus.28748 60f7


https://dx.doi.org/10.3171/2018.10.JNS171723
https://dx.doi.org/10.3171/2018.10.JNS171723
https://dx.doi.org/10.1016/j.ensci.2015.10.003
https://dx.doi.org/10.1016/j.ensci.2015.10.003
https://dx.doi.org/10.3171/2019.12.FOCUS19853
https://dx.doi.org/10.3171/2019.12.FOCUS19853
https://dx.doi.org/10.4103/1595-1103.194217
https://dx.doi.org/10.4103/1595-1103.194217
https://dx.doi.org/10.1097/JNN.0000000000000174
https://dx.doi.org/10.1097/JNN.0000000000000174
https://dx.doi.org/10.1371/journal.pone.0241853
https://dx.doi.org/10.1371/journal.pone.0241853
https://dx.doi.org/10.3171/2017.8.FOCUS17450

Cureus

10.

11.

12.

13.

14.

19.

20.

21.

22.

23.

24.

25.

26.

devices in neurocritical care. Neurosurg Focus. 2017, 43:E6. 10.5171/2017.8.FOCUS17450

Basaldella L, Marton E, Fiorindi A, Scarpa B, Badreddine H, Longatti P: External ventricular drainage alone
versus endoscopic surgery for severe intraventricular hemorrhage: a comparative retrospective analysis on
outcome and shunt dependency. Neurosurg Focus. 2012, 32:E4. 10.3171/2012.1.FOCUS11349

Bergdal O, Springborg JB, Holst AV, Hauerberg J, Way S, Breum P, Romner B: Accuracy of tunnelated vs.
bolt-connected external ventricular drains. Clin Neurol Neurosurg. 2013, 115:1972-5.
10.1016/j.clineuro.2013.05.026

Anatomy of an External Ventricular Drain. (2021). Accessed: July 24, 2022:
https://criticalcarenow.com/anatomy-of-an-external-ventricular-drain/.

Liu X, Zimmermann LL, Ho N, Vespa P, Liao X, Hu X: Evaluation of a new catheter for simultaneous
intracranial pressure monitoring and cerebral spinal fluid drainage: a pilot study. Neurocrit Care. 2019,
30:617-25. 10.1007/512028-018-0648-z

Aten Q, Killeffer J, Seaver C, Reier L: Causes, complications, and costs associated with external ventricular
drainage catheter obstruction. World Neurosurg. 2020, 134:501-6. 10.1016/j.wneu.2019.10.105

Roach ], Gaastra B, Bulters D, Shtaya A: Safety, accuracy, and cost effectiveness of bedside bolt external
ventricular drains (EVDs) in comparison with tunneled EVDs inserted in theaters. World Neurosurg. 2019,
125:e473-8. 10.1016/j.wneu.2019.01.106

Kammoun B, Kolsi F, Borni M, et al.: Applicability, safety, and cost-effectiveness of improvised external
ventricular drainage: an observational study of Tunisian neurosurgery inpatients. World Neurosurg. 2018,
119:428-36. 10.1016/j.wneu.2018.07.261

Ojo OA, Asha MA, Bankole OB, Kanu OO: Improvised external ventricular drain in neurosurgery: a Nigerian
tertiary hospital experience. | Neurosci Rural Pract. 2015, 6:304-8. 10.4103/0976-3147.158743

Wondafrash M, Tirsit A: Prevalence of ventriculostomy related infections and associated factors in low
income setup. Ethiop ] Health Sci. 2021, 31:1257-66. 10.4314/ejhs.v31i6.22

Sweid A, Weinberg JH, Abbas R, et al.: Predictors of ventriculostomy infection in a large single-center
cohort. ] Neurosurg. 2020, 134:1218-25. 10.3171/2020.2.JNS192051

Jamjoom AA, Joannides AJ, Poon MT, et al.: Prospective, multicentre study of external ventricular drainage-
related infections in the UK and Ireland. ] Neurol Neurosurg Psychiatry. 2018, 89:120-6. 10.1136/jnnp-2017-
316415

Walek KW, Leary OP, Sastry R, Asaad WF, Walsh JM, Horoho J, Mermel LA: Risk factors and outcomes
associated with external ventricular drain infections. Infect Control Hosp Epidemiol. 2022, 1-8.
10.1017/ice.2022.23

Bota DP, Lefranc F, Vilallobos HR, Brimioulle S, Vincent JL: Ventriculostomy-related infections in critically
ill patients: a 6-year experience. ] Neurosurg. 2005, 103:468-72. 10.3171/jns.2005.103.3.0468

Ramanan M, Lipman ], Shorr A, Shankar A: A meta-analysis of ventriculostomy-associated cerebrospinal
fluid infections. BMC Infect Dis. 2015, 15:3. 10.1186/s12879-014-0712-z

El Khamlichi A: African neurosurgery: current situation, priorities, and needs. Neurosurgery. 2001, 48:1344-
7.10.1097/00006123-200106000-00034

El Khamlichi A: African neurosurgery part II: current state and future prospects . Surg Neurol. 1998, 49:342-
7. 10.1016/s0090-3019(96)00423-5

Park BE: The African experience: a proposal to address the lack of access to neurosurgery in rural sub-
Saharan Africa. World Neurosurg. 2010, 73:276-9. 10.1016/j.wneu.2010.02.016

Burton A: Training non-physicians as neurosurgeons in sub-Saharan Africa . Lancet Neurol. 2017, 16:684-5.
10.1016/S1474-4422(17)30246-6

Cui Z, Wang B, Zhong Z, Sun Y, Sun Q, Yang G, Bian L: Impact of antibiotic- and silver-impregnated
external ventricular drains on the risk of infections: A systematic review and meta-analysis. Am | Infect
Control. 2015, 43:e23-32. 10.1016/j.ajic.2015.03.015

2022 Jesuyajolu et al. Cureus 14(9): €28748. DOI 10.7759/cureus.28748

7of7


https://dx.doi.org/10.3171/2017.8.FOCUS17450
https://dx.doi.org/10.3171/2012.1.FOCUS11349
https://dx.doi.org/10.3171/2012.1.FOCUS11349
https://dx.doi.org/10.1016/j.clineuro.2013.05.026
https://dx.doi.org/10.1016/j.clineuro.2013.05.026
https://criticalcarenow.com/anatomy-of-an-external-ventricular-drain/
https://criticalcarenow.com/anatomy-of-an-external-ventricular-drain/
https://dx.doi.org/10.1007/s12028-018-0648-z
https://dx.doi.org/10.1007/s12028-018-0648-z
https://dx.doi.org/10.1016/j.wneu.2019.10.105
https://dx.doi.org/10.1016/j.wneu.2019.10.105
https://dx.doi.org/10.1016/j.wneu.2019.01.106
https://dx.doi.org/10.1016/j.wneu.2019.01.106
https://dx.doi.org/10.1016/j.wneu.2018.07.261
https://dx.doi.org/10.1016/j.wneu.2018.07.261
https://dx.doi.org/10.4103/0976-3147.158743
https://dx.doi.org/10.4103/0976-3147.158743
https://dx.doi.org/10.4314/ejhs.v31i6.22
https://dx.doi.org/10.4314/ejhs.v31i6.22
https://dx.doi.org/10.3171/2020.2.JNS192051
https://dx.doi.org/10.3171/2020.2.JNS192051
https://dx.doi.org/10.1136/jnnp-2017-316415
https://dx.doi.org/10.1136/jnnp-2017-316415
https://dx.doi.org/10.1017/ice.2022.23
https://dx.doi.org/10.1017/ice.2022.23
https://dx.doi.org/10.3171/jns.2005.103.3.0468
https://dx.doi.org/10.3171/jns.2005.103.3.0468
https://dx.doi.org/10.1186/s12879-014-0712-z
https://dx.doi.org/10.1186/s12879-014-0712-z
https://dx.doi.org/10.1097/00006123-200106000-00034
https://dx.doi.org/10.1097/00006123-200106000-00034
https://dx.doi.org/10.1016/s0090-3019(96)00423-5
https://dx.doi.org/10.1016/s0090-3019(96)00423-5
https://dx.doi.org/10.1016/j.wneu.2010.02.016
https://dx.doi.org/10.1016/j.wneu.2010.02.016
https://dx.doi.org/10.1016/S1474-4422(17)30246-6
https://dx.doi.org/10.1016/S1474-4422(17)30246-6
https://dx.doi.org/10.1016/j.ajic.2015.03.015
https://dx.doi.org/10.1016/j.ajic.2015.03.015

	A Scoping Review of the Use of Improvised External Ventricular Drains in Africa
	Abstract
	Introduction And Background
	Review
	Methodology
	TABLE 1: Search strategy.

	Results
	FIGURE 1: Prisma flowchart.
	TABLE 2: Study characteristics.
	TABLE 3: Parts of the proximal part of a standard EVD compared with low-cost alternatives used in some African centers.
	TABLE 4: Parts of the distal part of a standard EVD compared with low-cost alternatives used in some African centers.
	FIGURE 2: A schematic of the standard EVD device.

	Discussion

	Conclusions
	Additional Information
	Disclosures

	References


