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Abstract

Background: Considering the role of Intracranial Pressure Amplitude [AMP(ICP)] in evaluating the rate of craniospinal compliance
(CC) and intracranial pressure (ICP) and in estimating the degree of brain damage, the aim of the present study was to evaluate the
correlation of AMP(ICP) with the degree of brain damage in patients with traumatic brain injury (TBI).
Methods: Thirty-four patients were enrolled in the present study. Patients underwent intraventricular ICP monitoring. During the
first 24 hours, AMP(ICP) was recorded every hour, and its total mean was calculated. Correlation of AMP(ICP) and Glasgow outcome
scale (GOS) was analyzed.
Results: There was a negative correlation between mean AMP(ICP) within 24 hours and GOS values on the first, third, and sixth
month (r = -0.476, -0.563, and -0.627, respectively).
Conclusions: The findings of the present study suggest that AMP(ICP) index can determine GOS in patients with TBI.
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1. Background

Traumatic brain injury (TBI), which stands for trau-
matic brain injury, is a leading cause of death worldwide
(1, 2). Factors, such as metabolic problems, cerebrovas-
cular abnormalities, brain herniation, and increased in-
tracranial pressure (ICP) can give rise to secondary injury
after TBI (3). Increased ICP is present in 50% of TBI patients
with space occupying lesions and 33% of those with dif-
fuse brain injury (4). Increased ICP has a direct correla-
tion with prognosis of TBI patients and is amongst the five
most important factors of mortality in TBI (4). Further-
more, without ICP monitoring, prophylactic treatment of
ICP has risks, such as prolonged hyperventilation, which
worsens outcome (5). Total intracranial volume includes
cerebrospinal fluid (CSF), cerebral blood volume (CBV),
and parenchyma and there is a balance between them. Any
changes in this balance can increase ICP, which in turn re-
sults in CBF decrease, neuronal damage, and brain hernia-
tion (6, 7). With this in mind, it is important to evaluate any

possibility of ICP increase in patients with TBI. To date, vari-
ous ICP compartments, such as P1 and P2 curves, have been
assessed in the prognosis of future ICP; however, none of
them showed satisfactory prognostic results (8, 9). Pulse
amplitude of ICP [AMP(ICP)] is defined as the difference be-
tween minimum and maximum ICP per pulse rate (9-11)
(Figure 1).

Furthermore, AMP(ICP) has a direct correlation with ar-
terial pulse pressure and cerebrovascular capacity; how-
ever, it is inversely correlated with craniospinal compli-
ance (CC), defined by intracranial volume increase that
does not lead to increased ICP (12-14). Even with a normal
ICP, if there is increased AMP(ICP) (along with decreased
CC), there may be a future risk of increased ICP. It has been
demonstrated that AMP(ICP) is correlated with ICP (10, 13).
Glasgow coma scale (GCS) (15), and Glasgow outcome scale
(GOS) (16) are associated with ICP (3, 4). Nonetheless, cor-
relation of AMP(ICP) with GCS and GOS in patients with TBI
is a less divulged topic. Thus, in the present study, the aim
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Figure 1. Intracranial pressure waveform reflecting three peaks; P1 (correlated with
the arterial pulse); P2 (related to the cerebral compliance); P3 (correlated to aortic
valve closure)

was to test the hypothesis of correlation of AMP(ICP) with
GOS in these patients.

2. Methods

2.1. Study Design

The present diagnostic study was approved by the
Ethics Committee of Guilan University of Medical Sciences
(ethics’ code: ir.gums.rec.1395.233).

2.2. Study Population

In Poursina Hospital, School of Medicine, Guilan Uni-
versity of Medical Sciences, Guilan, Iran, TBI patients with
GCS < 8 are routinely monitored for ICP. The inclusion cri-
teria were being a TBI patient monitored for ICP and refer-
ring to Poursina Hospital from 2015 to 2017. The exclusion
criteria were dilated or non-reactive pupils, spinal cord in-
jury, space occupying lesions, cardiac arrest, and unstable
vital signs.

2.3. Intervention

Under general anesthesia, a ventricular catheter
(medtronic external drainage) was placed in the lateral
ventricle guided with a Ghajar tripod (17). The catheter
with a three-way stopcock was connected to a bag col-
lecting CSF drainage to reduce ICP. The catheter was also
connected to a pressure monitoring device to show ICP,
non-continuously.

2.4. Data Gathering

In the present study, ICP value of below 12 was consid-
ered as favorable. The AMP(ICP) was recorded as the dif-
ference between minimum and maximum ICP per pulse

Table 1. Summary of Information of the TBI Patients

Variable No. (%) Mean ± SD

Gender

Male 31 (91.2) -

Female 3 (8.8)

Age, years

< 20 5 (14.7) -

21 – 30 12 (35.3) -

31 - 40 7 (20.6) -

41 – 50 4 (11.8) -

> 50 6 (17.6) -

Trauma

Car accident 14 (41.2) -

Motorcycle accident 12 (35.3) -

Pedestrian 8 (23.5) -

Length of hospitalization in ICU (day) - 11.14 ± 5.58

Length of hospitalization (day) - 16.94 ±8.14

Length of ICP monitoring (hour) - 35.64 ± 25.79

rate. During the first 24 hours, AMP(ICP) was recorded ev-
ery hour, and its total mean was calculated.

If the patient underwent craniotomy during this pe-
riod, the AMP(ICP) mean before surgery would be calcu-
lated. Ultimately, mortality, morbidity, and GOS at dis-
charge, was recorded and thereafter were reexamined at
the first-, third-, and sixth-month follow-ups. The ICP mon-
itoring, GCS, and GOS calculations were carried out by a se-
nior neurosurgery resident.

2.5. Statistical Analysis:

Spearman correlation coefficient was calculated using
GOS and AMP(ICP) by the SPSS (version 19) software.

3. Results

A total of 34 patients were enrolled in the study. Mean
± SD of age of the patients was 34.97± 14.13 years, ranging
from 16 to 64 years. The ICU stay duration ranged from 3 to
30 days. Hospitalization duration ranged from 5 to 50 days.
The mean ± SD of duration of ICP monitoring was 35.64 ±
25.79 hours, ranging from 24 to 120 hours (Table 1).

There was a significant difference between GCS values
on admission and at discharge in patients with TBI (P =
0.0001). A significant difference was found between ICP
values and GCS values after 24 hours in the patients (P
= 0.0001). There was no significant difference between
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Figure 2. Proportion of patients with favorable and unfavorable ICP after 24 hours
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Figure 3. GOS values in the patients with favorable and unfavorable ICP

Table 2. Correlation Between Mean ICP and Mean AMP(ICP)

Variable AMP(ICP)

ICP

Pearson correlation coefficient r = 0/465

P value P = 0/006

correlation Positive

AMP(ICP) values and GCS values after 24 hours in the pa-
tients (P = 0.057). Figure 2 shows the proportion of patients
with favorable and unfavorable ICP after 24 hours.

Analysis of variance (ANOVA) test showed no signifi-
cant difference in GOS values between the patients with fa-
vorable and unfavorable ICP (P = 0.154) (Figure 3).

There was a positive correlation between mean ICP and
mean AMP(ICP) measured (r = 0.465) within 24 hours (Fig-
ure 4 and Table 2).

A negative correlation was seen between mean
AMP(ICP) within 24 hours with GOS values on the first,
third, and sixth month (r = -0.476, -0.563, and -0.627,
respectively) (Figures 5 - 7).
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Figure 4. Correlation between mean ICP and mean AMP(ICP)
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Figure 5. Correlation between mean AMP(ICP) within 24 hours with GOS values on
the first month

4. Discussion

In conclusion, TBI is a major health problem world-
wide. The prognosis of patients with TBI is affected by sev-
eral factors, amongst which increased ICP is one of the
most important (18). For this reason, ICP monitoring is
currently a key element in evaluation of TBI patients, al-
though there is no conclusive evidence of the usefulness
of ICP monitoring in TBI and in the US, ICP monitoring is
performed in only 58% of TBI patients with its indication
(19). Several studies have recommended it in TBI guide-
lines (3, 20, 21). Amplitude (ICP) is a metric of ICP. Several
studies have focused on ICP assessment in patients with
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Figure 6. Correlation between mean AMP(ICP) within 24 hours with GOS values on
the third month
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Figure 7. Correlation between mean AMP(ICP) within 24 hours with GOS values on
the sixth month

TBI. However, AMP(ICP) has not been sufficiently investi-
gated. Thereby, the present research studied the correla-
tion of AMP(ICP) and GOS in patients with TBI. In the cur-
rent study, there was a significant decreasing trend in ICP
during the 24 hours of monitoring. Similarly, Ebrahimine-
jad et al. found a significant difference in ICP values dur-
ing a 24-hour monitoring period in TBI patients (22). In
the present study, there was no significant difference in
the GOS values between the two groups (low ICP > 12 and
high ICP ≤ 12) in the follow-ups carried out after one,
three, and six months, which is similar to Deepak Kumar
Gupta et al. study, although they considered ICP of < 20

favorable (23). Despite changes in ICP, there was a non-
significant decrease in AMP(ICP) levels within 24 hours,
which showed sustainability of AMP(ICP). There was a pos-
itive correlation between mean 24-hour ICP and mean 24-
hour AMP(ICP) during monitoring. Therefore, AMP(ICP)
changes can reflect that of ICP. Additionally, the mean 24-
hour AMP(ICP) during monitoring was negatively corre-
lated with GOS values in the follow-ups after one, three,
and six months, which is similar to other studies (10, 13,
24, 25) and indicates the usefulness of this indicator in pre-
dicting patients’ outcome. There were limitations in this
study. ICP comparisons were not performed continuously.
Furthermore, extra-ventricular drainage was used for ICP
monitoring and the results may not be useful for intra-
parenchymal ICP monitoring.

4.1. Conclusion

ICP may not always be an acceptable indicator of eval-
uation of outcome in patients with TBI. The findings of the
present study suggest that AMP(ICP) can determine GOS in
patients with TBI. Further investigations with larger sam-
ple sizes would be helpful in this regard.
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