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Nancy Margarita Rehatta, Merlin Guntur Jaya, Corinne Prawira Putri, Ricardo Adrian Nugraha, Dana
Hendrawan Putra, Imran Harsam Kamal, Nabila Ananda Kloping, Taufan Adityawardhana, Michael Jona-

tan, Yudhistira Pradnyan Kloping

Abstract

Objective: To evaluate the accuracy of ultraso-
nography to assess the increase of intracranial
pressure by assessing optic nerve sheath diame-
ter (ONSD) and transcranial Doppler (TCD),
consisting of the black box (BB) model, arterial
diastolic flow velocity (FVd), critical closing
pressure (CrCp), and pulsatility index (PI) as
parameters, in adult traumatic brain injury
(TBI) patients.

Methods: A systematic search through the elec-
tronic databases including Medline through
PubMed and Embase for studies evaluating the
use of optic nerve and TCD USG to evaluate
increased intracranial pressure (ICP) compared
with the invasive method. Quality Assessment of
Diagnostic Accuracy Studies (QUADAS-2) tool
was used to assess the risk of bias.

Results: Ten studies consisting of 727 patients
were included in this study. The overall pooled
sensitivity and specificity for the prediction of
elevated ICP by measuring ONSD were 94%
(95% CI: 89%-97%) and 88% (95% CI: 81%-
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95%), respectively. Positive and negative likeli-
hood ratios were 12.7 (95% CI: 6.6-25.3;
Cochran Q-statistic =14.6; p=0.04) and 0.06
(95% CI: 0.03-0.10; Cochran Q-statistic =14.1;
p=0.05), respectively. All I* values were >0.50.
The area under the receiver operating charac-
teristic (ROC) curve was 0.92 (95% CI: 0.81-
0.98) as shown in the summary ROC (sROC)
plot. A meta-analysis could not be performed
for the TCD subgroup due to several incomplete
sensitivity and specificity data and differences
in the evaluated parameters. Four studies eval-
uated the role of TCD with mixed results. In one
study, averaging the parameters of TCD dis-
played favorable results.

Conclusion: ONSD can be used as a parameter
to evaluate the increase of ICP in TBI patients.
BB model, FVd, and CrCp are potential prom-
ising parameters of TCD ultrasonography for
noninvasive ICP estimation as opposed to PI.
However, more studies with complete accuracy
results are required in the future.

Introduction

Traumatic brain injury (TBI) is defined as a blunt
force to the head or penetrating head injury that
disrupts the normal function of the brain. It occurs
when the head hits an object or when an object
pierces the skull and damages the brain tissue. (1)
The secondary insult from traumatic brain injury
results in an elevated intracranial pressure (ICP),
leading to a reduced cerebral perfusion pressure
(CPP) at any given mean arterial pressure (MAP).
Although the critical parameter for brain function
and survival is an adequate cerebral blood flow
(CBF) to meet cerebral demand, CBF is relatively
difficult to quantitate compared to ICP. However,
CBF depends on CPP, which is related to ICP,
therefore making ICP monitoring as the mainstay
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evaluation in TBI patients. (2) TBI is a major prob-
lem worldwide, affecting sixty-nine million indi-
viduals worldwide every year. The TBIs caused by
road traffic accidents is by proportion highest in
Africa and Southeast Asia (both 56%) and lowest
in North America (25%). (3) In Indonesia, the
number of injuries causing disability from 2007
until 2018 increases continuously, with head injury
being the third most common after lower and upper
extremity trauma. Drivers (72.7%) and passengers
(19.2%) of motorcycle ranks the two first victims
of road traffic accidents. The compliance to wear
helmets itself is still fairly low, with some never
wearing helmets at all (23.9%) and most only oc-
casionally (42.4%), (4) even though helmet usage
has been proven to prevent worse intracranial
complications and functional deficits. (5) The out-
come of the patients is usually worsened due to the
elevation of ICP as a secondary insult to TBI. (6) It
is possible to reduce morbidity or mortality by di-
agnosing signs of secondary insults as early as pos-
sible. The current gold standard to measure ICP is
by utilizing invasive intracranial devices. Howev-
er, the method is invasive and not widely available
in every health care centre. Other alternatives like
computed tomography (CT) scan and magnetic
resonance imaging (MRI), albeit less invasive, are
expensive and require additional expertise that may
not be present in rural areas. (7) Performing physi-
cal examination to evaluate signs of elevated ICP
is subjective and not always reliable. (8) One of the
proposed alternative diagnostic modalities that
have been suggested in previous studies is ultraso-
nography (USG). The method is less invasive,
widely available, and cheaper compared to the cur-
rent golden standard of diagnosis. (9) A systematic
review of optic nerve sheath diameter (ONSD) ul-
trasonography (USG) for detection of raised intra-
cranial pressure have been published, however, this
review did not take other possible parameters of
non-invasive evaluation using USG that could be
assessed, such as the black box (BB) model, arteri-
al diastolic flow velocity (FVd), critical closing
pressure (CrCp), and pulsatility index (PI), all of
which are measured using transcranial Doppler
(TCD) ultrasonography with each respective for-
mula. (10) In this updated systematic review, we
evaluate the accuracy of ultrasonography to assess
the increase of intracranial pressure by assessing
ONSD and TCD evaluation in adult TBI patients.

Methods

The conduction of this systematic review was per-
formed according to the Preferred Reporting Items
for Systematic Reviews and Meta-Analysis of Di-
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agnostic Test Accuracy (PRISMA-DTA). The pro-
tocol of this systematic review was registered in
PROSPERO with the ID number:
CRD42020184714.

Search Strategy

We performed a comprehensive literature search
through the electronic databases including Medline
through PubMed and Embase in April 2020. The
following keywords were used: “brain injuries”
OR “traumatic brain injury”, AND “ultrasonogra-
phy” OR “USG” AND “intracranial hypertension”
OR “intracranial pressure” OR “raised intracranial
pressure” AND “diagnosis” OR “sensitivity” OR
“specificity” OR “predictive value” OR “likeli-
hood ratio” OR “false positive” OR “true positive”.
There were no any language or other restrictions
during the search. The study search and selection
were independently performed and cross-checked
by 6 reviewers to ensure eligibility. Any disagree-
ments were resolved by a discussion between the
reviewers. A search flow diagram displaying the
amount of literatures screened and included were
shown in Figure 1.

Eligibility criteria

Quality Assessment of Diagnostic Accuracy Stud-
ies (QUADAS-2) tool was used to assess to the
risk of bias and applicability concern of the stud-
ies. (11) The quality of each study is assessed in-
dependently by six investigators. Studies were
considered eligible if they met the following crite-
ria: 1) Prospective or retrospective study design, 2)
The subjects were adult TBI patients, 3) ONSD
measurement using USG or TCD was used for
evaluation, 4) Invasive method evaluating ICP was
used as a comparator, and 5) The outcome of the
study was elevated ICP evaluation.

Statistical analysis

All studies were included based on the eligibility
criteria and assessed manually for duplication.
Quantitative synthesis or meta-analysis were used
for studies with adequate results of sensitivity,
specificity, receiver operating characteristic (ROC)
curve and area under the curve (AUC).The sensi-
tivity of the findings was defined as the probability
that the index test results would be positive in a
diseased case, whereas specificity was defined as
the probability that the index test would be nega-
tive in a non-diseased case. The sensitivity and
specificity findings would be displayed in a forest
plot with each confidence interval (CI) respective-
ly. Summary ROC (sROC) plot was used to dis-
play the results of each study in ROC space, de-
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picting the scatter of the results. (12) The meta-
analysis was performed using statistical software
Review Manager (Revman) 5.3 by Cochrane Col-
laboration.

Results

Overview of literature search

Our search strategy identified 1028 studies, 10 of
which were selected for further evaluation on the
basis of inclusion criteria and content as shown in
Figure 1. We excluded review articles, study in
children, and studies that did not fit our methodo-
logic criteria. All studies were conducted in the
Emergency Departments or in hospital wards or in
the Intensive Care Unit (ICU).

Characteristics and eligibility of selected studies

In this systematic review we evaluated several pa-
rameters to measure intracranial pressure: ONSD
and TCD which consists of several parameters.
Table 1 displays the main characteristics of eligi-
ble studies. Overall, there were 727 adults across
the ten studies. The average age of the samples was
35 years (range: 21-80 years) and 62% of them
were male. One study was conducted in multiple
centers and the remaining were single-center stud-
ies. Six studies were conducted in Europe and four
studies were conducted in Asia. The quality of
most of the studies included in this meta-analysis
was high based on the risk of bias assessment us-
ing the QUADAS tool as shown in Figure 2. All
studies described their selection criteria with suffi-
cient detail and conducted ICP monitoring imme-
diately after ultrasound was obtained. One study
used the same radiologist to read both the ICP and
ultrasound. Seven studies assessed ultrasound re-
sults independently and were blinded to ICP re-
sults. Ultrasound techniques were described in suf-
ficient detail in each of these studies. Sonographers
were not blinded to clinical data. Unfortunately,
we were unable to perform a meta-analysis of TCD
ultrasonography ICP evaluation due to multiple
evaluated parameters of TCD that varied between
studies. There were also incomplete data of sensi-
tivity, specificity, and AUC from some studies.

Optic nerve sheath diameter meta-analysis

The overall pooled sensitivity and specificity
shown in Figure 2 for the prediction of elevated
ICP were 94% (95% CI: 89%-97%) and 88% (95%
CI: 81%-95%), respectively. Positive and negative
likelihood ratios were 12.7 (95% CIL: 6.625.3;
Cochran Q-statistic =14.6; p=0.04) and 0.06 (95%
CI: 0.03-0.10; Cochran Q-statistic =14.1; p=0.05),
respectively. All I* values were >0.50. The area
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under the receiver operating characteristic curve
was 0.92 (95% CI: 0.81-0.98) as shown in the
sROC plot in Figure 3, indicating that ONSD was
considered an outstanding diagnostic test to predict
elevated ICP.

TCD ultrasonography qualitative synthesis

A total of four included studies attempted to utilize
TCD ultrasonography as a non-invasive ICP esti-
mator, three of which were conducted by Cardim,
et al and the other one was conducted by Martin, et
al. (13-16) Due to several incomplete sensitivity
and specificity data and evaluated parameter dif-
ferences among the included studies, a meta-
analysis could not be performed for the TCD sub-
group.

The first study prospectively collected 40 TBI pa-
tients to be evaluated. (13) The TCD methods used
in this study were: BB model, FVd, CrCp, and PI.
In the BB model, the intracranial compartment was
examined as though it were a black-box system.
Arterial blood pressure (ABP) was considered as
an input signal to the compartment, whereas the
ICP was considered as an output signal. Both ABP
and ICP were managed by hemodynamic parame-
ters, displaying flow velocity patterns. The output
data was displayed as a full waveform measured in
mmHg. The estimation of ICP was generated using
a plugin specifically developed for ICM+ software.
The second method was based on the formula de-
scribed by Czosnyka, et al, which measured cere-
bral perfusion pressure (CPP) followed by non-
invasive ICP (nICP). TCD was able to evaluate
non-quantitative measurements cerebral blood flow
(CBF), which could be monitored using blood flow
velocity. Specific patterns of TCD waveform indi-
cated insufficient cerebral perfusion due to a de-
crease in CPP. In this occurrence, there was a dias-
tolic flow velocity drop with an unchanged systolic
flow velocity. In this method, by measuring the
blood flow velocity of middle cerebral artery
(MCA), FVd could be used for CPP estimation and
eventually ICP. CPP was calculated as MAP x
FVd/mean flow velocity (FVm) + 14 mmHg, and
ICP was estimated as the difference between MAP
and CPP (nICP=MAP-CPP). (17) The CrCp meth-
od was similar to the FVd method, in which it cal-
culated ICP based on CPP. Based on the Burton’s
model, CrCp was equal to the sum of ICP and vas-
cular wall tension. The method indicated ABP
threshold which was the limit where the brain mi-
crovascular blood pressure was unable to prevent
the cessation of blood flow. The association with
wall tension was able to provide information re-
garding the cerebral hemodynamics state of certain
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neurological problems. (17) The PI method ex-
plained changes in the morphology of TCD wave-
form due to cerebral vascular resistance changes,
both quantitatively and qualitatively. It was calcu-
lated from the difference of systolic flow velocity
(FVs) and FVd divided by FVm. This method was
based on the observation that during the elevation
of ICP, PI also increased. (18) All non-invasive
evaluation using TCD was compared with an inva-
sive ICP monitoring using an intraparenchymal
probe. In the first study, Pearson correlation,
Bland-Altman analysis, and ROC analysis for an
ICP threshold of 17 mmHg were used to analyze
the results. BB model, FVd, and CrCp methods
showed moderate (R=0.39, 0.39, 0.35, respective-
ly), but significant correlation (p<0.05) with meas-
ured ICP. However, PI had an insignificant corre-
lation with measured ICP (p>0.05). Based on the
Bland-Altman analysis, the BB model, PI, and
CrCp had low bias compared to the FVd-based
method. However, out of the evaluated parameters
in the study, FVd had the best predictor value
(AUC=0.70) compared to BB (AUC=0.66), CrCP
(AUC=0.64), and PI (AUC=0.43). Analyzing each
parameter independently showed that BB had the
strongest relationship with measured ICP as a
number, in which the average value of ICP was
assessed during a single session, out of the four
methods. The bias was close to zero and the 95%
CI for prediction was small. The AUC result of BB
was deemed reasonable with significant asymptotic
probabilities for ROC analysis, indicating the
model’s ability to identify differences between
normal and high ICP results. Both FVd and CrCp
displayed biases significantly different from zero.
CrCp also did not show significant asymptotic
probabilities for AUC. Based on the 95% CI, FVd
had the largest prediction error, whereas CrCp had
the smallest. PI was considered to be a did not dis-
play any consistent statistical parameter to estimate
ICP as to correlation with mean values, CI, and
AUC. This study also averaged the best estimation
for ICP as a number by combining the results from
BB, FVd, and CrCp. PI was excluded from the
combination as it did not yield any improvements
in the estimation. In comparison to a single meth-
od, the new estimator was potentially more reliable
since it took advantage of a multiple set of inputs.
The study claimed that despite the limitation of
TCD-based ICP methods, they may have a poten-
tial as an assessment tool in diagnosing intracranial
hypertension in TBI patients. The best estimator
out of the four methods were the BB model. Both
FVd and CrCp indicated intermediate accuracy,
while PI displayed a good correlation in time do-
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main during variations of ICP. They suggested that
a new method consisting of combining the average
results of BB, FVd, CrCp would demonstrate a
better statistical indicator to evaluate ICP.

The second study analyzed the same four parame-
ters from the first study. Thirty-six adult TBI pa-
tients were analyzed retrospectively. (14) TCD
monitoring was used to identify plateau waves of
the patients, which were identified as spontaneous
and sudden increases of ICP. Several noninvasive
methods evaluated in this study were similar to the
first study. The results in this study were divided
into correlations in time, correlations between the
ICP differences of the invasive and non-invasive
methods, and ROC analysis. The correlations in
time, representing the ability of a non-invasive
method to replicate relative changes found in a
direct ICP over time, showed good results among
all methods (R>0.60). Significant correlations of
the difference between the non-invasive and inva-
sive ICP were shown by CrCp and BB model as
opposed to PI and FVd. The best AUC value for
predicting intracranial hypertension (ICP>35
mmHg) was displayed by PI, compared to other
parameters, albeit they still presented reasonable
prediction abilities (AUC>0.70). Both CrCp and PI
showed null values for negative predictive value
and specificity, which showed that there was an
underestimation of real pressure observed. All
methods showed adequate positive predictive val-
ues (65, 69, 58, and 58% for BB, FVd, CrCp, and
PI, respectively). The study was, however, limited
by the use of radial artery ABP, which was zeroed
at the level of the heart instead of the intracranial
compartment.

In the third study, a total of 100 TBI patients were
included. (15) Two experienced operators per-
formed the TCD examination with a duplex USG
machine to reduce interoperator variability. The
method used in the study was the FVd-derived
formula by Czonyka, et al. The findings in this
study suggested that TCD-derived FVd was inade-
quate to accurately assess ICP noninvasively
(AUC=0.345; 95% CI: 0.231-0.459) with 0% sen-
sitivity and 74.4% specificity. Bland-Altman anal-
ysis comparing the invasive and non-invasive
method showed that there were no any improve-
ments in the subgroup comparisons. This study
concluded that TCD-derived FVd should be used
with caution and further studies were required to
confirm the results.

The fourth study, conducted by Martin, et al evalu-
ated PI as a predictor for elevated ICP in TBI pa-
tients. (16) Unlike the study done by Cardim, et al,
this study only recruited severe TBI patients and
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further divided into two categories, patients with
early high intracranial pressure (EHICP+) and pa-
tients without early high intracranial pressure
(EHICP-). The results showed that PI didn’t corre-
late with EHICP+ patients. Using maximal PI as a
predictor for the occurrence of early high intracra-
nial pressure (EHICP) after severe TBI was unfea-
sible (AUC=0.67, 95% CI: 0.52-0.81). This study
claimed that early invasive monitoring of ICP still
remained the best severe TBI-related outcome im-
provement strategy, however, further studies are
still needed to confirm these results.

Discussion

Current types of commonly used ICP monitoring
methods include intraventricular catheter (IVC),
intraparenchymal monitor, subarachnoid screw
(bolt), subdural catheter, and epidural catheter.
These invasive methods, with IVC being the most
invasive and accurate, are not without risks and
complications, as with any other surgical proce-
dures. Complications include infection, haemor-
rhage, malfunction or obstruction, and malposition.
(19) Moreover, the method is expensive and not
available in health centers with limited facilities.
However, there are multiple promising methods of
assessing ICP elevation non-invasively that are
heavily being studied. We believe that currently
there is yet to be a non-invasive ICP monitoring
that could fully replace ICP monitoring. Neverthe-
less, non-invasive methods have a potential role in
centers where invasive methods could not be per-
formed. This is common in developing countries,
especially in Indonesia where the number of rural
hospitals with limited facilities are higher than ter-
tiary hospitals. (20) In this systematic review, we
discovered that studies attempting to evaluate non-
invasive methods in determining increased ICP
mainly utilized USG to measure ONSD and TCD
to measure flow velocity using several methods.

ONSD to evaluate elevated ICP

This meta-analysis showed that ONSD measure-
ment is capable to predict elevated ICP in adult
TBI patients due to its high sensitivity and speci-
ficity as shown in Figure 3. The sROC plot in
Figure 4 also indicates excellent diagnostic values
based on the AUC (0.92, 95% CI: 0.81-0.98). This
study showed that ONSD can be used to predict
elevated ICP, not just in TBI cases, but potentially
in other disorders involving ICP elevation. ONSD
has important clinical implications in patients with
elevated ICP. Both the optic nerve and its sheath
are cylindrical structures. The optic nerve is a
white matter tract of the brain, also known as cra-
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nial nerve II. (18) The optic nerve sheath is the
extension of the meningeal sheaths of the central
nervous system, composed of dura mater, arach-
noid mater, and pia mater, respectively from out-
ward to inward. Thus, the optic nerve sheath also
has subarachnoid space, in which the cerebrospinal
fluid located. Hence, an clevation of intracranial
pressure, therefore, will be directly transmitted to
the subarachnoid space (SAS) surrounding the op-
tic nerve and contained within its dural sheath, cre-
ating an enlargement in the optic nerve sheath di-
ameter. (21) The results of this study have im-
portant clinical implication in neuro emergency
care management. In previous studies, ONSD al-
ready proven to be independently associated with
mortality and severity in neurology cases, such as
traumatic brain injury and cerebrovascular acci-
dents. (22) In one study, it is estimated that in each
I mm increment in ONSD was associated with
two-fold increment of hospital mortality. (23)
Thus, early detection and continued monitoring of
ICP is crucial to alleviate secondary injuries relat-
ed to elevated ICP. There are multiple meta-
analysis and systematic review publications re-
garding the use of ONSD to estimate ICP non-
invasively. Robba, et al discovered the potential
use of ONSD measured using USG for assessing
intracranial hypertension when invasive alterna-
tives are not available. (10) Evaluating studies fo-
cusing on adult TBI patients, Lee, et al claimed
that measurement of the ONSD may be useful for
predicting raised ICP. (24) Koziarz, et al per-
formed a systematic review and meta-analysis
which concluded that a normal sheath diameter
measurement has a high sensitivity and a low nega-
tive likelihood ratio, whereas an elevated meas-
urement, characterized by a high specificity and
positive likelihood ratio, may indicate increased
intracranial pressure. However, there is still a need
for additional confirmatory tests. (25) A meta-
analysis by Kim, et al concluded that ONSD can be
used to rapidly detect ICP in adults. (26) The re-
sults of these previous reviews are similar to the
findings in this study’s meta-analysis.

TCD USG to evaluate elevated ICP

Even though both techniques utilized USG to eval-
uate ICP increase, TCD differs from ONSD as it
allows for continuous monitoring of ICP overtime.
TCD is fast, safe, and available in most centers.
(15) However, even the use of TCD to evaluate
ICP is still insufficiently investigated, even though
many formulas have been created to estimate ICP
using TCD. (14) Results from current studies are
inconsistent and none seem to be adequate to re-
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replace the invasive method. (15) Cardim, et al
attempted to evaluate four different methods de-
rived from TCD to assess ICP. They concluded
that both FVd, BB, and CrCp have a potential, as
opposed to PI, which was deemed unreliable. (13)
Another study also discovered the weak correlation
between PI and ICP. (27) A strong relation be-
tween PI and ICP was found in a prospective study
investigating the relationship between ICP and
TCD-derived PI in 67 patients with traumatic brain
injury and 14 others with neurosurgical disorders
by Bellner, et al. (28) The author suggested that the
TCD-derived PI could be used as a guidance and
as a tool in patients in neurointensive care. How-
ever, the findings were affected by external factors
like MAP and the partial pressure of carbon diox-
ide (PaCQO2). (29) The black box model was shown
to be the best statistically as it showed the most
consistent indicators for ICP prediction in the
study by Cardim, et al. (13) To analyze the rela-
tionship and constant changes between the ABP
flow velocity and ICP using the BB model, a dedi-
cated software analysis is needed. (14) Even
though the model has promising results to be used
as a TCD parameter, it may not be applicable as a
fast and easier alternative for physicians in limited
centers to evaluate elevated ICP in TBI patients
compared to other simpler methods. Multiple stud-
ies by Cardim, et al also found FVd-derived TCD
to be promising. (13-15) As ICP elevates and cere-
bral perfusion pressure (CPP) correspondingly de-
creases, reductions of TCD flow velocity are ob-
tained. Continuous elevations of ICP result first a
decrease then followed by loss of diastolic flow,
progression to an isolated systolic flow, and even-
tually to a fluctuating flow pattern in TCD wave-
form, which indicates the onset of intracranial cir-
culatory arrest. (13) This method uses diastolic
flow velocity for the estimation of CPP based on
waveform analysis of blood flow velocity of MCA.
In the first study by Cardim, et al, FVd was shown
to have the best AUC value compared to other
evaluated methods. (13) They performed another
study in 2019 focusing on FVd alone, resulting
differently. The findings suggested that TCD-
derived FVd was insufficiently accurate to assess
ICP noninvasively and should be used with cau-
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tion. (15) CrCp demonstrated moderate but signifi-
cant correlation with measured ICP in the study by
Cardim, et al. (13) In the study also performed by
Cardim, et al in 2017, it was discovered that CrCp,
along with BB, had a better correlation to represent
the non-invasive and invasive ICP differences. (14)
Based on these varying results among the different
methods, a new method based on averaging these
parameters would be more promising to push TCD
as a non-invasive replacement to evaluate ICP.

(13)

Study limitations

The findings from the TCD-derived methods from
multiple different publications vary in results. Ad-
ditionally, the limited number of studies and sever-
al incomplete data hindered the possibility of per-
forming a quantitative synthesis through meta-
analysis. An updated systematic review and meta-
analysis are needed in the future to determine the
accuracy of the TCD-derived methods.

Conclusion

ONSD can be used as a parameter to evaluate the
increase of ICP in TBI patients. BB model, FVd,
and CrCp are potentially promising parameters of
TCD ultrasonography for noninvasive ICP estima-
tion as opposed to PI. However, more studies with
complete accuracy results are required in the future
to draw a conclusion from a meta-analysis as con-
clusions from the current available studies differ
from one another with each method’s respective
superiorities and weaknesses.
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Table 1. Included studies’ characteristics

Study Year |Studytype |Diagnostic |Sample |Sensitivity | Specificity | AUC/AUROC
subgroup
Amini (8) 2013 | Prospective |ONSD 222 0.964 0.953 0.95
Maissan (30) 2015 | Prospective |ONSD 18 0.94 0.98 0.99
Cardim (13) 2016 |Prospective |TCD 40 N/A N/A BB: 0.66
Fvd: 0.70
CrCp: 0.64
PI: 0.43
Avg: 0.73
Cardim (14) 2017 |Retrospective | TCD 36 N/A N/A BB: 0.82
Fvd: 0.77
CrCp: 0.79
PI: 0.81
Raftiz (31) 2017 |Prospective |ONSD 41 ONSD ONSD ONSD: 0.964
5.22 mm: |5.22 mm:
0.944, 0.905,
547 mm: |5.47 mm:
0.944 0.952
Robba (32) 2017 |Prospective |ONSD 64 0.866 0.826 0.91
Martin (16) 2019 |Prospective |PI, ONSD |54 PI: 100% [N/A PI: 0.67
ONSD: ONSD: 0.73
100%
Jie Du (33) 2019 |Prospective |ONSD 52 0.80 0.793 0.87
Munawar (34) 2019 | Prospective |ONSD 100 0.94 0.96 N/A
Cardim (15) 2019 |Prospective |FVd 100 0.00 0.744 0.345
Legend: ONSD=optic nerve sheath diameter; TCD=transcranial Doppler; BB=black box model;

FVd=diastolic flow velocity; CrCp=critical closing pressure; PI=pulsatility index; Avg=average; N/A=not
available.
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Figure 1. Flow diagram
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Figure 2. QUADAS-2 tool assessment of the included studies
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Figure 3. Sensitivity and specificity forest plot of the included studies evaluating ONSD

Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% Cl)  Sensitivity (95% Cl)  Specificity (95% Cl)
Afshin 2013 28 9 1 184  087[0.82,1.00]  0.95[0.91,0.98] —=u -
Chiara 2017 26 6 4 28  087[0.69,086  0.82([0.65, 093] —a —a
Du 2019 22 5 6 19  0.79(059,082]  0.79[0.58,0.93] —a— —a—
Iscander2015 15 0 1 2  0.04[0.70,1.00]  1.00[0.16,1.00] —s —=
Kamran 2019 47 2 3 43  004[0.83,099]  0.96[0.86,1.00] —= —=
Martin 2019 32 6 0 16  1.00[0.89,1.00]  0.73[0.50,0.89] —a —a—
Raffiz 2016 17 1 1 22 094[073,1.00] 0960781000, , . ——® o o A —=
0020406081 0020406081

Legend: ONSD= ONSD=optic nerve sheath diameter.

Figure 4. Summary ROC plot of the included studies evaluating ONSD

1

e
Y

q

0.9+

0.8+

0.7+

=
=)
)

=

2
I
t

Sensitivity

0.4+

03+

0.2+

01+ e

1 Il

Il

Il

05 0.4

Specificity

0.6

Il
T

0.3

T

0.2

T

01 0

Legend: ROC=receiver operating characteristic; ONSD=optic nerve sheath diameter; O=nerve ultrasound;
1=Afshin 2013; 2=Chiara 2017; 3=Du 2019; 4=Iscander 2015; 5=Raffiz 2016; 6=Martin 2019; 7=Kamran
2019.

Crit Care Shock 2020 Vol. 23 No. 6 307



References

10.

11.

308

Faul M, Xu L, Wald MM, Coronado VG.
Traumatic Brain Injury in the United States:
Emergency Department Visits, Hospitaliza-
tions and Deaths 2002-2006. Atlanta (GA):
Centers for Disease Control and Prevention,
National Center for Injury Prevention and
Control; 2010.

Greenberg MS. Handbook of Neurosurgery.
7th ed. New York: Thieme; 2010.

Dewan MC, Rattani A, Gupta S, Baticulon RE,
Hung Y-C, Punchak M, et al. Estimating the
global incidence of traumatic brain injury. J
Neurosurg 2019;130:1080-97.

Badan  penelitan  dan  pengembangan
kesehatan, Kementerian Keschatan RI. Riset
Kesehatan Dasar (Riskesdas) 2010. Jakarta:
Kementerian Kesehatan RI; 2010.

Gupta S, Klaric K, Sam N, Din V, Juschkewitz
T, Iv V, et al. Impact of helmet use on traumat-
ic brain injury from road traffic accidents in
Cambodia. Traffic Inj Prev 2018;19:66-70.
Vahedi K, Hofmeijer J, Juettler E, Vicaut E,
George B, Algra A, et al. Early decompressive
surgery in malignant infarction of the middle
cerebral artery: a pooled analysis of three ran-
domised controlled trials. The Lancet Neurol
2007;6:215-22.

Sankhyan N, Vykunta Raju KN, Sharma S,
Gulati S. Management of raised intracranial
pressure. Indian J Pediatr 2010;77:1409-16.
Amini A, Eghtesadi R, Feizi AM, Mansouri B,
Kariman H, Dolatabadi AA, et al. Sonographic
optic nerve sheath diameter as a screening tool
for detection of elevated intracranial pressure.
Emerg (Tehran) 2013;1:15-9.

Antonelli M, Azoulay E, Bonten M, Chastre J,
Citerio G, Conti G, et al. Year in review in in-
tensive care medicine, 2008: [. Brain injury
and neurology, renal failure and endocrinolo-
gy, metabolism and nutrition, sepsis, infections
and pneumonia. Intensive Care Med 2008;35:
30-44.

Robba C, Santori G, Czosnyka M, Corradi F,
Bragazzi N, Padayachy L, et al. Optic nerve
sheath diameter measured sonographically as
non-invasive estimator of intracranial pressure:
a systematic review and meta-analysis. Inten-
sive Care Med 2018;44:1284-94.

Whiting PF, Rutjes AW, Westwood ME, Mal-
lett S, Deeks JJ, Reitsma JB, et al. QUADAS-
2: a revised tool for the quality assessment of
diagnostic accuracy studies. Ann Intern Med

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

2011;155:529-36.

Deeks JJ, Bossuyt PM, Gatsonis C. Cochrane
Handbook for Systematic Reviews of Diagnos-
tic Test Accuracy Version 1.0 [Internet]. The
Cochrane Collaboration; 2010. Chapter 10,
Analysing and Presenting Results. [cited 2020
Mar 23]. Available from:
https://methods.cochrane.org/sites/methods.coc
hrane.org.sdt/files/public/uploads/Chapter%20

10%20-%20Version%201.0.pdf

Cardim D, Robba C, Donnelly J, Bohdanowicz
M, Schmidt B, Damian M, et al. Prospective
study on noninvasive assessment of intracrani-
al pressure in traumatic brain-injured patients:
comparison of four methods. J Neurotrauma
2016;33:792-802.

Cardim D, Schmidt B, Robba C, Donnelly J,
Puppo C, Czosnyka M, et al. Transcranial
Doppler monitoring of intracranial pressure
plateau waves. Neurocrit Care 2017;26:330-8.

Cardim D, Robba C, Czosnyka M, Savo D,
Mazeraud A, laquaniello C, et al. Noninvasive
Intracranial Pressure Estimation With Tran-
scranial Doppler: A Prospective Observational
Study. J Neurosurg Anesthesiol 2020;32:349-
53.

Martin M, Lobo D, Bitot V, Couffin S, Esca-
lard S, Mounier R, et al. Prediction of early in-
tracranial hypertension after severe traumatic
brain injury: a prospective study. World Neu-
rosurg 2019;127:¢1242-8.

Varsos GV, Kolias AG, Smielewski P, Brady
KM, Varsos VG, Hutchinson PJ, et al. A non-
invasive estimation of cerebral perfusion pres-
sure using critical closing pressure. J Neuro-
surg 2015;123:638-48.

Smith AM, Czyz CN. Neuroanatomy, Cranial
Nerve 2 (Optic). Treasure Island (FL):
StatPearls Publishing; 2020 [cited 2020 Apr 5].
Available from:
https://www.ncbi.nlm.nih.gov/books/NBK507

907/

Kristiansson H, Nissborg E, Bartek J Jr, An-
dresen M, Reinstrup P, Romner B. Measuring
elevated intracranial pressure through noninva-
sive methods: a review of the literature. J Neu-
rosurg Anesthesiol 2013;25:372-85.

Khan MN, Shallwani H, Khan MU, Shamim
MS. Noninvasive monitoring intracranial pres-
sure—a review of available modalities. Surg
Neurol Int 2017;8:51.

Kimberly HH, Noble VE. Using MRI of the

Crit Care Shock 2020 Vol. 23 No. 6



22.

23.

24.

25.

26.

27.

28.

optic nerve sheath to detect elevated intracra-
nial pressure. Crit Care 2008;12:1-2.

Long B, Koyfman A. Secondary gains: ad-
vances in neurotrauma management. Emerg
Med Clin North Am 2018;36:107-33.

Sekhon MS, Griesdale DE, Robba C,
McGlashan N, Needham E, Walland K, et al.
Optic nerve sheath diameter on computed to-
mography is correlated with simultaneously
measured intracranial pressure in patients with
severe traumatic brain injury. Intensive Care
Med 2014;40:1267-74.

Lee SH, Kim HS, Yun SJ. Optic nerve sheath
diameter measurement for predicting raised in-
tracranial pressure in adult patients with severe
traumatic brain injury: A meta-analysis. J Crit
Care 2020;56:182-7.

Koziarz A, Sne N, Kegel F, Nath S, Badhiwala
JH, Nassiri F, et al. Bedside optic nerve ultra-
sonography for diagnosing increased intracra-
nial pressure: a systematic review and meta-
analysis. Ann Intern Med 2019;171:896-905.
Kim S-E, Hong EP, Kim HC, Lee SU, Jeon JP.
Ultrasonographic optic nerve sheath diameter
to detect increased intracranial pressure in
adults: a meta-analysis. Acta Radiol 2019;60:
221-9.

Zweifel C, Czosnyka M, Carrera E, de Riva N,
Pickard JD, Smielewski P. Reliability of the
blood flow velocity pulsatility index for as-
sessment of intracranial and cerebral perfusion
pressures in head-injured patients. Neurosur-
gery 2012;71:853-61.

Bellner J, Romner B, Reinstrup P, Kristiansson
KA, Ryding E, Brandt L. Transcranial Doppler

Crit Care Shock 2020 Vol. 23 No. 6

29.

30.

31.

32.

33.

34.

sonography pulsatility index (PI) reflects intra-
cranial pressure (ICP). Surg Neurol 2004;62:
45-51.

de Riva N, Budohoski KP, Smielewski P,
Kasprowicz M, Zweifel C, Steiner LA, et al.
Transcranial Doppler pulsatility index: what it
is and what it isn’t. Neurocrit Care 2012;17:
58-66.

Maissan IM, Dirven PJAC, Haitsma IK, Hoeks
SE, Gommers D, Stolker RJ. Ultrasonographic
measured optic nerve sheath diameter as an ac-
curate and quick monitor for changes in intra-
cranial pressure. J Neurosurg 2015;123:743-7.
Raffiz M, Abdullah JM. Optic nerve sheath
diameter measurement: a means of detecting
raised ICP in adult traumatic and non-trau-
matic neurosurgical patients. Am J Emerg Med
2017;35:150-3.

Robba C, Cardim D, Tajsic T, Pietersen J,
Bulman M, Donnelly J, et al. Ultrasound non-
invasive measurement of intracranial pressure
in neurointensive care: a prospective observa-
tional study. PLoS Med 2017;14:¢1002356.

Du J, Deng Y, Li H, Qiao S, Yu M, Xu Q, et
al. Ratio of optic nerve sheath diameter to eye-
ball transverse diameter by ultrasound can pre-
dict intracranial hypertension in traumatic
brain injury patients: a prospective study. Neu-
rocrit Care 2020;32:478-85.

Munawar K, Khan MT, Hussain SW, Qadeer
A, Shad ZS, Bano S, et al. Optic nerve sheath
diameter correlation with elevated intracranial
pressure determined via ultrasound. Cureus
2019;11:e4145.

309



	
	
	
	
	
	
	
	
	
	
	
	

