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Abstract
Intracranial pressure is the amount of pressure that the cranium exerts on brain tissue, the brain's blood volume and cerebrospinal fluid. Accosrding to Monro-Kellie hypothesis, the body has various mechanisms with the ability to keep the
intracranial pressure stable by changing the volume of one of the cranial constituents (blood, cerebrospinal fluid, and brain
tissue). When these compensatory mechanisms fail to maintain normal balance, intracranial pressure begins to rise. In
neurosurgical patients, many factors such as hypercapnia, hypoxemia, endotracheal aspiration, valsalva maneuver, noxious
stimuli and activities increasing cerebral metabolism affect intracranial pressure. The interventions applied in the care of
a neurosurgical patient mainly focus on determining the frequency of observations, detecting early signs and symptoms of
increased intracranial pressure, administering the appropriate treatment and care in a timely manner, preventing herniation and thus reducing the risk of morbidity and mortality. Nurses providing care for neurosurgical patients should be well
aware of the factors affecting intracranial pressure, care interventions to prevent intracranial pressure increase, as well as a
thorough understanding of the early signs of increased intracranial pressure. They should also be capable of both planning
and implementing specific individual care interventions. This review is designed to identify the factors affecting intracranial
pressure and explain the mechanism of increased intracranial pressure with an emphasis on the current literature, which
will serve as a guide for neurosurgical nurses in planning the proper nursing care for these patients in line with the current
clinical practice guidelines and recommendations.
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Introduction
Intracranial pressure (ICP) is the pressure exerted by the
cerebrospinal fluid (CSF), blood and brain tissue inside the
cranium. According to the Monro-Kellie hypothesis, body is
capable of changing the volume of blood, CSF, and brain tissue contained in the cranial cavity in order to maintain normal ICP. The failure of these compensatory mechanisms to
maintain homeostasis results in increased ICP [1-9]. Among
neurosurgical patients, the factors involved in increased

ICP include hypercarbia, hypoxemia, endotracheal suction,
Trendelenburg’s and prone positions, isometric muscle contractions, valsalva maneuver, noxious stimulations, activities
that increase cerebral metabolism, and clustering of treatment and care interventions within the same time period
[1-5,7,10].

This review is designed to identify the factors affecting ICP
and explain the mechanism of increased ICP with an emphasis on the current literature, which will serve as a guide for
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neurosurgical nurses in planning the proper nursing care for
these patients in line with the current clinical practice guidelines and recommendations.

Methods

In this review, scientific reviews and research reports published in PubMed, ScienceDirect, Cochrane, EbscoHost’s Dynamed, EbscoHost Health Source, Ovid LWW Journals, Springer Link, Thieme E-Journals, Google Scholar and ULAKBIM; data
in neurosurgery textbooks; and clinical guidelines published
by Brain Trauma Foundation (BTF), American Association of
Neuroscience Nurses (AANN) and various other institutions
were analyzed. During our literature review, the following
keywords were used: neurosurgery, intracranial pressure
increase, hypercarbia, hypoxemia, endotracheal suctioning,
body positions (Trendelenburg’s, prone, etc), isometric muscle contractions, valsalva maneuver, vasodilator drugs, seizure,
hyperthermia. The titles searched for this review included
factors affecting increased intracranial pressure, and nursing
management of a patient with increased intracranial pressure.
Factors Associated with Increased Intracranial Pressure

Hypercarbia: Hypercarbia is defined as a carbon dioxide
partial pressure (PaCO2) of higher than 45 mmHg. BTF recommends PaCO2 to be maintained range of 35-40 mmHg
(normocarbia) [11]. An increased PaCO2 leads to dilation of
cerebral blood vessels, thus increasing cerebral blood flow
[1,3,5,12,13]. An increased cerebral blood volume results in
increased ICP. The etiology of hypercapnia in neurosurgical
patients includes pulmonary pathologies (atelectasis, pneumonia, chronic obstructive pulmonary disease, acute respiratory distress syndrome, pulmonary edema, etc), severe pain,
insufficient sedation and analgesia, shallow respiration due to
excessive sedation or patient-ventilator dyssynchrony, compression of respiratory centers in the brainstem, ventilatory
insufficiency due to faulty or improper calibration of the ventilator circuit (velocity, sensitivity, etc) [5].

Hypoxemia: It is defined as a partial pressure of oxygen (PaO2)
of less than 50 mmHg. Oxygen (O2) is a less potent vasodilator
compared to carbon dioxide (CO2). BTF recommends PaO2 to
be maintained above 60 mmHg to prevent hypoxia and oxygen saturation (SpO2) above 90% [11]. When cerebral oxygen
tension drops below 50 mmHg, anaerobic metabolism begins,
resulting in increased lactic acid and acidosis. Lactic acidosis
causes vasodilation and increases cerebral blood flow and ICP
[1,5,9,13]. Hypoxia in neurosurgical patients is caused by insufficient oxygen concentration under oxygen therapy; insufficient ventilation during intubation, suctioning and after suctioning; partial or complete airway obstruction, and increased
consumption of oxygen [5].

Endotracheal suctioning: Endotracheal suctioning is a common nursing procedure performed in care of neurosurgical
patients on mechanical ventilation. Endotracheal suctioning
reduces CO2 levels caused by accumulation of secretions,
thus preventing an increase in ICP. However, several studies
demonstrated that suctioning causes a transient increase of
ICP [1,3,5,10,12,14-18]. Endotracheal suctioning increases
ICP by stimulating the cough reflex. Disconnecting the ventilator circuit from the endotracheal tube before suctioning and
placing the patient back on mechanical ventilation immediately after aspiration cause movement of the endotracheal tube,
which stimulates tracheal and laryngeal afferent neurons,
leading to coughing. Stimulation of the cough reflex causes
the valsalva maneuver and results in increased intrathoracic and intraabdominal pressure [19], and thus increased ICP
[1,3,5,10,12,14,20]. In addition, a brief cease in mechanical
ventilation support during suctioning procedure and suctioning oxygen as well as secretions might result in a dramatic decrease of PaO2, leading to hypoxemia. A decreased PaO2 and
increased PaCO2 cause vasodilation [19,21-24], and increase
cerebral blood flow and ICP [1,3,5,12].
Body positions: Body positions including Trendelenburg’s
and prone, excessive flexion of the hip towards the abdomen,
flexion and extension of the neck lead to increased ICP [5]. Cerebral venous system does not have valves, as do other veins
in the body. Therefore, increased intraabdominal and intrathoracic pressures, or pressure in the neck or any condition that
obstructs or compromises venous outflow result in decreased
venous drainage out of the brain and increased cerebral blood
volume and ICP because blood is backed up into the intracranial cavity [1,5,8,25-26]. Trendelenburg’s position is contraindicated in neurosurgical patients. Prone positioning of the
patient increases intraabdominal and intrathoracic pressure.
In this position, flexion of the neck prohibits venous drainage
from the brain and increases ICP. Excessive flexion of the hip
towards the abdomen increases intraabdominal pressure,
leading to increased ICP. Flexion of the neck due to a misplaced
pillow, neck extension due to inappropriate lateral positioning
during turning the patient, or rotation of the neck (producing
pressure on jugular vein) decrease venous return from the
brain and increase ICP. Devices that apply pressure through
a similar mechanism, including rigid cervical collars and other immobilization devices have been shown to increase ICP
[5,27]. In addition to all these positions, turning or positioning
patient might also cause a transient increase in ICP and subsequently, alterations in cerebral and cardiovascular parameters
[25].
Isometric muscle contractions: During isometric muscle
contraction, fiber length of the contracting muscle does not
change and muscle tone increases. Pushing against the bed
with one’s feet, pushing upon the bed, pulling on a restraint,
shivering, decortication and decerebration are examples of
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isometric muscle contractions. Isometric muscle contractions
increase systemic blood pressure, which, in turn, increase ICP
in high-risk patients or patients with limited brain compliance
[5].
Valsalva maneuver: Activities such as vomiting, straining,
coughing, sneezing, and enema increase ICP, by causing the
valsalva maneuver. During valsalva maneuver, closing off the
epiglottis while contracting the muscles of expiration increases intraabdominal and intrathoracic pressure, thus preventing
venous return from the brain and increases ICP [1,3,5].

Noxious stimuli: Noxious nursing interventions including
blood drawing, and removal of adhesive tapes off the skin and
invasive procedures such as lumbar puncture, stimulate sympathetic nervous system. Sympathetic nervous system elevates
systemic blood pressure and cerebral blood flow, thus increasing ICP [1,3,5].

Factors increasing cerebral metabolism: Seizures and hyperthermia increase cerebral metabolism, which in turn increases cerebral blood flow, resulting in increased ICP [3,5,910]. Each 10C rise in body temperature increases cerebral
blood flow by 5-6%, and the metabolic demand by 10%. Recent studies highlight the importance of maintaining normothermia in neurosurgical patients [1,3,5-7,9-10,12,26].

Clustering of nursing activities within the same time period: The clustering of care activities (bath, turning patient
in bed, etc) and other activities known to be associated with
increased ICP within the same time period leads to a dramatic increase in ICP, resulting in increased risk of production of
plateau waves in patients. The clustering of all these activities
within the same time period increases blood pressure, as well
as cerebral blood flow, and ICP. An increased ICP might lead to
pathologic plateau waves and cerebral ischemia [5].
Nursing Interventions Aiming to Prevent Increased Intracranial Pressure

The aims of nursing care for patients with increased ICP include maintaining adequate cerebral perfusion, preventing
further brain injury by maintaining ICP in the normal range,
and controlling factors known to increase ICP [3,5,7,27]. Therefore, it is important to perform certain nursing interventions
including ensuring adequate oxygenation, proper patient positioning, preventing isometric muscle contractions, avoiding
the valsalva maneuver, minimizing noxious stimuli, preventing
conditions associated with increased cerebral metabolism and
planning nursing care [1,3,10,12,25].
Ensuring and maintaining the patient’s oxygenation: The
first step in the management of increased ICP and primary responsibility of a nurse is supplying adequate oxygenation in

order to support brain functions. The use of an endotracheal
tube or tracheostomy tube may be needed to maintain adequate ventilation. In order to prevent hypercarbia which is associated with increased ICP, PaCO2 level should be maintained
at 35 mmHg and PaO2 level should be maintained in a range of
80-100 mmHg. Endotracheal tube suctioning is performed to
maintain airway patency and to optimize oxygenation. In order
to minimize the risk of hypoxemia, accurate endotracheal suctioning requires 100% oxygenation before and after suctioning, as well as in between the sessions. During each suctioning
session, catheter insertion should be restricted to 2 times and
the duration of each suctioning should not exceed 10 seconds
[1,3-5,9-10,12,28]. The closed-endotracheal tube suctioning method has been reported to decrease stimulation of the
cough reflex and to prevent hypoxia [18-19,24,29], resulting in
less increased ICP and safer use in neurosurgical patients [18].
In endotracheal suctioning, thoracic and abdominal movements should be observed to assess respiratory distress and
breath sounds should be auscultated every 8 hours to maintain
oxygenation in neurosurgical patients. Patient-ventilator synchrony should be monitored and particular attention should
be paid to changes of skin color (mild cyanosis) and presence
of discomfort. The physician’s orders should be informed of
the presence of any alterations in breathing pattern. The results of arterial blood gas analyses should be monitored regularly and objective data on patient’s oxygenation level should
be retrieved. In addition, other data indicating oxygenation
status of the patient, including pulse oximetry and end-tidal
carbon dioxide (ETCO2) readings should be recorded [1,3-5,910,12,28].

Appropriate patient positioning: Studies performed in neurosurgical intensive care units recommend keeping the head
of the bed elevated to decrease ICP [25]. However, the degree
to which the head of the bed should be elevated is highly debated. The guidelines for the management of severe traumatic
brain injury published by BTF (2007), include several recommendations regarding patient positioning after severe brain
injury. Similarly, appropriate patient positioning has not been
clarified in guidelines for the care of patients with subarachnoid hemorrhage [30]. However, another guideline for the
care of the patient with craniotomy post-brain tumor resection published by AANN, recommends keeping neck in neutral position and elevation of the head of the bed to 300-450
[31]. This position enables decreasing ICP without affecting
cerebral perfusion pressure (CPP) and cardiac output, so that
adequate CPP is maintained [25,27,32]. A head-elevated position decreases sagittal sinus pressure and promotes venous
drainage via valveless jugular system and decreases vascular
congestion causing cerebral edema. On the other hand, elevating the head of the bed more than 30o might decrease CPP [15,8-10,12,26,33-35].
One of the studies investigating the impact of head elevation
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on ICP and CPP demonstrated that elevation of the head of the
bed to 300 was associated with significantly decreased ICP
when compared to supine position [33]. A similar study of severely head-injured patients by Ng, et al. (2004) reported that
ICP was significantly lower at 30 degrees than at 0 degrees of
head elevation, whereas CPP was slightly higher at 30 degrees
than at 0 degrees. In the mentioned study, it was concluded
that 300 of head elevation lead to an improvement in CPP, and
reduction in ICP, without deleterious changes in the mean arterial pressure, and thus, the position was a safe one to use
in routine care of patients with head injury [32]. On the other hand, Palazon, et al. (2008) reported the mean ICP values
were lower when the head was elevated to 300-450, but the
mean CPP values were significantly lower at 450 head elevation compared to 300. It is essential to offer different angles
of head of bed elevation and body positions to ensure optimal
care and comfort in neurosurgical intensive care units [27].
Besides, the lack of proper positioning of patients is likely to
be associated with the increased risk of pressure ulcers [36].
The catabolic state after trauma and decreased blood flow
might result in ischemia of the skin and subcutaneous tissues.
Pressure from bony prominences can be removed by rolling
patient onto side [25]. Accordingly, in a study examining the
effects of 12 different positions on neurodynamic and hemodynamic outcomes by Ledwith, et al. (2010), statistically significant decreases were observed in ICP for supine head of bed
elevated 300-450 and for supine head of bed 450 and knee
elevation. In that study, the authors also suggested that lateral positioning without the head of the bed elevated was likely
to be the most dangerous position for neurosurgical patients,
and emphasized the importance of close monitorization of patients with severe brain injury, placed in the lateral position
[25]. Furthermore, Kose and Hatipoglu (2012) suggested that
the head elevation of patients who underwent cranial surgery
should be 300 to provide optimum cerebral blood flow and in
the absence of any medical contraindications, right and left lateral positioning were also safe for this patient group.
Excessive rotation or flexion of the neck, which has been reported to cause pressure on the jugular veins and increases ICP,
should be avoided. For the patients who are unable to maintain a neutral neck position independently, a soft neck collar,
rolled-up towel, or a small cushion can be used [27]. Kose and
Hatipoglu (2012) demonstrated that temporary flexion or extension of the head had no impact on the cerebral blood flow,
however, prolonged flexion and extension of the head caused
alterations in cerebral blood flow and should be avoided in patients who underwent cranial surgery.
Excessive hip flexion, which is known to be associated with
increased intraabdominal and intrathoracic pressure, thus
raising ICP, is not recommended. Rapid position changes may
increase the ICP and therefore, patients should be turned
gently and repositioned slowly during nursing care [1-5,8-

10,12,26,33,35].

Prevention of isometric muscle contractions: Passive range
of motion (ROM) should be used in the management of neurosurgical patients since it does not necessitate isometric muscle
contractions. Pharmacological agents such as chlorpromazine,
can be considered to prevent shivering causing isometric muscle contractions. Pancuronium bromide and baclofen can be
used to prevent the development of decerebration in patients
at risk for developing an elevated ICP. Since confusion, agitation and seizures are associated with increased risk of injury
in patients with altered consciousness and raised ICP, an arm
restraint and other soft restraints can be used for patients who
are at risk for self-extubation or falling out of bed. However,
these restraints might cause isometric muscle contractions
and mild sedation may be required [5].
Nursing Interventions to minimize the valsalva maneuver: The patient should be instructed to exhale, which opens
the glottis, in order to avoid the valsalva maneuver. To prevent
constipation, stool softeners should be used instead of enema
[3,5,28].

Minimizing noxious stimuli: Pain management and sedation
decrease cerebral metabolic rate for oxygen consumption as
well as cerebral blood flow, thus decreasing the ICP. In order
to achieve this, propofol, benzodiazepines, and narcotics (morphine or fentanyl) are commonly used. Since these agents may
compromise neurologic assessment, their use in patients without ICP monitoring is debated [1,5-6,8,12]. In neurosurgical
patients, the management of transient increases in the ICP due
to positioning and coughing, and an easy ventilation can be
achieved with the use of neuromuscular blockers as ordered
by the physician in charge [2,5-6,10,35]. Several studies have
demonstrated that the use of several pharmacologic agents before and during endotracheal suctioning to inhibit the stimulation of the cough reflex and the sympathetic nervous system,
actually has minor effects on the ICP [14,20].
Minimizing/preventing the conditions associated with increased cerebral metabolism: Hyperthermia is known to increase the ICP by increasing the metabolic demands. A cooling
blanket, ice bath, other cooling methods such as the use of an
intravenous cooling device, and antipyretics (e.g. acetaminophen) can be used to decrease body temperature in patients
with increased ICP. In case of the development of hyperthermia in a patient, the physician in charge should be immediately
informed, the body temperature should be monitored hourly,
body temperature should be decreased through use of a cooling blanket and other rapid cooling techniques recommended, and the prescribed antipyretic drugs (e.g. acetaminophen)
should be administered. If a cooling blanket is used, cooling
should be terminated when the patient’s temperature reaches 10C above the desired level (because the body temperature

Cite this article: Ugras G A. Factors Affecting Intracranial Pressure and Nursing Interventions. J J Nurs Care. 2014, 1(1): 003.

Jacobs Publishers

5

will continue to fall naturally after the blanket is turned off)
and the temperature should be decreased gradually to prevent
shivering [1,3,5-7,9-10,12,26,28]. One of the conditions associated with increased cerebral metabolism is seizure. Patients
who have seizures or are at high risk for developing seizures,
should be carefully identified and monitored closely, and anticonvulsant drugs (e.g. phenytoin, carbamazepine, etc) should
be administered in a timely manner under the physician’s order, and serum concentrations of these drugs should be monitored closely [3,5,9-10].
Planning nursing interventions: One of the factors associated
with increased ICP is clustering of all nursing interventions
within the same time period. Spacing of nursing interventions
may prevent transient increases in ICP. During all nursing interventions, the ICP should be maintained below 25 mmHg
and it should return to baseline levels within 5 minutes. Duration of each break between nursing interventions should
be planned. In addition, patients should be turned slowly and
moved gently to prevent pain and agitation. Prior to nursing
care, sedatives and paralytic agents can be administered in patients at high risk for increased ICP [3,5,12].

Conclusion

In conclusion, treatment and care interventions for neurosurgical patients focus on recognition of early signs and symptoms of increased ICP, proper monitoring, and treatment and
care in a timely manner to prevent a possible brain herniation
and death. The nurse providing care to a neurosurgical patient
should be aware of the factors associated with increased ICP,
be capable of performing necessary interventions to prevent
an increase in ICP and to establish early diagnosis, and be competent in planning and performing personal care tasks.
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