FACTORS PREDICTING PHYSIOLOGICAL CHANGES OF
CRITICALLY ILL NEUROSURGICAL PATIENTS IN THE FIRST
SIX HOURS AFTER SURGERY

KARUNA SHUKLIJ

A THESIS SUBMITTED IN PARTIAL FULFILLMENT
OF THE REQUIREMENTS FOR
THE DEGREE OF MASTER OF NURSING SCIENCE
(ADULT NURSING)
FACULTY OF GRADUATE STUDIES
MAHIDOL UNIVERSITY
2011

COPYRIGHT OF MAHIDOL UNIVERSITY



Thesis
entitled

FACTORS PREDICTING PHYSIOLOGICAL CHANGES OF
CRITICALLY ILL NEUROSURGICAL PATIENTS IN THE FIRST
SIX HOURS AFTER SURGERY

Prof. Banchong Mahaisavariya,
M.D., Dip Thai Board of Orthopedics
Dean

Faculty of Graduate Studies

Mahidol University

Kaena Shokiy

Mrs. Karuna Shukij
Candidate

Asst. Prof. Ki¥ngdai Unhasuta,
Ed.D. (Higher education)
Major advisor

)D %{ﬂx—,

Assoc Prof Penchun Sareew1watthana
M.Sc. (Anatomy)
Co- advisor

T M\ycanya l/vo{"—

Lect Thaweesak Aurboonyawat
M.D., Dip Thai Board Neurological Surgery
Co- advisor

/V@ -swu . Ufb&‘sf&?{msrb

Asst. Prof Ketsarln Utriyaprasit,
Ph.D. (Nursing)

Program Director

Master of Science (Physiology)
Faculty of Nursing

Mahidol University



FACTORS PREDICTING PHYSIOLOGICAL CHANGES OF
CRITICALLY ILL NEUROSURGICAL PATIENTS IN THE FIRST
SIX HOURS AFTER SURGERY

was submitted to the Faculty of Graduate Studies, Mahidol University
for the degree of Master of Nursing Science (Adult Nursing)

December 27, 2011

......................................

Lect. Porn Narischat,

M.D., Dip Thai Board of Neurological Surgery

Member

Lect. Thaweesak Aurboonyawat,

M.D., Dip Thai Board of Neurological Surgery

Member

Prof. Banchong Mahaisavariya,
M.D., Dip Thai Board of Orthopedics
Dean

Faculty of Graduate Studies

Mahidol University

Mrs. Karuna Shukij
Candidate

Kayuna Shokfj

Asst. Prof. Usavadee Asdornwised,

Ph.D. (Nursing)
Chair

C

U

Member

Assoc. Prof. Penchun Sareewiwatthana,
M.Sc. (Anatomy)
Member

F (VRN T«( ‘IO‘IQAA/M/(/

Assoc. Prof. Fongcum Tilokskulchai,
Ph.D. (Nursing)

Dean

Faculty of Nursing

Mahidol University



il

ACKNOWLEDGEMENTS

My sincerest gratitude is due to Asst. Prof. Dr.Krongdai Unhasuta, my
major advisor, for her much appreciated guidance, valuable supervision. I extend my
profound appreciation to Assoc.Prof. Penchun Sareewiwathana, and Dr. Taweesak
Aurboonyawat, my co-advisor, for their helpful guidance, support, and encouragement
during this study. The completion of this study would not have been possible without
them.

I would like to express my deepest appreciation to Asst.Prof. Dr. Usavadee
Asdornwised and Dr. Porn Narischart, my thesis committee, for their kind,
constructive comments, and supervision on this study.

Great appreciation is also offered to all experts involved in testing the
validity of the instrument and their recommendations. I would like to thank the head
nurse and staff nurses of neurosurgical intensive care unit Siriraj Hospital for their
helpful facilitation the entire study.

Grateful acknowledgement is also Faculty of Medicine Siriraj Hospital
that allow me to study.

I am profoundly grateful to my relatives, colleagues, and friends for their
encouragement on my studying. Finally, to my family especially my husband and my
son for their emotional support, inspirations, and their love to me during a very

difficult time, without them I would not be success this study.

Karuna Shukij



Fac. of Grad. Studies, Mahidol Univ. Thesis / iv
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ABSTRACT

This study was descriptive research, which aimed to examine certain
predictive factors; location of surgery, comorbidity, and the nursing management of
critically ill neurosurgical patients when looking for physiological changes in the first
six hours after surgery. The samples consisted of 100 neurosurgical patients who
underwent brain surgery and required a subsequent six hours of intensive care in the
neurosurgical ICU at Siriraj Hospital. The instruments for data collection consisted of
demographic data records, assessment of the nursing management of critically ill
neurosurgical patients, and an assessment of the physiological changes in critically ill
neurosurgical patients in the first six hours after surgery.

The results of the study revealed that the average physiological changes of
the sample score was 2.61, with the score of 0-2 in 38% and 3-8 in 62% of the study
sample. The locations of surgery were supratentorial areas (79%) and infratentorial
areas (21%). Fifty four percent of the samples were without comorbidity. Most of the
sample received proper nursing management (75%). Location of surgery, comorbidity,
and nursing management of critically ill neurosurgical patients did not correlate with
physiological changes in the critically ill neurosurgical patients in the first six hours
after surgery. There was no factor which could predict the physiological changes in the
critically ill neurosurgical patients in the first six hours after surgery.

Although this study found the location of surgery, comorbidity and nursing
management of critically ill neurosurgical patients did not correlate with physiological
changes of the critically ill neurosurgical patients in the first 6 hours after surgery,
knowledge of the location of the surgery, comorbidity and proper nursing management
of critically ill neurosurgical patients in the first 6 hours after surgery are necessary for
nurses to control the normal physiological changes in critically ill neurosurgical
patients in the first 6 hours after surgery, prevent and decrease secondary brain injuries
that lead to cerebral ischemia and cerebral infarctions leading to disability and an

increased mortality rate.

KEY WORDS: PHYSIOLOGICAL CHANGES / LOCATION OF SURGERY /
COMORBIDITY / NURSING MANAGEMENT
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CHAPTER1
INTRODUCTION

Background and significance of the study

Patients undergoing a neurosurgery must be carefully monitored,
particularly at a critical period after the surgery, because the brain is highly susceptible
to slight changes from various variables, especially the effects of a general anesthesia
or abnormal brain functions (Ropper et al., 2004). Additionally, the postoperative
period is a critical time when disturbances in physiological variables and high risks of
complication from disease and surgery can occur. Therefore, it is necessary to close
observation patient progress or indeed to save their lives (Hickey, 2003). The
incidence of postoperative complications occurring over 24 hours is reported as high
as 54.5 % for neurosurgical patients (Magni et al., 2007). These complications
developed from six to twenty-four hours after the surgery are more fatal than those
after twenty-four hours (Zetterling & Ronne-Engstrom, 2004). The first six hours are
particularly the most critical period as a result of the respiratory complications
possibly leading to hypoxia, metabolic complications, central nervous system (CNS)
complications, and enduring unconsciousness (Kaakaji et al., 2001; Magni et al.,
2007). These symptoms can cause by cerebral hemorrhage (Gerlach, Krause, Seifert,
& Goerlinger, 2009; Warnick, Longmore, Paul, & Bode, 2003) and brain edema.
They, in turn, lead to increased intracranial pressure (ICP) and decreased cerebral
perfusion pressure (CPP). Ultimately, brain tissue becomes ischemic and infarction
(Bruder, Pellissier, Grillot, & Gouin, 2002).

The rise of ICP is a physiological response to an activation of the
sympathetic nervous system (SNS), caused by general anesthetics, thus increasing
blood pressure (Kan & Couldwell , 2006). Because having high blood pressure during
recovery time can result in cerebral hemorrhage (Bruder, et al., 2002; Tondon &
Mahapatra, 2004), patients may require re-surgery which will increase disability and

mortality rate (Chernov & Ivanov, 2007) and they need longer period of
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hospitalization, resulting in higher costs (Naidech et al., 2009). In addition, increased
ICP can cause changes in the nervous system and brain deterioration. Patients should
be closely monitored over six hours after surgery for increased intracranial pressure
(Himmelseher & Pfenninger, 2001), especially in patients undergoing posterior fossa
surgery, which have a high risk for increased intracranial pressure (Kaakaji et al.,
2001).

According to the data of Siriraj Hospital in 2009, as much as 53.8% (711
out of 1,321) of all neurosurgical patients neither recover from the consequence of
general anesthesia nor can effectively breathe without a resuscitator. Additionally,
some patients experience respiratory failure caused by abnormalities of the respiratory
system, injury to the brain stem which is the part of respiratory center or neurological
disorder. Some do not recover from general anesthesia at the right time. Consequently,
an intensive monitor and accurate diagnosis are needed until they have stable vital
signs and regain consciousness, most of which take from six to twenty-four hours after
the surgery (Siriraj statistical, 2009).

Ziai, Varelas, Zeger, Mirski, and Ulatowski (2003) reported that over the
first 24 hours after brain surgery patients are at high risk of severe life-threatening
complications and CNS deterioration. Additionally, Pfister, Strebel and Steiner (2007)
found that a rigorous monitoring in an intensive care unit (ICU) can help in evaluating
changes of CNS and providing immediate treatment to minimize secondary brain
injuries. This refers to the injury to brain cells after the original insult that result from
physiological disturbances, which may lead to cerebral ischemia and cerebral
infarction.

To prevent cerebral ischemia in critically ill neurosurgical patients,
cerebral perfusion pressure (CPP) should be maintained within a range of 50-70 mm
Hg (American Association of Neuroscience Nurses, 2008) from a normal range of 75-
80 mm Hg (Vespa, 2003). There are two main factors on which CPP depends as
follows: having enough blood pressure and preserving ICP below 20 mm Hg
(Tisavipat, 2000; Nunta-aree, 2009). An adequate CPP allowing sufficient blood flow
to the brain can be estimated from the difference between mean arterial pressure
(MAP) and ICP. However, ICP monitoring requires a special device to implant into

the brain, thus risking cerebral hemorrhage, brain infection. Currently, ICP monitoring
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is not indicated for patients with mild to moderate head injury, defined as a GCS score
of 9 to 15. ICP monitoring may, however, be appropriate for comatose patients or
patients suffering severe head injury with or without abnormalities on a head CT scan.
Severe head injury is defined as a GCS score of 3 to 8 after cardiopulmonary
resuscitation. Abnormal CT scan findings are defined as the presence of hematoma,
contusion, edema, or compressed basal cisterns. ICP monitoring is also appropriate for
patients suffering head trauma with a negative CT scan who have two or more of the
following criteria: age greater than 40 years, any motor posturing, or systolic blood
pressure less than 90 mm Hg (Brain Trauma Foundation, American Association of
Neurological Surgeons, Congress of Neurological Surgeons, Joint Section on
Neurotrauma and Critical Care, & AANS/CNS, 2007; Nunta-aree, 2009). A change in
mean arterial pressure (MAP), partial pressure of oxygen in arterial blood (PaO,),
partial pressure of carbon dioxide in arterial blood (PaCO,), hydrogen ions (pH) , and
cerebral metabolic rate (CMR) are physiological factors that can be used to evaluate
CPP (Edouard, Vanhille, Le Moigno, Benhamou, & Mazoit, 2005). These factors are
related to vasodilation, vasoconstriction, and oxygen need of the brain that affect to
cerebral ischemia and cerebral infarction (Littlejohns & Bader, 2005; Pfister et al.,
2007; Tolani & Bendo, 2007).

In addition, changes in blood pressure, oxygen, blood glucose, and acidity
in the blood after the brain surgery indicate physiological reactions and cerebral
infarction (Naidech et al., 2006). In other words, abnormal brain perfusion, impaired
oxygen delivery, acidaemia, and hyperglycemia contribute to an increase in damaged
brain tissue within the first twenty-four hours after the surgery as the patients had
brain tissue injuries, blood volume loss, and response to recover from general
anesthesia. These are stimuli of the cardiovascular system resulting in hypertension
and increasing heart rate (Bruder, Pellissier, Grillot & Gouin, 2002). Especially, the
patients who suffer from cardiovascular problems or severe blood loss during the
surgery leading to cerebral ischemia. Excess lactate and brain tissue acidosis
contribute to blood-brain barrier (BBB) damage. This allows normally excluded
intravascular proteins and fluid to penetrate into cerebral parenchymal extracellular
space. Once plasma constituents cross the BBB, the edema spreads and increase in

brain volume as a cause of increase intracranial pressure (Josephson, 2004; Paolino &
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Garner, 2005). Consequently, cerebral ischemia and cerebral infarction caused by high
ICP and causes of morbidity & mortality (Tolani & Bendo, 2007).

According to the literature review, the factors associated with
physiological changes of the neurosurgical patients in the first six hours after surgery
are location of surgery (Iversen & Rasmussen, 2008; Kaakaji et al., 2001; Sogame,
Vidotto, Jardim, & Faresin, 2008), comorbidity (Ferguson & Macdonald, 2007,
McGirt et al, 2005; Sansur et al., 2007; Sogame et al., 2008), and nursing management
of critically ill neurosurgical patient (American Association of Neuroscience Nurses,
2008) as well as the factors related to postoperative pain. However, with in twenty-
four hours after the operation the pain can be controlled by a constant intravenous
injection in order not to affect physiological condition (Magni et al., 2007).

jThe study of Sogame et al. (2008) find that patients undergoing
infratentorial surgery has a higher risk of respiratory failure than supratentorial
surgery. This can result from brainstem compression and causes abnormal respiratory
pattern. Furthermore, patients having a surgery of the infratentorial region may
develop the disintegration of lower cranial nerves, thereby suffering from dysphagia,
choking, pulmonary aspiration, or inability to cough, resulting in the inability to
loosen the phlegm and then causing pneumonia, lung infection, and respiratory failure
(Tisavipat, 2000; Barker, 2008). However, a supratentorial region’s surgery could also
contribute to respiratory failure because of the bleeding in cerebellar, despite a slight
chance of development (0.29%), but serious complication and high risk of mortality
(Friedman et al., 2001; Marquardt, Setzer, Schick, & Seifert, 2002) from the oxygen
deprivation (Kim, 2006).

The study of impact of comorbidity on physiological changes of critically
ill neurosurgical patients after surgery such as diabetes (McGirt, 2005), hypertension
(Dal, Erden, Saricaoglu, & Aypar, 2006; Sansur et al., 2007), and chronic pulmonary
disease (Sogame et al., 2008), are higher risks of death and disability than those
without comorbidities (Bradshaw & Amin, 2007). Diabetic patients especially whose
blood sugar levels higher than 200 mg/dl, for instance, are likely to develop a
neurological deficit after the surgery than non-diabetic ones (McGirtet al., 2005).
Likewise, individuals with a history of hypertension and heart disease are subject to a

cerebral hemorrhage due to fluctuating of blood pressure between pre-and post-
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operation (Dal et al, 2006). Honegger et al. (2002) discovered that rebleeding patients
after brain surgery, one in ten had a history of hypertension.

In addition, the factor that may contribute to physiological changes of
critically ill neurosurgical patients in the first 6 hour after surgery is nursing
management of critically ill neurosurgical patient which is nursing interventions to
reduce ICP below 20 mmHg. and to maintain CPP at 50-70 mmHg. (American
Association of Neuroscience Nurses, 2008; Rangel-Castillo, Gopinath, & Robertson,
2008) could be achieved by certain procedure: supine position with head elevated 30
degrees (Bethel, 2005; Moraine, Berre, & Melot, 2000; Ng, Lim, & Wong, 2004),
deactivation of thoracic cavity (Arbour, 2004; Dunn, 2002), evaluation of neurological
signs and of vital signs every hour (Arbour, 2004; Baeker, 2008, Hickey, 2003),
assessment of urine specific gravity and of body’s water balance (Hickey, 2003), and
lastly maintaining normal body temperature (Oddo et al., 2009; Rossi, Zanier, Mauri,
Columbo, & Stocchetti, 2001).

According to the literature review, the factors affecting physiological
changes of critically ill neurosurgical patient in the first 6 hours after surgery are
location of surgery, comorbidity, and nursing management of critically ill
neurosurgical patients. However, there have been no studies about the relationships
between these factors and their predictability for physiological changes of critically ill
neurosurgical patients in the first 6 hours after surgery. Therefore, the researcher was
interested in investigating the effects of these factors on physiological changes of
critically ill neurosurgical patients in the first 6 hours after surgery. Because the
physiological changes are able to indicate blood flow and perfusion in the brain, which
prevents high ICP and secondary brain injury. In addition, this study may offer some
insight for nursing interventions to impede cerebral ischemia and cerebral infarction,

as well as to minimizing physical disabilities and mortality.

Research Questions
1. How are the location of surgery, comorbidity, nursing management of
critically ill neurosurgical patient, and physiological changes of critically ill

neurosurgical patients in the first 6 hours after surgery?
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2. What are the relationships among location of surgery, comorbidity,
nursing management of critically ill neurosurgical patient, and physiological changes
of critically ill neurosurgical patients in the first 6 hours after surgery?

3. Can location of surgery, comorbidity, and nursing management of
critically ill neurosurgical patient be used as predicting factors for physiological

changes of critically ill neurosurgical patients in the first 6 hours after surgery?

Hypotheses

1. There are statistically significant relationships among location of
surgery, comorbidity, nursing management of critically ill neurosurgical patient, and
physiological changes of critically ill neurosurgical patients in the first 6 hours after
surgery.

2. Location of surgery, comorbidity, and nursing management of critically
ill neurosurgical patient can predict physiological changes of critically ill

neurosurgical patients in the first 6 hours after surgery.

Purposes of the Study

1. To describe the location of surgery, comorbidity, and nursing
management of critically ill neurosurgical patient.

2. To explore the relationships among location of surgery, comorbidity,
nursing management of critically ill neurosurgical patient, and physiological changes
of critically ill neurosurgical patients in the first 6 hours after surgery.

3. To investigate the potency of location of surgery, comorbidity, and
nursing management of critically ill neurosurgical patients as predicting factors for

physiological changes of critically ill neurosurgical patients in the first 6 hours after

surgery.
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Conceptual Framework

The studied framework is based on pathophysiology of nervous system
and inflammatory response to surgical injury. The researcher has focused on the
significant factors associated with physiological changes of neurosurgical patients in
the first six hours after surgery. These factors are (1) location of surgery, (2)

comorbidity, and (3) nursing management of critically ill neurosurgical patients.

Location of surgery

The areas of the brain at each location are different functions. As a result,
abnormalities in each part of the brain resulted in a unique physiological change.
Iversen, Rasmussen, and Cold (2008) concluded that infratentorial region’s surgery
has an increased risk of developing respiratory failure compared with supratentorial
region’s one. In the same fashion, Sogame et al. (2008) reported that there is a relation
between an infratentorial region’s surgery and respiratory complication (p<0.0001).
This complication may result from a disturbance in the brainstem, which regulates
respiratory activity, and then lead to respiratory arrest. Due to oxygen deficiency, high
level of carbondioxide, and high acidity, patients have dilation of brain blood vessels

and a high ICP.

Comorbidity

The critically ill neurosurgical patients with comorbidity are subject to
unstable physiological function (McNicol et al., 2007). This increases the risk of
developing complication during and following the surgery (Lieb & Selim, 2008).
Moreover, the comorbidity magnifies the mortality rate of the patient (Goldstein et al.,
2004). According to Sansur et al. (2007), patients who experience high blood pressure
subsequent to the surgery, particularly ones with a history of hypertension associated
with not taking enough antihypertensive drugs, may develop unstable blood pressure,

leading to intracranial bleeding after surgery (p=0.007).

Nursing management of critically ill neurosurgical patients
Each neurosurgical patient has distinctive physiological changes. Even in

the same patient may be show different physiological changes with the time-varying
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(Nunta-aree, 2009). The purpose of the nursing management over the first six hours
after the surgery is primarily to maintain physiological homeostasis, thus preventing
secondary brain injury (Tolani & Bendo, 2007). These nursing management can be
done by decreasing ICP, sustaining CPP (Brain Trauma Foundation, 2007; Jantzen,
2007; Nunta-aree, 2009), and providing a sufficient amount of oxygen to the brain
(American Association of Neuroscience Nurses, 2008). There are many methods to
decrease ICP and sustain CPP: supine position with the patient’s head elevated 30
degrees (Bethel, 2005; Moraine, Berre, & Melot, 2000; Ng, Lim, & Wong, 2004;
Suddhichupaiboon, 2006), deactivation of thoracic and abdominal cavity by an
appropriate phlegm suction (Bilotta et al., 2008; Gemma, 2002), avoidance of bending
patient’s hip beyond 90 degrees (Dinsmore, Bacon, & Hollway, 1998; Sithinamsuwan
et al,, 2008), assessment of neurological signs and vital signs (Arbour, 2004),
evaluation of body’s water balance, urine specific gravity, and body temperature, the
lastly consultation with physicians to give a suitable treatment for each individual
(Hickey, 2003).

The location of surgery, comorbidity, and nursing management of
critically ill neurosurgical patients affecting physiological changes in the first 6 hours

after surgery were shown in figure 1.1.

Nursing
management of Physiological changes
critically ill of critically ill

neurosurgical

neurosurgical patients

in the first 6 hours after

Pressure

surgery s Maintain i

1 1

e (A-2)DO, i Decrease i i Cerebral i

Location of surgery > e Mean arterial - _>i Intracranial i' _>E Perfusion i
| b !

| P !

pressure
e Bloodglucose | T
e Serum

bicarbonate

Comorbidity

Figure 1.1 Framework of this study
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Definitions of terms

Physiological changes of critically ill neurosurgical patients in the first
six hours after surgery are systemic response to surgery that defined as an evaluation
of the arterio-alveolar gradient [(A-a)DO,], mean arterial pressure (MAP), blood
glucose level, and serum bicarbonate (HCO3") in the first 6 hours after surgery. In this
study, a modified evaluation form, which is adapted from SAH-Physiologic
derangement score (SAH-PDS) (Claassen et al., 2004), is used.

Location of surgery is an incised area of the brain from which an abnormal
object is taken. This data is documented in operative note that provided by physicians.

Comorbidity refers to a medical condition present before but separate
from current condition in a patient; however, it affects the patient physical well-being
(Manzella, 2008). This information is derived from patient’s medical records.

Nursing management of critically ill neurosurgical patients are defined
as procedures for alleviating ICP and preserving CPP. These can be appraised using an
assessment of nursing management of critically ill neurosurgical patients form
specifically developed from the nursing practice guidelines for decreasing ICP of

critically ill neurosurgical patients in the neurosurgical ICU at Siriraj Hospital.

Scope of the Study

This study is a study of the relationships among location of surgery,
comorbidity, nursing management of critically ill neurosurgical patients, and
physiological changes of critically ill neurosurgical patients in the first 6 hours after
surgery. The patients were admitted to the neurosurgical intensive care unit,

department of surgery at the Siriraj Hospital.

Benefits of the Study

1. This study can be applied for quality assurance in nursing care for

neurosurgical patients to prevent cerebral ischemia after surgery.
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2. This study is particularly useful for researcher who is interested in

factors affecting ICP and CPP after surgery.
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CHAPTER 11
LITERATURE REVIEW

This study was an examination of predicting factors for physiological
changes of critically ill neurosurgical patients in the first 6 hours after surgery. The
related literatures were reviewed under the following topics:

1. The critically ill neurosurgical patients in the first 6 hours after surgery

1.1 Location of surgery

1.2 Comorbidity

1.3 Nursing management of critically ill neurosurgical patients

2. The physiological changes of critically ill neurosurgical patients after
surgery

3. Relationships among physiological changes of critically ill
neurosurgical patients in the first 6 hours after surgery and related factors.

3.1 Relationship between location of brain surgery and
physiological changes of critically ill neurosurgical patients in the first 6 hours after
surgery.

3.2 Relationship between comorbidity and physiological
changes of critically ill neurosurgical patients in the first 6 hours after surgery.

3.3 Relationship between nursing management of critically ill
neurosurgical patients and physiological changes of critically ill neurosurgical patients

in the first 6 hours after surgery.
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1. The critically ill neurosurgical patients in the first 6 hours after
surgery

The critically ill neurosurgical patients are the patient within the first 24
hours after brain surgery. Such patients are at risk of complications and degenerative
nervous system within the first 24 hours which will severely damage the brain and be
the cause of disability or death (Zetterling & Ronne-Engstrom, 2004). The patients are
diagnosed of central nervous system disease who need treated by surgery. During the
period of recovering from anesthesia, 90% of neurosurgical patients develop
hypertension as elevations of plasma catecholamine concentrations. This may cause
intracerebral hemorrhage after surgery. Even though, there is only 0.8-2.2 % of
patients with intracerebral hemorrhage after surgery. This condition is a severe
complication and must receive an emergency treatment before the brain lose its
functions due to intracranial hypertension caused by intracerebral hemorrhage
(Bhagat, Dash, Bithal, Chouhan & Pandia, 2008). In fact, intracerebral hemorrhage is
found most frequently during the first six hours after brain surgery owing to changing
of patients’ blood pressure while they recovered from anesthesia (Kaakaji et al., 2001).
Moreover, for the same period, as high as 28% of the patients may develop
respiratory complications, thus causing hypoxia and hypoventilation; PaO, is less than
90 mm.Hg and PaCO; is more than 45 mm.Hg (Magni et al., 2007).

The patients’ physiological instability during the first 6 hours after brain
surgery will affect cerebral blood flow which can lead to cerebral hypoxia and cerebral
ischemia. The oxygen deficiency occurs when partial pressure of oxygen in arterial
blood (PaO,) decreases to an insufficient oxygen supply to the brain which will cause
cerebral ischemia. In patients with brain lesions, when cerebral blood flow decreases
to below 20 ml/100 g/min, it will cause cerebral ischemia because neurons will
increase oxygen extraction from surrounding tissues in order to maintain normal brain
functions. However, when too much oxygen extraction from tissues, it will cause
cerebral ischemia and patients will experience deterioration of nervous system,
decrease level of consciousness, develop motor impairment and be unconscious

eventually. (Minton & Hickey, 2003)
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Patients with brain diseases needed surgery are patients with brain tumor,
brain hemorrhage, spinal cord disorders, central nervous system infection, and patients
with functional neurosurgery (Sabiston, 2001). Patients with brain diseases are unable
to control movement, sensory deterioration, paralysis or hemiparesis, speech
dysfunction, memory loss, or visual loss. These symptoms will increase when patient
does not receive proper management and such patient may be unconscious and dead
eventually. The brain is a fragile organ and is susceptible to physiological changes so
any kind of brain surgery will affect brain tissue. Therefore, the goal of treatment is to
maintain homeostasis and prevent cerebral tissue injury (Tolani & Bendo, 2007).

The aim of the post-operative care for critically ill neurosurgical patient is
to maintain enough blood flow to the brain in order to prevent cerebral ischemia which
will reduce the possibility of disability and dead (Kim, 2006). As a result, the
intensive monitoring, prompt response in correcting nervous system abnormalities as
well as maintain homeostasis in order to prevent complications and consequences are
the most important targets of the post-operative care for critically ill neurosurgical
patients (Steven, 2004).

Nurses who take care of critically ill neurosurgical patients must have
knowledge on pathophysiology of blood circulation and metabolism of the brain. In
addition, such nurses must know the pathophysiology of individual patient who gets
brain surgery in different part of the brain, comorbidity, and nursing management that
affects to the brain after surgery. These information will help the nurses to provide
intensive care and prompt abnormalities detection, including finding a proper solution
in nursing for individual patient in order to prevent cerebral ischemia and cerebral

infarction which will help the patient recover from the brain surgery more quickly.

1.1 Location of surgery

Location of brain surgery can be categorized according to anatomy of the
brain into 2 parts which are supratentorial and infratentorial. Each part of the brain
has different functions, thus different location of brain surgery will cause different
symptoms (Hickey, 2003). As a result, intensive care on physiological changes and

neurological signs after brain surgery in different location of brain then focus on
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concerned complications as well as appropriate prevention and solutions. The location
of brain surgery affects to critically ill neurosurgical patients as given below;

1.1.1 Supratentorial

Supratentorial surgery is the brain surgery at supratentorial
compartment which is located above tentorium cerebelli. The patient who gets brain
surgery at supratentorial will experience cerebral physiological changes (Greenberg,
20006) as follow;

1. Physiological changes that occur from intracranial
hypertension, will decrease patient’s level of consciousness, change vital signs, high
blood pressure or wide pulse pressure, slow down heart rate, and appear abnormal
respiratory pattern (Cushing’s triad). All of these symptoms occur due to repeated
bleeding after the brain surgery (Gerlach et al., 2003), cerebral edema after surgery
(Rasmussen et al., 2004), and hydrocephalus after brain surgery.

2. The physiological changes resulting from seizures after
brain surgery occurs when the operation is done at the area of cerebral cortex,
especially at the frontal, temporal, and parietal lobe (Sperling & Ko, 2006; van
Breemen & Vecht, 2005). Most of the patients have seizures within the first 24 hours
after operation (De Santis et al., 2002) and it will stimulate automatic nervous system
and affect cardiovascular system; rapid heart rate, hypertension and abnormal
electrocardiogram (ECG) (Opherk, Coromilas, & Hirsch, 2002; Sevcencu & Struijk,
2010). The affect on respiratory system is that the patient will experience the
difficulty in breathing, decrease the efficiency of coughing and expectorating which
may result the obstructive respiratory and cause oxygen deficiency to the tissues,
including carbon dioxide retention before, during or after seizures (Devinsky, 2004;
Baumgartner, Lurger, & Leutmezer, 2001). Besides, the higher metabolism of the
brain during seizures will make the brain need more oxygen and if the brain lacks of
oxygen supply, it will be a cause of cerebral infarction (Sperling, & Ko, 2006).

3. The physiological changes resulting from the operation at
the areas of suprasella and hypothalamus, which control homeostasis, blood pressure,
body temperature, and fluid and electrolyte balance in the body (Bear, Connors, &
Paradiso, 2007). A typical fluid and electrolyte imbalance is diabetes insipidus (DI),
which is found 18-31 % within the first 24 hours after surgery (Loh & Verbalis, 2007,
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Nemergut, Zuo, Jane, & Laws, 2005). The DI causes excessive urination, low urine
specific gravity, high serum osmolality, and hypernatremia (Hickey, 2003).
Additionally, it contributes to dehydration, rapid heart rate, and hypotension
(Tanudamrong, Ruengsri, & Wilas-rassami, 2007), in which this will affect on
decreasing blood flow to the brain. In addition, there is a research saying that 1.8-35%
of the patients presented a syndrome of inappropiate antidiuretic hormone (SIADH)
which will result hyponatremia and usually occurs within the first 24 hours after
surgery (Guerrero et al., 2007). Furthermore, when the level of sodium decreases
rapidly, it will cause osmotic fluid shifts and result cerebral edema (Bora & Chaudhry,
2009).
1.1.2 Infratentorial surgery
Infratentorial compartment is a part of a brain located below
tentorium cerebelli and it consists of cerebellum and brainstem. Patients undergoing
on infratentorial surgery are subjected to physiological changes of their brain resulting
from intracranial hypertension like the patient who has an operation at supratentorial
as well as the loss of cranial nerve X function and stimulation of sympathetic nervous
system. It will result hypertension, bradycardia, and abnormal respiratory pattern
(Smith, 2004). However, even a slightly high intracranial pressure in infratentorial
compartment requires an immediate treatment (Greenberg, 2006) it may result cerebral
shift and compress medulla (Tonsillar herniation) leading to respiratory arrest and
death (Nanta-aree, 2009; Hickey, 2003; Kaakaji et al., 2001). In addition,
abnomalities of cranial nerve IX and X may result difficulty swallowing, airway
obstruction, ineffective cough, choking, and respiratory failure. Pulmonary gas
exchange abnormality, low-oxygen and high-carbon dioxide in blood will develop
(Procaccio, Gambin, Gottin, & Bricolo, 2000), and consequently they induce a
dilatation of the cerebral blood vessels and increase in cerebral blood flow (CBF) and
result intracranial hypertension.
Apart from the location of surgery that affects physiological changes of
neurosurgical patient, there are other factors that required risk assessment before doing
the operation. One of these factors is comorbidity that needed to consider such

conditions before proceed the operation.
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1.2 Comorbidity

Comorbidity is a group or a single disease that is found before an
operation and it affects bodily function (Manzella, 2008). Comorbidity that affects
physiological changes in post-operative critically ill neurosurgical patients are diabetes
mellitus (McGirt, 2005), hypertension (Dal et al., 2006; Sansur et al., 2007), heart
disease (Lieb & Selim, 2008) and pulmonary disease (Namen et al., 2001; Sogame et
al., 2008). These diseases will affect to physiological change of a post-operative
patient as stated below;

1.2.1 Diabetes mellitus is a metabolic disease in which the
body does not produce enough insulin or cannot properly use the insulin produced,
resulting in high blood sugar levels. Hyperglycemia occurs commonly in the
perioperative period due to stress of surgery and release of counterregulatory
hormones leading to a state of insulin resistance. It is more commonly found in
patients with diabetes mellitus. Hyperglycemia can be detrimental to postoperative
neurosurgical patients as it leads to generation of idiogenic osmoles which can
aggravate brain edema (Tolani & Bendo, 2007). Furthermore, diabetes mellitus is a
factor that causes cerebral vasospasm in patients with aneurysmal subarachnoid
hemorrhage which in a cause of cerebral ischemia (De Georgia, 2005; Frontera et al.,
2006). Diabetes mellitus affects to the abnormality of blood vessels, therefore,
aneurysmal subarachnoid hemorrhage patient is higher possibility of cerebral
vasospasm after surgery more than the patients whose level of blood glucose are high,
but are not diabetes. As many as 80% of the patients who present cerebral vasospasm
after surgery, are diabetes. Even though, the patients from both groups are provided
with the same treatment for hyperglycemia after surgery (Dumont, Rughani, Silver, &
Tranmer, 2009). On the other hand, hypoglycemia that occurs from the treatment of
hyperglycemia in patients with diabetes also causes cerebral vasospasm and cerebral
ischemia because the brain lacks of energy for metabolism (Naidech et al., 2010). In
short, diabetes mellitus will affect the physiological change of critically ill
neurosurgical patients unless they are kept blood sugar under control.

1.2.2 Hypertension is a chronic elevation in blood pressure.
In 1999, World Health Organization (WHO) defined that a person whose blood

pressure is higher than 140 /90 mmHg is hypertension and the person who is chronic
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hypertension is at risk of many diseases, such as, stroke, coronary heart disease,
kidney failure, aortic aneurysm, paralysis. Post-operative critically ill neurosurgical
patients should receive treatment and control blood pressure to be below 160/90
mmHg in order to reduce the risk of intracranial hemorrhage after surgery (Dimitrov
& Turner, 2005). In addition, hypertension can lead to cerebral hyperemia and it will
cause intracranial hypertension and result the worse change to the nervous system
(Bruder, Pellissier, Grillot, & Gouin, 2002)

1.2.3 Heart disease is a group of diseases related to the
abnormality of the heart, for example, congenital heart disease, valvular heart disease,
cardiomyopathy, coronary artery disease, pericardial heart disease, cardiac arrhythmia.
These heart diseases can lead to congestive heart failure, occurs when the heart loses
its ability to pump enough blood to the body including brain and it is also the factor
that directly affects to blood pressure (Klabunde, 2005). Ineffective pumping of the
heart reduces blood pressure and reduces blood flow to the brain. Therefore,
assessment before, during and after surgery is necessary, especially, in patients who
face problems in cardiovascular system and it is a must to always consult with
cardiologists and specialist for risk assessment before proceeding an operation
(Dimitrov & Turner, 2005). Moreover, anticoagulant therapy in patients with heart
failure increase the risk of intracranial re-bleeding after surgery, especially, in patients
who require emergency surgery, but do not stop using anticoagulants before an
operation. This will increase the risk of morbidity and mortality (Sullebarger, Wymer,
& Holloway, 2008).

1.2.4 Chronic pulmonary disease; also known as chronic
bronchitis, emphysema, chronic obstructive pulmonary disease, is associated with a
progressive and abnormal inflammatory response in the lung. As a result, large
amounts of sputum are produced, and lung efficiency decreases (Sridama, 2007).
Sogame et al (2008) found that critically ill neurosurgical patients with chronic
pulmonary disease were more risk in lung complications up to 62.5%. Such patients
would need mechanical ventilation longer and were at high risk of complications
relating to usage of mechanical ventilation, for example, ventilator associated
pneumonia, ventilator induce lung injury. Namen et al (2001) stated that this group of

patient was more possibility in prolonging the use of mechanical ventilation and was
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low success rate of extubation. The complication relating to the long period of
mechanical ventilation will lead to hypoxemia and hypoxia (Sitthipan, 2004).

In order to reduce risk during and after operation, neurological patient
should be proper comorbidities control, especially, a group of comorbidities that
affects blood pressure, blood glucose, and oxygen as they are the physiological factors

that may lead to cerebral ischemia and cerebral infarction.

1.3 Nursing management of critically ill neurosurgical patients

The purposes of nursing management of critically ill neurosurgical patients
in the first 6 hours after surgery is to prevent cerebral ischemia that is the secondary
brain injury caused by brain cells do not obtain enough nutrition and oxygen supply
which will lead to cerebral infarction (Littlejohns & Bader, 2005). The management
on preventing cerebral ischemia can be done by controlling intracranial pressure to be
less than 20 mm.Hg. and maintaining cerebral perfusion pressure (CPP) at 50-70
mm.Hg. (American Association of Neuroscience Nurses, 2008; Janzen, 2007) These
are critical nursing practice guidelines for critically ill neurosurgical patients in the
first 6 hours after surgery;

1.3.1 Elevate head of bed 30 degree. The head that is
elevated will increase the rate of venous return from the brain back to the heart,
including the flow of cerebrospinal fluid (CSF) from the brain to spinal cord according
to the gravity. It will reduce intracranial pressure. Many studies recommend elevate
head of bed 30 degrees is the best position to decrease intracranial pressure (Bethel,
2005; Fan, 2004; Ng, Lim, & Wong, 2004). Suddhichupaiboon (2006) has developed
the nursing practice guideline in adjusting the degree of bed elevation in order to
decrease intracranial pressure and applied it with critically ill neurosurgical patients
and found that elevating head of bed 30 degree can reduce intracranial pressure, but it
may also decrease cerebral perfusion pressure. From the study of Wojner-Alexandrov,
Garami, Chernyshev and Alexandrov (2005) in stroke patients, they have found that
supine position will promote cerebral perfusion pressure and improve neurological
symptoms. Nevertheless, elevating head of bed 30 degree does not decrease cerebral
perfusion pressure from the previous condition that each individual patient already

obtain. On the contrary, Schwarz, Georgiadis, Aschoff, and Schwab (2002) studied in
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patients with stroke without the condition of intracranial hypertension, they found that
supine position was the best position to promote cerebral perfusion pressure.

1.3.2 Decrease intrathoracic stimulation. High intrathoracic
pressure will cause difficulty in blood circulation from the brain to the heart and result
high intracranial pressure (Dunn, 2002; Arbour, 2004). The nursing practice and
activity that will increase intrathoracic pressure is a suction to clear the respiratory
airway, but this can irritate coughing, muscle spasm and increase intrathoracic
pressure (The Joanna Briggs Institute, 2000). Gemma et al. (2002) found an effective
suction with giving sedation can maintain cerebral perfusion pressure and decrease
intracranial pressure. Each suction should last no longer than 10 seconds with 30
seconds resting before the next suction apply. Each round can do only 2 times of
suction. The suitable pressure in suction is below 120 mm.Hg. The size of suction
catheter should be 1/2 - 2/3 of the endotracheal tube’s size. Finally, suction can be
applied to only the patients with indication, otherwise, it should not be applied
regularly in order to prevent high intrathoracic pressure (The Joanna Briggs Institute,
2000; Price, Collins, & Gallagher, 2003). Besides, it is a must to avoid any position
adjusting that may bend the patient’s neck because it may twist or obstruct jugular
vein and it will obstruct venous drainage from the head through the internal jugular
venous system and the vertebral venous plexus, increasing the total intracranial
content. Hip flexion more than 90 degrees will compress femeral artery, causing
impended blood flow to the extremities and accumulated blood in the abdominal
cavity. This contributes to increase intra-abdominal pressure as well as intrathoracic
pressure (also impairing venous outflow) which will increase intracranial pressure
(Olson & Graffagnino, 2005; Price et al., 2003)

1.3.3 Neurological and vital signs assessment every hour.
Critically ill neurosurgical patients is a group of patients who are at risk of increase
intracranial pressure. This can be assesses by neurological and vital signs assessments.
The early signs that show patients are at risk of increase intracranial pressure are
decrease consciousness, confusion, abnormal pupillary response to light, visual
disturbance, blurred vision, diplopia, fatigue, muscle contraction, headaches, nausea,
and vomiting. During this stage, there is no obvious change on vital signs, however,

the patient’s blood pressure increases. The late signs of increasing intracranial
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pressure are unconsciousness, stupor and coma, dilation of the ipsilateral pupil and a
non-reactivity to light, decorticate or decerebrate posturing, changes on vital signs, for
example, high blood pressure, wide pulse pressure, slow pulse rate, abnormal
respiration, apnea or Cheyne- Stoke respiration (Arbour, 2004; Baker, 2008, Hickey,
2003). Therefore, neurological and vital signs assessment every hour is very
important and can detect and correct any abnormalities quickly with minimizing brain
injuries (Celik, Aksoy, & Akyolcu, 2004).

1.3.4 The measurement of urine specific gravity. Urine
specific gravity is a test that measures the concentration of particles in the urine. The
normal range of specific gravity in urine is from 1.005 to 1.030. The urine specific
gravity is an indication of body water balance. When urine specific gravity is high, it
means the patient now experience the dehydration or urine specific gravity is low
when the patient is experiencing overhydration (Celik et al., 2004; Toenumchai,
Katavetin, Eiam-ong & Eiam-ong, 2007). Urine specific gravity is also related with
urine osmolality. Every increasing of 0.001 of urine specific gravity equals 35-40
mosmol/kg. of water of increasing urine osmolality. A decrease in osmolality resulted
from excessive water consumption will adjust body’s osmolality by absorbing water
into the cells, causing brain swelling and high ICP (Lelamali, 2003). While
dehydration will decrease the volume of water in blood circulation system and
decrease cardiac output which will cause hypotension and decrease cerebral perfusion
pressure and lead to cerebral ischemia and damage to the brain (Pfister et al., 2007).
As a result, the assessment on urine specific gravity is one of the important practices to
detect any abnormalities.

1.3.5 Recording fluid intake and output every hour. This
is one of the means to detect dehydration and overhydration. Urine volume reflect
renal perfusion. Normal urine output in adult is 0.5 ml/kg/hour. Oliguria denotes
inadequate renal perfusion which may result from hypotension, hypovolume, or low
cardiac output (Vechgama, Bangken, Liemcharoen, Wilas-rassami & Jirasiri, 2007).
Despite normal urine output, excessive water intake, poor kidney function, and
congestive heart failure can lead to pulmonary edema and cardiovascular disease.
These affects the nervous system during a decrease in CPP due to hypoxia

(Tanudamrong et al., 2007). Therefore, recording fluid intake and output in critically
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ill neurosurgical patients in the first 6 hours after surgery is essential and can define
the normality body fluid of the entire body systems.

1.3.6 Body temperature control. Fever increases cerebral
metabolism, which raises oxygen and energy demand. Consequently, this leads to
increased cerebral blood flow (Littlejohns & Bader, 2005; Price et al., 2003). In
addition, carbon dioxide and lactic acid obtained from metabolism of the brain can
lead to cerebral vasodilatation and increase intracranial pressure (Hickey, 2003).
Rossi, Zanier, Mauri, Columbo and Stocchetti (2001) found that increased core body
temperature 1is associated with raised intracranial pressure, and vice versa.
Nevertheless, decrease body temperature can cause shivering, increasing brain
metabolism, and therefore raising intracranial pressure (Price et al., 2003). Price,
Mcgloin, Izzard & Gilchrist (2003) stated that there were many studies have been
demonstrated that using acetaminophen to reduce fever was the effective solution to

control shivering in the post-operative neurosurgical patients.

Location of surgery, comorbidity, and nursing management of critically ill
neurosurgical patients have been studied and defined that they are the factors that related
to the physiological changes of critically ill neurosurgical patients in the first 6 hours after
surgery. The physiological changes occur after surgery affect secondary brain injury. As
such, the physiological changes of critically ill neurosurgical patients after surgery are

very important and it is necessary to control and balance such changes.

2. The physiological changes of critically ill neurosurgical patients

after surgery

Immediately after brain surgery is a critical period, because physiological
changes in the body will take place as a result of the surgery and recovery from
anesthesia. Such physiological changes may also be caused by increased oxygen
consumption of the tissue, increased catecholamine secretion, change in blood glucose
levels, high blood pressure and heart rate including body temperature (Tolani &
Bendo, 2007). Furthermore, early extubation, rapid awakening, shivering, and post-

operative pain are also the factors that promote physiological changes that affects
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nervous system (Fabregas & Bruder, 2007). These factors can lead to high level of
body metabolism, increased oxygen consumption, and lead to cerebral hyperemia,
leading to brain swelling within 4-5 hours after the surgery and peak of swelling is
around 48-72 hours (Youmans, 2004). Cerebral tissues may be damaged from retractor
force, blood brain barrier is disrupted resulting in fluid and protein leakage into the
extracellular spaces, leading to cerebral edema and increase intracranial pressure
(Josephson, 2004). In addition, the body’s healing process causes to increase
metabolism that will increase blood circulation to the wound as well as the increase
carbon dioxide and lactic acid will dilate blood vessels, increase intracranial pressure,
decrease cerebral perfusion pressure contribute to cerebral ischemia and cerebral
infarction (Hickey,2003). As such, the purposes of nursing management of the
critically ill neurosurgical patient is to prevent cerebral ischemia by decreasing
intracranial pressure as well as maintain enough cerebral perfusion pressure. In
addition, the intensive nursing, prompt response in correcting nervous system
abnormalities as well as maintain homeostasis can prevent secondary brain injury.

Regarding the physiological changes in critically ill neurosurgical patients,
Claassen et al (2004) studied 20 factors in the group of patients who were aneurysmal
subarachnoid hemorrhage and found the physiological factors that cause disability to
the post-operative patients were mean arterial pressure (MAP), alveolar arterial
gradient [(A-a)DO;], level of blood glucose and bicarbonate (HCOj5'). Subsequently,
they constructed the SAH-Physiologic Derangement Score (SAH-PDS) comparing
with Systemic Inflammatory Response Syndrome (SIRS) and Acute Physiologic and
Chronic Health Evaluation II (APACHE II) found that SAH-PDS could be used to
determine mortality and disability rate at 3 months after subaracnoid hemorrhage,
however, when the patients receive proper management, possibility of disability and
mortality rate will decrease.

Naidech et al. (2006) used SAH-PDS to predict cerebral infarction during
the first two days after subarachnoid hemorrhage in patients with a ruptured cerebral
aneurysm without the development of vasospasm and found that SAH-PDS could be
used to indicate cerebral infarction. Naidech et al. also stated that abnormal MAP,
(A-a)DO,, glucose level, and bicarbonate may be the causes of neurotoxicity leading

to cerebral infarction.
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In addition, Idicula et al. (2008) said that hyperthermia and hyperglycemia
in patients with cerebrovascular disease following thrombolytic therapy may increase
disability. It was stated that physiological changes inducing the cerebral infarction
were heart rate, respiratory rate, and white blood cell count. Each change can predict
the cerebral infarction; however, all the physiological changes, as a whole, do not
relate to the cerebral infarction (McGirt et al., 2003; Schuiling et al., 2005; Yoshimoto,
Tanaka, & Hoya, 2001).

From the above, there are many physiological changes occur to the
critically ill neurosurgical patients after brain surgery. Apart from the above, there are
also a set of following factors that relate to cerebral ischemia which are MAP,
(A-a)DO,, level of blood glucose, and bicarbonate (Claassen et al., 2004; Naidech et
al., 2006) which are described below.

2.1 Mean arterial pressure, MAP

Mean arterial pressure (MAP)is the blood pressure between systolic
pressure and diastolic pressure. It represents the pressure of blood circulation in the
system including the brain. MAP can be determined from diastolic blood pressure +
(pulse pressure/3) or [systolic blood pressure + (2 x diastolic blood pressure)]/3
(Tharaworrapan, Suwittayawat and Puengwicha, 2004). In a normal condition,
cerebral blood flow (CBF) is constant because cerebral blood vessels are able to
change the flow of blood through them by altering their diameters in a process called
autoregulation. They constrict when blood pressure is elevated and dilate when it is
dropped to maintain a constant blood flow. Typically, autoregulation maintain a
constant CBF when MAP is so to 160 mmHg. (Khurana, Benarroch, Katusic & Meyer,
2004). This means cerebral blood vessels dilate in response to falls in MAP to
maintain CBF until a MAP of 50 mmHg. It reached causing maximally dilated
cerebral vessels. At MAP below 50 mmHg., CBF decreases depending on blood
pressure and autoregulation fails, thus causing brain ischemia. Above MAP of 160
mmHg., the cerebral vessels are most constricted and blood brain barrier is disrupted
accompanied by cerebral edema (Rangel-Castilla, Gasco, Nauta, Okonkwo &
Robertson, 2008). For the first 24-hours following the brain surgery, patients’ blood
pressure must be kept under control and their MAP should range from 90-110 mmHg.
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To reduce the risk of rebleeding and cerebral edema because of blood brain barrier
breakdown (Blissitt, 2006). On the other hand, in the case blood pressure of the post-
operative neurosurgical patients drops to be hypotension, it will lead to cerebral

ischemia (Claassen et al., 2004).

2.2 Alveolar arterial gradient [(A-a)DO;]

(A-a)DO, is the different between PAO, and PaO,. It is useful in
determining the source of hypoxemia. The measurement helps isolate the location of
the problem as either intrapulmonary (within the lungs) or extrapulmonary
(somewhere else in the body). The PAO, can be calculated from the following
equation: PAO; = (713 x FiO,) — PaC0O,/0.85. A normal (A-a)DO; is 10-20 mmHg.
(when FiO; = 0.21) and increase at higher FiO, values (Vijitvechpisan, 2004). When
the (A-a)DO; is normal but PaCO; is increased, this reveals hypoventilation, which
can result from lesions in the respiratory center or the administration of general
anesthetics. On the other hand, when PaCO, is normal but (A-a)DO; is increased, it
shows shunt effect. When both (A-a)DO, and PaCO, are increased, hypoventilation
and shunt effect can develop (Vijitvechpisan, 2004; Wiwanikit, 2008).

In neurosurgical patients, hypoxia is caused by pathology in brain or
inadequate ventilation, which result in low PaO, and high PaCO,. Small changes of
PaO; above 100 mmHg. or below 60 mmHg. do not influence CBF and cerebral
metabolism; however, a fall in PaO, below 50 mmHg. induces cerebral vasodilation
due to chemical regulation. During hypoxia, elevation of lactic acid or H™ production
stimulates chemoreceptor in the aorta and carotid sinus nerve. Hypercapnia (high
PaCO,;) causes cerebral vessels to dilate and brain edema, while low PaCO, can
constrict cerebral vessels, leading to reduced blood flow to the brain and brain death

(Khurana et al., 2004).

2.3 Blood Glucose

Blood glucose is the amount of glucose or sugar present in the blood.
Normal levels are between 80 and 140 mg/dl. The blood glucose level is highest after
having meals and have the lowest in the morning after fasting during night time and

before the first meal of the day (Guyton & Hall, 2006). After brain surgery, blood
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glucose levels may elevate due to stress of surgery and released of counterregulatory
hormones. In addition, corticosteroid drug and diabetic symptoms can cause high
blood glucose levels. The result of high blood glucose will lead to brain tissue acidosis
and it will affect the mitochondria in the brain, penumbra lacks of its function and the
brain lose energy and die eventually (Paolino & Garner, 2005; Zygun et al., 2004).
Besides, brain cells will control the balance of osmolality to be equal to the osmolality
of the increased level outside the cells causing by idiogenic osmole. It will transport
water into the cells leading to cerebral edema. Therefore, Blood sugar management is
required to prevent secondary brain injury for neurosurgical patients (Tolani & Bendo,

2007).

2.4 Bicarbonate

Bicarbonate is a chemical (buffer) that keeps the pH of blood from
becoming too acidic or too basic. Therefore, the volume of bicarbonate in blood will
indicate acid-base of the body. In a normal condition, bicarbonate level range between
22-26 mEq/L and kidneys regulate the bicarbonate. When kidney function is impaired
and excretion of bicarbonate is above 26 mEq/L, metabolic alkalosis be developed.
Conversely, when the bicarbonate™ is below 22 mEqg/L due to an inability of the
kidneys to excrete acids from the body, metabolic acidosis is present. In addition,
according to the Henderson-Hasselbalch equation: CO,+ H,O © H,CO; © H'+ HCO5,
HCOs and PaCO, are in the same direction through the lungs’ and kidneys’
involvement. The bicarbonate buffering system is also important for the pH regulation
in human blood. With regard to ventilator failure, the buffering system rapidly adjust
to acid-base balance. In respiratory acidosis, the HCOj' is increased. On the contrary,
respiratory alkalosis causes increased renal elimination of HCO;™ and in turn decreases
HCOj;™ to restore normal pH. A low HCO; indicates either metabolic acidosis or
metabolic compensation to respiratory alkalosis (Vijitvechpisan, 2004). In fact, the
latter found in chronic respiratory alkalosis adds little risk to health following a
surgery (Lewis, 2008).

Metabolic acidosis, characterized by bicarbonate loses, can lead to cerebral
vasodilation and edema (Jones & Walter, 2007). Therefore, the level of bicarbonate

can define the acid-base of the body as already mentioned.
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The above mentioned physiological changes can lead to secondary brain
injury in critically ill neurosurgical patients after surgery. As a result, post-operative
nursing care plan is necessary to prevent the improper and promote the proper

physiological changes in order to minimize loss of the brain function.

3. Relationships among physiological changes of critically ill
neurosurgical patients in the first 6 hours after surgery and related

factors.

3.1 Relationship between location of surgery and physiological
changes of critically ill neurosurgical patients in the first six hours after surgery.

The physiological changes after surgery in the areas of supratentorial and
infratentorial are resulted from the surgical-site bleeding and cerebral edema (Gerlach
et al., 2003; Rasmassen et al., 2004). Infratentorial bleeding causes respiratory failure
that can lead to oxygen deficiency and carbon dioxide retention (Naik & Soo Hoo,
2009; Procaccio et al., 2000). Gottschalk et al (2007) have found that the patients with
infratentorial operation manifested more pain at rest and movement than the group of
the patients with supratentorial area surgery in the first day after the operation. These
pains also result in high blood pressure, which in turn causes an intracranial
hemorrhage after surgery (Verchere et al., 2002). Nevertheless, within the first 24-72
hours after the surgery, the continuous intravenous pain medications are administered
to all of the post-operative neurosurgical patients (Magni et al., 2007).

From the above mentioned reasons, the patients with infratentorial area
operation needed intensive care in ICU at least 24 hours after the surgery, while the
patients with supratentorial area operation can be moved from ICU when there is no
complications within six hours after the surgery (Kaakaji et al., 2001). However, the
patients with supratentorial area operation are at higher possibility in physiological
changes resulted by seizures than the patients with infratentorial area operation
because the surgery that occurs in the supratentorial area irritate cerebral cortex

(Sperling & Ko, 2006). The seizures can stimulate the cardiovascular system and
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cause hypertension (Sevcencu & Struijk, 2010). Moreover, the seizure can affect
respiratory system; the patients will experience dyspnea and airway obstruction due to
decreasing of the efficiency of coughing and expectorating and this will lead to
oxygen deficiency to the tissues, including carbon dioxide retention (Devinsky, 2004;

Baumgarther et al., 2001).

3.2 Relationship between comorbidity and physiological changes of
critically ill neurosurgical patients in the first six hours after surgery.

Comorbidity is any disease that the patient be before the operation and it is
the factor that promotes physiological changes after the operation (McNicol et al.,
2007). The study of Magni et al (2007) found that preoperative comorbidity related
with respiratory system complications which can cause PaO; less than 90 mm.Hg,
PaCO; more than 45 mm.Hg and MAP increase above 30% or decrease below 30% of
baseline in the critically ill neurosurgical patients during the first 6 hours after surgery.
Besides, the literature review shown that the following comorbidities related with the
physiological changes of the post-operative critically ill neurosurgical patients;

3.2.1 Diabetes mellitus. Pasternak et al. (2008) have studied
the group of patients with aneurysmal subarachnoid hemorrhage after receiving
vascular clipping. They found that the level of blood glucose of the patient with
diabetes was higher than the patient without diabetes and the patients with diabetes
were high possibility in disability within the first 3 months after surgery. McGirt et al.
(2005) have studied the post-operative stereotactic biopsy patients and found that the
diabetes patients’ blood glucose were higher than 200 mg/dl on the day of the
operation and were higher possibility in disability more than the patients without
diabetes. The increasing of blood glucose after surgery is a cause of secondary brain
injury which will lead to disability and mortality. As such, the patients with diabetes
must be controlled and maintained the normal level of blood glucose before
proceeding the brain surgery (Tolani & Bendo, 2007)

3.2.2 Hypertension. According to Sansur et al. (2007), a
stereotactic biopsy in hypertensive patients who receive inadequate doses of
antihypertensive drugs or fail to control blood pressure can result in unstable blood

pressure after surgery and cerebral hemorrhage. Their study is consistent with the
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study of Gorgulho, De Salles, Frighetto and Behnke (2005) which reported that 5
patients out of 248 patients after functional neurosurgery suffer from post-operative
cerebral hemorrhage and hypertension was the main risk factor. Therefore, surgery in
hypertensive patients requires controlling their blood pressure to prevent cerebral
hemorrhages after operation.

3.2.3 Cardiovascular diseases affect the ability of pulmonary
circulation leading to abnormality of gas exchange and systemic circulation, which
requires the heart to pump more blood to the body. This links to a change in blood
pressure (Klabunde, 2005). Christians, Wu, Quebbeman and Brasel (2001) found that
67% of the patients who develop atrial fibrillation within the first 24 hours after
surgery were the patients with heart disease. During the phase of atrial fibrillation, O,
saturation was below 92 and systolic blood pressure was below 90 mm.Hg. Neema,
Sethuraman, Singha and Rathod (2008) found that risk factor associated with
myocardial infarction in post-operative neurosurgical patients were heart disease and
related cardiovascular conditions. These patients are at high risk for heart failure
which is the inability of the heart to supply sufficient blood flow to meet the needs of
the body, it is a cause of low cardiac output results hypotension and oxygen
insufficiency. When such patients do not receive proper management, they may
experience cardiogenic shock eventually.

3.2.4 Chronic pulmonary disease is the pathology of bronchus
and lung which will cause a problem of airway obstruction from increasing of mucus
and hypoxia which can be detected by the change on decrease of PaO, and increase of
PaCO, (Rennard, 2008). Sogame et al. (2008) investigated respiratory complications
following brain surgery. They concluded that lung atelectasis, pneumonia, and
respiratory failure were due to pre-existing chronic pulmonary disease (P = 0.004).
Similarly, Fisher, Majumdar, and McAlister (2002) found that a history of chronic
pulmonary disease was associated with respiratory complications after surgery. The
complications result in brain and tissue hypoxia and leading to cerebral infarction.

Hence, complications resulting from comorbidity and pathophysiological
of such diseases affect physiological change of the critically ill neurosurgical patients

during the first 6 hours after surgery.
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3.3 Relationship between nursing management of critically ill
neurosurgical patients and physiological changes of critically ill neurosurgical
patients in the first six hours after surgery.

3.3.1 Elevate head of bed 30 degree.

The previous studies stated that elevating head of patient’s bed
may result hypotension which will decrease cerebral blood flow (March, Mitchell,
Grady, & Winn, 1999; Rosner & Coly, 1986, cited in Schulz-Stubner & Thiex, 2006),
however, recent studies have found that elevating head of patient’s bed 30 degree in
patients with normal body fluid does not affect the change of blood pressure, but it
will decrease intracranial pressure and promote better cerebral blood flow (Schulz-
Stubner & Thiex, 2006). There is a related study that has been done by Ng et al.
(2004). It was presented that elevating head of patient’s bed 30 degree decrease
intracranial pressure significantly (p = 0.0005) without decreasing blood pressure and
oxygen supply to the brain. Thus, elevating head of patient’s bed 30 degree is helpful
for post-operative neurosurgical patients.

3.3.2 Decreasing intrathoracic pressure by suction only when
necessary ,do not applying suction regularly, but to do it when there is indication.
This will help decrease intrathoracic pressure and it will ease the return blood
circulation from the brain (Dunn, 2002). Gemma et al (2002) found that intracranial
pressure will increase during applying suction (p = 0.003) which will obstruct blood
circulation to the brain and it is a cause of cerebral ischemia. As a result, suction
should be applied only when there is any indication and applying proper suction will
also decrease intrathoracic stimulation and reduce the risk of brain damage from
increase intracranial pressure during the suction. Besides, suction also increase mean
arterial pressure because the body responds to such stimulation. The proper suction
will promote gas exchange and increase oxygen consumption to the brain (The Joanna
Briggs Institute, 2000).

3.3.3 Neurological and vital sign assessment every hour for
the post-operative critically ill neurosurgical patients is very important because it can
detect and correct any abnormalities quickly. Neurological assessment will reflect the
change on oxygen consumption to the brain which can be prevented cerebral hypoxia

(Arbour, 2004; Baker, 2008; Hickey, 2003). From the study of Fernandez and
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Griftiths (2005) in assessment and recording vital signs after the operation, it show
that vital signs may vary or swing all the time during the first 24 hours after the
operation, especially, hypotension, and slower heart rate than 50 times/min. Hence, the
proper assessment and recording neurological and vital signs for the post-operative
neurosurgery patients is very important and can detect and correct any abnormalities
quickly with the minimize brain damage.

3.3.4 The assessment on urine specific gravity can be used as
a clinical indicator to indicate the volume of body fluid. The normal range of urine
specific gravity is between 1.010-1.025 but it may raise up to 1.030 in a dehydrated
patients or limited water intake (Tonamchai et al., 2007). The assessment on urine
specific gravity is very useful in cerebral edema treatment because the patient will
receive osmotic diuresis and increases urine output; consequently, body deprives of
water, blood pressure decreases, and urine specific gravity increases. Subsequent
administration of osmotic diuretics requires examination of urine specific gravity and
blood pressure. When urine specific gravity markedly increases or blood pressure
decrease, patients should be stop taking osmotic diuretics and may require alternative
treatment (Celik et al., 2004) to prevent dehydration and hypotension, which impair
cerebral blood flow (Pfister et al., 2007). Therefore, the assessment on urine specific
gravity reflects the change on volume of water of the body and blood pressure.

3.3.5 Recording fluid intake and output is related with the
change of blood pressure. Dehydration causes hypotension because cardiac output
decreases (Wechkama et al., 2007), while overhydration can lead to heart failure and
pulmonary edema (Tanudamrong et al, 2007), in which this condition can result
hypotension and hypoxia which will affect to brain and cause cerebral ischemia.

3.3.6 Controlling normal body temperature affects to the
physiological changes because high body temperature can raise metabolism in the
brain and increase oxygen consumption, increase heart rate and cardiac output.
(Henker & Carlson, 2007) From the study of Revhaug et al (1988), who studied 13
healthy subjects by injecting endotoxin in order to increase the body temperature to
38.5 ° C, they found that the oxygen consumption increased from 306 ml/min to 870
ml/min, heart rate increased from 74/min to 104/min, and the level of epinephrine

increased from 204 pmol/L to 821 pmol/L. This body mechanism occurs due to body
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immune system. However, the patients with cardio-pulmonary system problem are
unable to deal with high body temperature condition and it will lead to hypoxia and

hypotension (Kluger, 1986 cited in Henker, 2007)

Summary

The critically ill neurosurgical patients in the first 6 hours after surgery are
at high risk of complications because it is the period of physiology changes due to
recovering from anesthesia and brain tissue injury after surgery as well as the result of
the pathophysiology of brain disease. The factors relating to the physiological changes
of the critically ill neurosurgical patients in the first 6 hours after surgery are location
of the surgery, comorbidity, and nursing management of critically ill neurosurgical
patients. The physiological factors contribute to secondary brain injury and blood flow
in the brain, leading to cerebral ischemic and brain death. Effective evaluation of
physiological changes, together with proper medical care, can minimize brain damage,
reduce impairment rate and lower mortality rate. However exploratory, this study may
offer some insight into this relationships to develop nursing knowledge include
controlling physiological changes such as blood pressure changes, oxygen, blood

glucose levels, and blood pH.
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CHAPTER III
METHODOLOGY

This study was a descriptive research aiming to examine predicting
factors; location of surgery, comorbidity, and nursing management of critically ill
neurosurgical patients for physiological changes of critically ill neurosurgical patients

in the first six hours after surgery.

Sample
The subjects of this study were neurosurgical patients who underwent
brain surgery and required subsequent six hours of intensive care in the neurosurgical
ICU at Siriraj hospital. During this period, the researcher observed and monitored the
nursing management for the patients.
The inclusion criteria were as follows:
1. Eighteen years old or older
2. The first time for brain surgery in present admission
3. Having one of the following conditions:
3.1 Glasgow Coma Scale (GCS) <8
3.2 Needed for endotracheal intubation or less than 2 hours
after extubation in the operating room
3.3 Mechanical ventilator dependence
4. Having a legal authority to consent to treatment, able to read, write, and
understand Thai language.
The terminations of data collection were as follows:
1. The patient died within 6 hours after surgery.
2. The patients have been received cardiopulmonary resuscitation within 6
hours after surgery.

3. The patients were reopened surgery within 6 hours after surgery.
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Sample size

To estimate the needed sample size for this study, the guidelines suggested
by Cohen (1992) were used. Given a conventional level of power of 0.80, using a 99
percent confidence interval (o = 0.01) and a medium effect size, a minimum sample
size of 97 was necessary (Cohen, 1992). At the day of collecting sample number 97,
there were 4 patients met the criterias. Therefore, one hundred subjects were

approached to participate in this study.

Setting

The data were collected in the neurosurgical ICU, Department of nursing,
Faculty of medicine, Siriraj Hospital, Mahidol University which is a tertiary care
teaching hospital. There are 2600-beds (Siriraj Hospital statistics, 2009). In 2009, 711
neurosurgical patients were admitted to the hospital (approximately 60 patients per
month) and the bed occupying rate for the hospital was 95-97 percent (Neurosurgical
ICU Siriraj Hospital, 2009). Moreover, the nurse-patient ratios were 1:1-1:2.

Research Instrumentations

The instruments for data collection consisted of three main parts as
follows:

1. Demographic data record. Data were collected in this part included
gender, age, marital status, education level, occupation, diagnosis, location of surgery,
Glasgow Coma Scale (GCS) in the first hour after surgery and 6 hours after surgery,
and comorbidity.

The GCS involves three determinants: eye opening, verbal response and
motor response or movement. These determinants are evaluated separately according
to a numerical value that indicates the level of consciousness and the degree of
dysfunction. Scores run from a high of 15 to a low of 3. Persons are considered to
have experienced a mild brain injury when their score is 13 to 15. A score of 9 to 12 is
considered to indicate a moderate brain injury and a score of 8 or less reflects a severe

brain injury (Teasdale & Jenett, 1974 cited in Hickey, 2003) as show in table 3.1.
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Table 3.1 Glasgow Coma Scale

Glasgow Coma Scale

Eye Opening

4 = eyes open spontaneously

3 = eye opening to verbal command

2 = eye opening to pain

1 =no eye opening
Best Motor Response

6 = obeys commands

5 = localizing pain

4 = withdrawal from pain

3 = flexion response to pain

2 = extension response to pain

1 = no motor response
Best Verbal Response

5 = oriented

4 = confused

3 = inappropriate words

2 = incomprehensible sounds

1 = no verbal response

2. Assessment of nursing management for critically ill neurosurgical
patients was used to evaluate nursing management to decrease ICP and maintain CPP.
This form which was used in neurosurgical patients in the first 6 hours after surgery
was composed of the following list:

2.1 Elevating head of the bed 30 degree.

2.2 Correct suction technique.

2.3 Straight head alignment with the body.

2.4 Avoid bending the hip more than 90 degree.

2.5 Hourly assessment of neurological signs and vital signs.
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2.6 Evaluation of urine specific gravity when there is an
indication.

2.7 Examination of body water balance immediately and
hourly after surgery, if there is an indication.

2.8 Regulation of body temperature.

Assessment of nursing management for critically ill neurosurgical patients
was adapted from the nursing practice guidelines for decreasing ICP of critically ill
neurosurgical patients in the neurosurgical ICU at Siriraj Hospital. There was a
checklist format regarding eight nursing managements with 2 levels of score: 1 and 0.
A score of 1 is assigned when: 1) a nurse provided suitable and complete nursing
management, 2) non necessary nursing management required was no indication and
treatment required, 3) medical limitation presented of the patients was the nurse could
not administer treatment because it might conflict with the treatment plan and the
patient condition. Non necessary nursing management required were: adequate
suctioning, evaluation of urine specific gravity, and examination of body fluid balance.
Medical limitation presented of the patients was elevating head of the bed 30 degrees.

A score of 0 was assigned for each of the following answer: 1) suitable but
incomplete treatment, 2) not following the nursing practice guidelines, and 3) did not
provide necessary treatment.

Each nursing management score was the sum of score during a 6 hour
period after surgery divided by the number of actions and the score ranged from 0 to 1.
The total nursing management score was ranged from 0 to 8. High score meant the
nurse provided suitable and entire treatment, while the low score meant neither
suitable nor entire treatment.

3. Assessment of physiological changes of critically ill neurosurgical
patients in the first 6 hours after surgery was used to evaluate alveolar arterial gradient
[(A-a)DO;], serum bicarbonate levels (HCOj"), blood glucose levels, and mean arterial
pressure (MAP). This form was adapted from subarachnoid hemorrhage physiological
derangement score (SAH-PDS), which was created by Claassen et al. (2004). They
studied 413 patients with subarachnoid hemorrhage and found that SAH-PDS affected
mortality and disability rate at three months after SAH (Odds ratio, 1.3 for each point

increase; 95 % CI, 1.1-1.6). The physiological-change score was the sum across
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variables with regard to certain aspects and could range from 1 to 3 points. The weight

was also assigned to a given variable as table 3.2.

Table 3.2 Physiological Derangement Score

Multivariate Physiological
Coefficient Derangement Score
Alveolar arterial gradient > 125 mm.Hg 0.3544 3
HCO35of <20 mmol/L 0.2594 2
Glucose of > 180 mg/dl 0.2529 2
MAP of <70 or > 130 mm.Hg 0.1334 1
Maximum score 1.0 8

A multivariate logistic regression model with forward stepwise selection
was used to estimate physiological derangement score. Chi-square analysis revealed
that physiological change were associated with rates of mortality and disability (chi-
square = 88.99, df =4, P <.0001)

As shown in Table 2, for alveolar arterial gradient greater than 125 mmHg.
the physiological derangement score (PDS) was 3 points. The (A-a)DO, was
difference between the partial pressure obtained from the alveolar gas (PAO,) and
from the arterial blood gas (PaO,), as could be seen by the following equation:
(A-a)DO, = PAO; — PaO;,, PAO,= (713 x FiO;) — PaC0O,/0.85, where PaCO; was the
partial pressure of carbon dioxide in arterial blood. The FiO, was the fraction of
inspired oxygen adjustable by changing the ventilator’s setting. The FiO, varied with
patient ventilation and could be estimate from table 3.3. Plasma bicarbonate (HCOs3")
below 20 mg/dl the PDS was 2 points. An arterial blood gas (ABG) test was used to
analyze bicarbonate content. Moreover, the blood glucose levels determined by the
dextrostrix greater than 180 mg/dl the PDS was 2 points. The mean arterial pressure
(MAP) below 70 or above 130 mmHg. had a PDS of 1 point. The MAP was
determined by non-invasive blood pressure measurement or could be calculated using

the following equation: MAP = [(2 x diastolic) + systolic]/3.
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The total PDS ranged from 0 (The least physiological derangement at
minimal risk of secondary brain injury) to 8 (The most physiological derangement at

increased risk of secondary brain injury).

Table 3.3 Predicted FiO, values and fresh gas flow rates with oxygen-delivery devices

O, Delivery Device Fresh gas flow (L/min) Predicted FiO,
Nasal catheter or cannula 1 0.24
2 0.28
3 0.32
4 0.36
5 0.40
6 0.44
Simple mask (without 6 0.4
bag) 7 0.5
8 0.6
Partial rebreathing mask 6 0.6
(mask with bag) 7 0.7
8 0.8
9 >0.8
10 >0.9




Karuna Shukij Methodology / 38

Validity and reliability of the research instruments

Validity

In this study, the tools used to study patients’ physiological changes after
the first 6 hours after surgery were composed of demographic data record, assessment
of nursing management of critically ill neurosurgical patients, and assessment of
physiological changes of critically ill neurosurgical patients in the first 6 hours after
surgery. These forms were evaluated by five experts (See Appendix A): one nursing
professor, who had expertise in caring with neurosurgical patients; two neurosurgical
nurses; and two neurosurgeons. The result of content validity index was 1.00 and
0.875 for assessment of physiological changes of critically ill neurosurgical patients in
the first 6 hours after surgery and assessment of nursing management for critically ill
neurosurgical patients, respectively. The instruments were subsequently amended

according to the experts’ recommendations.

Reliability

After the tools were validated, reliability studies were undertaken on ten
critically ill neurosurgical patients with similar characteristics as the target group. Two
nurses would use the tools: assessment of nursing management for critically ill
neurosurgical patients and assessment of physiological changes of critically ill
neurosurgical patients in the first 6 hours after surgery, to collect data for the same
patient. An interrater reliability (Srisatidnarakul, 2007) assessment was used to ensure
accurate responses.

- Assessment of physiological changes of critically ill neurosurgical
patients in the first 6 hours after surgery had a reliability value 1.00.

- Assessment of nursing management of critically ill neurosurgical

patients had a reliability value 0.98.
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Data collection

The data collection process for patient recruitment was described as
follows:

1. The researcher submitted the general request form (available at the
Faculty of Graduate Studies, Mahidol University) to the Dean, Faculty of Medicine,
Siriraj Hospital, Mahidol University. This aimed at requesting permission to conduct a
research dealing with human at Siriraj Hospital.

2. The research proposal was sent to the Siriraj Institutional Review Board
(SIRB), Faculty of Medicine Siriraj Hospital, Mahidol University, to be approved. The
data collection would be conducted everyday, from noon to midnight, at the
Neurosurgery ICU.

3. After the research proposal was approved by the SIRB, data collection
forms were sent to the Director of Nursing; Department of nursing; the Head of
Department of Surgery; the Division Head of Neurosurgery; the Head of the Section
of the Neurosurgical ICU; and neurosurgical ICU nurses of Siriraj Hospital. The
researcher explained the objective of this research and the data collection method. In
fact, the researcher would record patients’ information using the aforementioned tools
for 6 hours after their surgery.

4. The researcher performed data collection procedures as follows:

4.1 The researcher selected target neurosurgical patients who
had been treated at the Neurosurgical ICU. The procedures were categorized into two
groups depending on types of patients:

4.1.1 Emergency case patients

- The personal information form was used to
gather the patients’ information

- The assessment of nursing management of
critically ill neurosurgical patients was used

- After six hours of the monitoring period was
over, the researcher met the patients or their families, introduced herself, explained the
purpose and benefits of the study, and asked for the patients’ participation in the study.
In case of unconscious patients, their family members might grant permission to

participate in the research. When the patients regained consciousness, they would then
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be asked to continue carrying on with the experiment. In addition, they had the right to
refuse to participate in the experiment before signing the informed consent form.
Unfortunately, if patients or their family members did not agree to participate in the
research, the previous medical records would be destroyed.

The researcher used the assessment of
physiological changes of critically ill neurosurgical patients in the first 6 hours after
surgery twice: first immediately after surgery and second, at the end of six hours
afterward. A record included nursing records and laboratory test results.

4.1.2 For elective cases which were planned, the
data collection followed the steps below:

The researcher searched the waiting list for
elective neurosurgical patients at the neurosurgical intensive care unit.

The researcher would contact patients or their
families, in the case of GCS below 15 or not fully consciousness. Then the informed
consent form were signed.

Immediately after surgery, the demographic data
record was used by the researcher to gather patient information.

The researcher used the assessment of nursing
management of critically ill neurosurgical patients.

The researcher wused the assessment of
physiological changes of critically ill neurosurgical patients in the first 6 hours after
surgery immediate after surgery and the sixth hour after surgery. The data were
composed of nursing records and laboratory test results.

5. After the procedure of 100 samples were completed, statistical methods

were computed.

Protection of human subjects

To ensure protection of the rights of patients, the researcher considered
three aspects: risks, benefits, and health information privacy. Because this study
involved human participants, the researcher followed the protocol procedures

established by the Siriraj Institutional Review Board (SiRB), Faculty of Medicine of
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Siriraj Hospital. The researcher introduced herself to patients and family members,
explained the purpose and benefits as well as the patient selection process and timing
in data collection and eventually asked the patients for participation in the study. The
patients, including their relatives, could make decision whether or not to participate in
the study at any time, without any effects on treatments and cares the patients were
receiving or were planned to receive. The informed consent was prepared and signed
before the study began. All information collected from the samples were kept
confidential. Access to confidential data was restricted only to the researcher through a
secret code. The data were reported as a group of the sample with no samples’
identifiers.

For emergency case patients, the researcher would inform the patients or
their relatives about the study after an immediate nursing management was mandatory
upon their arrival. It was necessary that data collecting was processed before
explaining the details of the study and asking for participation in order not to sacrifice
the patient’s well-being. After the samples acknowledged the information and agreed,
they would sign a consent form. On the other hands, if the potential patient did not

want to do so, all previous data would be deleted without affecting patient care.

Data analysis

The data were analyzed by computer using Statistical Package for the
Social Sciences (SPSS), as in the following details:

1. Descriptive statistics were utilized for the demographic data, location of
surgery, and comorbidity using frequency and percentage.

2. Mode was used for GCS.

3. Range, mean, and standard deviation were used for the data elicited
with the age, nursing management of critically ill neurosurgical patients, and
physiological changes of critically ill neurosurgical patients in the first 6 hours after
surgery.

4. Spearman correlation was used with all variables including location of

surgery, comorbidity, and nursing management of critically ill neurosurgical patients,
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in relation to the physiological changes of critically ill neurosurgical patients in the
first 6 hours after surgery.

There was no factor could predict the physiological changes of the
critically ill neurosurgical patients in the first six hours after surgery. Therefore,
logistic regression analysis was not used to examine the predicting factors for

physiological changes of the critically ill neurosurgical patients in the first 6 hours

after surgery.
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CHAPTER 1V
RESULTS

This study of predicting factors for physiological changes of critically ill
neurosurgical patients in the first 6 hours after surgery was conducted on 100 patients.
Among these, 99 patients were elective surgical case while only one patient was
emergency surgical case. The results of the study were presented in the following
order:

1. Demographic data of the samples.

2. Data about location of surgery, comorbidity, and nursing management
of critically ill neurosurgical patients.

3. Data about physiological changes of critically ill neurosurgical patients
in the first 6 hours after surgery.

4. Relationships among location of surgery, comorbidity, nursing
management of critically ill neurosurgical patients, and physiological changes of

critically ill neurosurgical patients in the first 6 hours after surgery.

1. Demographic data of the samples.

Table 4.1 Demographic data of the samples (n = 100)

Characteristics Percentage
Gender
Male 33
Female 67
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Table 4.1 Demographic data of the samples (n = 100) (cont.)

Characteristics Percentage
Age (years)
18-30 5
31-40 7
41-50 31
51-60 31
60-87 26

Range 18-87, Mean 53.04, SD 13.15

Marital status

Single 20
Married 67
Widowed/Divorced/Separated 13
Education
No education 9
Primary 40
High school 22
Bachelor degree 25
Master degree and higher 4
Occupation
Unemployed 21
Housewife 16
Retire on pension fund 2
Student 2
Farmer 11
Employee 12
Government officer 24
Self-employed 12
Type of disease
Tumor 87
Vascular 11

Other 2
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Referring to table 4.1, 67% of the samples were female. The sample were
aged between 18 to 87 years with the mean age 53.04 years (S.D. = 13.15). Over a haft
of the samples (67%) were married. The highest education level of the sample were
primary education (40%). Prior to the illness, the samples were government officer,
unemployed, housewife, and employee (24%, 21%, 16%, and 12%, respectively).

Brain tumor were 87% of the samples, followed by 11% were cerebrovascular disease.

Table 4.2 Percentage of the samples categorized by Glasgow Coma Scale (n = 100)

Glasgow Coma Scale (GCS) The 0 hour after The six hour after
surgery surgery

GCS 13-15 44 75

GCS 9-12 19 19

GCS 3-8 37 6

Mode 13 15

Table 4.2 showed the GCS of the samples after surgery. In the 0 hour after
surgery 44% of the samples were at a good level of consciousness with GCS 13-15. In
the sixth hour after surgery 75 % of the samples were at good level of consciousness

with GCS 13-15. Mode of the GCS was 15 in the sixth hour after surgery.
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2. Data about location of surgery, comorbidity, and nursing

management of critically ill neurosurgical patients.

Table 4.3 Percentage of the samples categorized by location of surgery, comorbidity, and

nursing management of the critically ill neurosurgical patients (n = 100)

Variable Percentage

Location of surgery
Supratentorial 79
Infratentorial 21
Comorbidity
With comorbid 46
Hypertension 22
Diabetes Mellitus
Dyslipidemia
Chronic pulmonary disease
Heart disease
Thyroid disease
Hypertension and diabetes

W L D NN R W

Hypertension and dyslipidemia
Hypertension and heart disease 1
None 54
Nursing management
Suitable and complete nursing 75
Incorrect 25
Incomplete 23

Did not provide necessary treatment 2

In the table 4.3, data of the sample showed location of surgery were
supratentorial (79%) and infratentorial (21%). The samples without comorbidity were
54 % and 46 % that were with comorbidity. Hypertension was the most common
comorbidity disease (22%). Most of the samples received suitable and complete

nursing management (75%).
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3. Data about physiological changes of critically ill neurosurgical

patients in the first 6 hours after surgery.

Table 4.4 Percentage of the sample categorized by physiologic derangement score

(PDS) (n = 100)

PDS The 0 hour after surgery The six hours after surgery
0-2 27 38
3-8 73 62

Table 4.4 showed that the physiological derangement score (0-2) of the
samples at the 0 hour after surgery and the 6 hours after surgery were 27% and 38%,
respectively, whereas the physiological derangement score (3-8) of the samples in the

0 hour after surgery and the 6 hours after surgery were 73% and 62%, respectively.

Table 4.5 Range, mean, and standard deviation of data about physiological changes

of the samples

Data Physiological changes

Range Mean S.D.
MAP 58-113 88.94 10.93
(A-a)DO; 46.56-550.29 180.53 124.92
Blood glucose 77-296 167.84 42.22
HCOs3 15.9-31.2 23.57 2.89

Table 4.5 showed that the average MAP, (A-a)DO,, blood glucose, and
HCOs™ of the samples were 88.94 (S.D. = 10.93), 180.53 (S.D.= 124.92), 167.84
(S.D.=42.22), 23.57 (S.D.= 2.89), respectively.
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4. Relationships among location of surgery, comorbidity, nursing
management of critically ill neurosurgical patients, and physiological
changes of critically ill neurosurgical patients in the first 6 hours after

surgery.

Table 4.6 Spearman rank correlation coefficient among the studied variables (n = 100)

Variable 1 2 3 4
1. Location of surgery -.066 -.146 019
2. Comorbidity -.066 .059
3. Nursing management .000
4. PDS -

Table 4.6 presented that there were no relationship among physiological
changes of the critically ill neurosurgical patients in the first 6 hours after surgery,
location of surgery, comorbidity, and nursing management of critically ill

neurosurgical patients in the first six hours after surgery.

Therefore, the predicting factors of the physiological changes of critically

ill neurosurgical patients in the first 6 hours after surgery could not computerized.
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CHAPTER V
DISCUSSION

This research was a study of the predicting factors for physiological
changes of critically ill neurosurgical patients in the first 6 hours after surgery. The
research results were interpreted and the findings were discussed in four parts
according to objectives of the study as follows:

1. Demographic data of the samples

2. Data concerning location of surgery, comorbidity, nursing management
of critically ill neurosurgical patients, and physiological changes of critically ill
neurosurgical patients in the first 6 hours after surgery

3. Relationships among location of surgery, comorbidity, nursing
management of critically ill neurosurgical patients, and physiological changes of the
critically ill neurosurgical patients in the first 6 hours after surgery

4. Predicting factors for physiological changes of the critically ill

neurosurgical patients in the first 6 hours after surgery

Demographic data of the samples

The majority of the samples were female (67%) whose age ranging from
18-87 years (x = 53.04 years, SD = 13.15 years). Eighty seven percent of the samples
were brain tumor and 11% were cerebrovascular disease. This is in accordance with
the study of Nivatpumin et al. (2010) who studied neurosurgical patients of Siriraj
Hospital and found that 79.2% of such patients were brain tumor, while 11.4 % were
cerebrovascular disease. The study found that GCS of the patients at the 0 hour after
surgery was lower than that 6 hours after surgery. Due to the fact that general
anesthesia remains and its effect will gradually disappear within 1 hour after surgery
(Bilotta et al., 2007). As a result, the patients’ level of consciousness during the 6

hours after surgery was higher than the 0 hour that such patients got out of the
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operation room. However, 25% of the patients” GCS score 3-8 and 19% of them were
9-12 on the sixth hour after surgery. The rate of recovering from general anesthesia
depends on various factors, such as, age, type of operation, types of anesthetic agents,
period of receiving anesthesia, patient’s level of consciousness before getting the
operation, and sensitiveness of each patient toward anesthesia (Pasternak & Lanier,

2011).

Data concerning location of surgery, comorbidity, nursing management
of critically ill neurosurgical patients and physiological changes of

critically ill neurosurgical patients in the first 6 hours after surgery

Location of surgery

Location of brain surgery depends on the location of pathology in the brain
(Patterson, Hanbali, Franklin, & Nauta, 2007). In this study, 79% of the samples were
operated at the area of supratentorial, while 21% were operated at infratentorial. It is in
accordance with the study of Nivatpumin et al. (2010) in which their study found that
most of the brain surgery patients were operated at supratentorial area 68.4% and only
31.6 % were operated at infratentorial area (n = 152). Another study also noted that the
areas of the patient’s operation were 82.6% of supratentorial and 16.5% of
infratentorial (Sogame et al., 2008). Due to the fact that the structure and area of
supratentorial covers the wide range of the brain which includes cerebral hemisphere,
thalamus, hypothalamus, basal ganglia and cranial nervel and II whereas,
infratentorial are only consists of cerebellum and brainstem (Hickey, 2009). The most
cerebral artery surgeries have been done in the area of supratentorial because 85-95%
of cerebral vascular disease is carotid system which included anterior communicating
artery, anterior cerebral artery (ACA), posterior communicating artery, and middle
cerebral artery (MCA), while only 5-15% occur in posterior circulation
(vertebrobasilar arteries) (Hickey, 2009; Liebeskind, 2010). As such, there was more
number of patients getting the operation at supratentorial area than the ones who get

infratentorial surgery.
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Comorbidity

The result of the study showed that the samples without comorbidity were
54% and 46% that were with comorbidity. This is consistent with the study of Magni
et al. (2007) who studied the complications of post-operative neurosurgery patients
and found that patients without comorbidity were 45% and 55% of the patients were
with comorbidity. The most common comorbidity of this study was hypertension
(31%), followed by diabetes (10%), dyslipidemia and heart disease, respectively. Eight
percent of the samples were hypertension with other disease; diabetes, heart disease,
and hyperlipidemia; while 22% were with only hypertension. This is consistent with
the study of Honegger (2002) and Sansur et al. (2007). Their studies demonstrated that
the most common comorbidity was hypertension, especially it was more common in a
group of patients with cerebral artery diseases. It is well known that hypertension is
the stimulator of atherosclerosis and the cause of weaken arteries. The higher pressure
of the patients are the more blood circulation obstruct throughout the body and can
cause of cerebral aneurysm and intracranial hemorrhage (Silbernagl & Lang, 2006).
The study of Framingham showed that the patients with hypertension were 3-4 times
risk coronary heart disease and 7 times risk cerebral artery disease, compared to the
normal people. Every 10 mm. Hg. of increasing blood pressure results each 30% risk

of coronary heart disease.

Nursing management of critically ill neurosurgical patients

The study showed that more than 75% of the samples involved in this
study received suitable and complete nursing management, while the rest of 25% were
treated well enough even though it was not a 100% proper nursing management. There
is a clinical nursing practice guideline for critically ill neurosurgical patients after
surgery as well as the nurses are experts in nursing care of critically ill neurosurgical
patients so they are aware of any immediate response to the abnormality that may
occur. The important of post-operative care are elevating head of bed and avoiding hip
flexion more than 90 degree (Fan, 2004; Ng et al., 2004) in which there are supporting
studies stated that this resting position will ease blood circulation (Olsen &
Graffagnino, 2005; Price et al., 2003). Neurological and vital signs assessment every 1

hour, urine specific gravity measurement, recording the volume of water in and out
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every 1 hour and maintain normal body temperature for the critically ill neurosurgical
patients are very important to detect and correct any abnormalities quickly with the
least of damage to the brain (Celik et al., 2004; Arbour, 2004). Most of the possibility
of incomplete nursing management occurred during suction by not supplying high
oxygen concentration and hyperinflation while performing suction. The patients
indicating for suction were unable to hyperinflation themselves before getting suction.
Hyperinflation may have led sputum into the lung. Besides, the person who performed
suction sometimes did not assess the patient’s indication, even though performing was
routine. For example, performing suction every time when the patient is turned
position. However, such practice is suggested for the patients with brain injury,
applying high oxygen concentration as well as hyperinflation is also important in order
to prevent hypoxemia. Suction can not be applied regularly only to the indicating
patients because the suction can increase intracranial pressure and mean arterial
pressure (The Joanna Briggs Institute, 2000; Gemma et al., 2002). Only 2 of the 100
samples were not elevated head of bed 30 degree right after they got out of the
operation room because they were sponge bathed more than 30 minutes which did not
follow the regulation of nursing care of post-operative neurosurgical patients
(American association of neuroscience nurses,2008; Janzen, 2007). This is contrast to
the study of Bethel (2005), Fan (2004) and Ng, Lim and Wong (2004). They noted that
elevated head of bed 30 degree will increase the rate of venous return from the brain
back to the heart and it will reduce intracranial pressure. However, those 2 samples

were elevated head of bed in the next hour eventually.

The physiological changes of critically ill neurosurgical patients in the
first 6 hours after surgery

This study showed that 38 % of the sample group obtained 0-2 scores of
the physiological changes of critically ill neurosurgical patients in the first 6 hours
after surgery, while 62 % obtained 3-8 scores (X =2.61, SD = 1.91) with the following
physiological changes:

Mean arterial pressure (MAP)

MAP of the samples in this study ranged from 58-113 mm.Hg (X = 88.94,

SD = 10.93) which most of the samples were at the normal range of MAP because
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they were controlled blood pressure before getting the surgery. In particular, during
the period of extubation, the patients received antihypertensive drugs. There is a study
stated that 90% of the post-operative neurosurgical patients, blood pressure will
increase during extubation which may cause cerebral hemorrhage after surgery
(Bhagat et al., 2008; Parida & Badhe, 2009). However, following the protocol of blood
pressure controlling after surgery will prevent cerebral hemorrhage and cerebral
hyperemia , and pain management will control to maintain normal blood pressure after
the operation. (Pritchard & Radcliffe, 2008)

Alveolar arterial gradient [(A-a)DO;]

(A-a)DO, of the samples ranged from 46.56-550.29 (x=180.53, SD
=124.92). The (A-a)DO; level of most of the samples (62%) were higher than 125.
However, all of the samples were not hypoxia. This finding differ from the theory
stating that (A-a)DO, higher than 125 will cause hypoxia because pathologically lung
can obtain shunt effect (Vichitvejpaisarn, 2004). On the contrary of this study,
Claassen et al. (2004) who studied effect of (A-a)DO, on outcome after subarachnoid
hemorrhage in 413 patients with subarachnoid hemorrhage admitted within 3 days of
subarachnoid hemorrhage, 43% of patients with (A-a)DO, higher than 125 mmHg
most often result from neurogenic pulmonary edema. The similar study of Naidech et
al. (2006) found that the patients with subarachnoid hemorrhage with (A-a)DO, more
than 125 mm.Hg can result hypoxia and this is the factor of ischemic attack which can
be explained as follow. (A-a)DO, is the average number which can be calculated by
(A-2)DO; = [(713 x Fi0,)-PaC0,/0.85] -Pa0, . There are many variables that effect to
(A-a)DO, ; therefore, it is not accurate to assess at all, especially, fractional inspired
oxygen (FiO;), (A-a)DO, increases when FiO, increases. Age and position are also the
factors that may influence to such calculation (Vichitvejpaisarn, 2004). In this study,
found that the factor that influence to (A-a)DO; was FiO,. During the period of 6
hours after surgery the patients could breathe independently, received oxygen 8-10
L/min via either mask with bag or T-piece, in which equal FiO,0.8 tol
approximately. This can increase (A-a)DO, to higher than normal range, somehow,

patients did not present hypoxic condition.
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Blood glucose

The level of blood glucose of the patients ranged from 77-296 mg/dl (x
=167.84, SD =42.2). All patients were maintained the level of blood glucose since the
moment they were discharged from the operation room. Eventually they were
controlled the level of blood glucose between 80-180 mg/dl. Blood glucose level
which lower 80 mg/dl and higher 180 mg/dl can be detrimental to postoperative
neurosurgical patients. It is stated that blood glucose level higher than 180 mg/dl
would generate of idiogenic osmoles which can aggravate brain edema and is a major
cause of increased morbidity and death in these patients (Tolani & Bendo, 2007). This
is in accordance to the study of McGirt et al (2005) which stated that the patients
whose level of blood glucose higher than 200 mg/dl were more possibility in getting
morbidity than the patients whose the level of blood glucose lower than 200 mg/dl.
While Oddo, Schmidt, Mayer and Chiolero (2008) found that the suitable level of
blood glucose for a brain injury patient was 80-180 mg/dl as it will decrease the risk of
mortality and disability caused by hypoglycemia or hyperglycemia towards the brain
function.

Bicarbonate (HCO3)

HCOs™ level of the sample ranged from 15.9-31.2 (x =23.57, SD =2.89). It
showed average levels of bicarbonate of the patient were normal level. Even though,
only some patients’ bicarbonate levels were below 20 mmol/l. However, they were not
metabolic acidosis because their pH levels were normal or the condition of metabolic
compensation towards respiratory alkalosis with normal or a bit higher level, in which
this condition is not the threat to the post-operative neurosurgical patients (Lewis,
2008).

Therefore, the results of this study showed that all samples were well
prevented towards physiological changes in the first 6 hours after surgery, except the
change on (A-a)DO, that could not be controlled as there were many variables
involve, especially, FiO, that was the uncontrollable factor in this study. So the
physiological changes scores of the critically ill neurosurgical patients in the first 6-
hour after surgery were more than 2. The study of Claassen et al. (2004) and Naidech
et al. (2006) regarding subarachnoid hemorrhage, presented that the patients with

physiological changes score more than 2 were at higher risk to secondary brain injury,
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disability as well as mortality. The patients with (A-a)DO, more than 125 mm.Hg
were the patients with lung pathology due to symptoms and complications of such
disease. However, there were some factors that were not controlled in this study. As a
result, it was unable to conclude that the patients with physiological change score
more than 2 were at higher risk to secondary brain injury, disability as well as

mortality.

Relationships among location of surgery, comorbidity, nursing
management of critically ill neurosurgical patients, and physiological
changes of critically ill neurosurgical patients in the first 6 hours after
surgery

This study showed that the location of brain surgery, comorbidity, and
nursing management of critically ill neurosurgical patients were not related to the
physiological changes of the critically ill neurosurgical patients in the first 6 hour after
surgery. This finding indicated that the location of surgery, the comorbidity, the
nursing management of critically ill neurosurgical patients did not have any effect on
the physiological changes of critically ill neurosurgical patients in the first 6 hours

after surgery. This can be explained below.

Location of surgery

This study presented that the location of brain surgery was not related to
the physiological changes of the critically ill neurosurgical patients in the first 6 hour
after surgery (r = .019, p > .05). From the literature review, it showed that the
physiological changes after surgery that occurred in the areas of supratentorial and
infratentorial were resulted from re-bleeding at the surgical site and cerebral edema
(Gerlach et al., 2003; Rasmassen et al., 2004). Infratentorial hemorrhage causes
respiratory failure and can lead to oxygen deficiency and carbon dioxide retention
(Naik & Soo Hoo, 2009; Procaccio et al., 2000). Gottschalk et al. (2007) found that the
patients who were operated in the area of infratentorial were more pain at rest and with

movement on the first operative day than the group of the supratentorial area surgery
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patients. Post-operative pain causes an increase in blood pressure and this condition is
the risk factor of cerebral hemorrhage after surgery (Verchere et al., 2002). While the
patients of supratentorial area surgery are at higher possibilities of seizure resulting
physiological changes than the infratentorial area surgery patients because the surgery
that occurs in the supratentorial area will irritate cerebral cortex (Sevcencu & Struijk,
2010) and affect the respiratory system. The patients will experience difficulty in
breathing and obstructive respiratory due to decreasing of the efficiency of coughing
and expectorating. These will lead to oxygen deficiency to the tissues, including
carbon dioxide retention (Devinsky, 2004; Baumgarther et al., 2001). However, there
was not any patients in this study re-bleeding during the first 6-hour after surgery. The
patients with cerebral edema, the intracranial pressure were controlled to an accepted
level. Besides, all patients were intensively aware of respiratory failure in the ICU,
especially, the infratentorial area surgery patients. They were still ventilated with
mechanical ventilator continually after the surgery until they could perform normal
and effective breathing. The protocol that used to decrease pain was giving the patients
pain medicine in order that could control physiological changes resulted by pain, such
as, blood pressure and stress response (Giannoudis et al., 2006).

Furthermore, the advancing surgery techniques and tools these days can
navigate to the location of surgery accurately, including minimally invasive
neurosurgery, such as, Navigator (Image guided surgery) which is the computerized
equipment. Therefore, using this navigated equipment with display monitor, small and
deep area brain surgery is specified. Endoscope is a device with a light attached that
used to look inside a body cavity or organ so the surgery wound is small and it is less
affect to cerebral tissue. Microsurgery is a general term for surgery requiring an
operating microscope. This will help surgeon team see more clearly and the result of it
is much better. All these mentioned techniques will reduce cerebral tissue injury and
cerebral edema after surgery (Jung et al., 2006; Lekovic, 2005; Nakao et al., 2003). As
presented, the location of brain surgery is not related to the physiological changes of

the critically ill neurosurgical patient in the first 6 hours after surgery.
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Comorbidity

This study showed that comorbidity was not related to the physiological
changes of the critically ill neurosurgical patient in the first 6 hours after surgery (r =
.059, p > .05). This differs from the previous studies which presented below.

Diabetes mellitus related to the level of blood glucose after surgery. The
study of McGirt et al. (2005) demonstrated that the post-operative neurosurgical
patients with diabetes will develop high level of blood glucose more than 200 mg/dl
and higher possibility in getting disability more than the patients who were not
diabetes.

Hypertension related to the blood pressure change after brain surgery.
The study of Sansur et al. (2007) revealed that the brain tumor with under controlled
hypertensive patients faced unstable blood pressure after surgery and led to post-
operative cerebral hemorrhage. Their study was congruent to the study of Gorgulho,
De Salles, Frighetto and Behnke (2005) which stated that 5 patients out of 248 patients
after functional neurosurgery suffered from post-operative cerebral hemorrhage and
hypertension was the main risk factor.

Heart disease related to pulmonary circulation which may cause the
abnormality of gas exchange and systemic circulation. Compression of the heart to
circulate blood to body organs is the factor of fluctuation of blood pressure (Klabunde,
2005). The study of Christians, Wu, Quebbeman and Brasel (2001) showed that 67%
of the samples developed atrial fibrillation within the first 24 hours after surgery were
underlying heart disease patients. During the phase of atrial fibrillation, O, saturation
was below 92% and systolic blood pressure was below 90 mm.Hg. Neema,
Sethuraman, Singha and Rathod (2008) stated that factors related of develop
myocardial infarction after neurosurgery was heart disease. These patients were risk of
heart failure whenever they received overhydration which caused hypotension,
decrease oxygen consumption. Then, they would experience cardiogenic shock unless
appropriate management was administed.

Chronic pulmonary disease (CPD)is the pathology of bronchus and
lung which will cause a problem of obstructive respiratory from increasing of mucus
and hypoxia which can be detected, that are the change of decreasing of PaO, and

increasing of PaCO, (Rennard, 2008). Sogame et al. (2008) studied the complications
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of respiratory system in post-operative neurosurgical patients. They found the relation
among atelectasis, pneumonia, and respiratory failure after surgery to chronic
pulmonary disease before surgery. Fisher, Majumdar, and McAlister (2002) also stated
that CPD patients were risk of respiratory system complications after the brain
surgery.

In addition, the study of Magni et al (2007) found the relation between
post-operative neurosurgical patients with severe comorbidities and respiratory system
complications which PaO, was lower than 90 mm.Hg, PaCO, was more than 45
mm.Hg, and blood pressure was higher or lower than individually normal.
Nevertheless, this study showed that comorbidity was not related to the physiological
changes of critically ill neurosurgical patients in the first 6-hour after surgery. This can
explain that 99% of the patients involved in this study were hospitalized 1-2 days
(elective case) before getting the operation. These patients were well planned for
surgery. Laboratory check-up regarding the balance of body fluid and electrolyte,
including the pre-related diseases assessment in order to prevent complications after
surgery were performed. The patients’ blood pressure control was done following the
protocol for the management of blood pressure; controlling pain, giving continuous
intravenous antihypertensive drug, getting the consult with anesthetist to apply
antihypertensives drug before extubation, controlling blood glucose level to between
80-180 mg/dl since the first hour after the operation and every 6 hours after the
operation. Maintaining of normal blood glucose by giving insulin through
subcutaneous was done whenever the blood glucose level raised up to over the normal
range. In the case of diabetes patients, they received intensive consult by
endocrinologist before and after the operation in order to control the level of blood
glucose with records on real time vital signs. Oxygen saturation, end tidal CO, as well
as arterial blood gas were done. These performances facilitate prevention and enhance
immediate medical response to any abnormalities. As a result, this study shows that
comorbidity was not related to the physiological changes of the critically ill

neurosurgical patients in the first 6 hours after surgery.
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Nursing management of critically ill neurosurgical patients

Nursing management of critically ill neurosurgical patients was not related
to the physiological changes of critically ill neurosurgical patients in the first 6 hours
after surgery (r = .000, p > .05). This is difference from the previous studies. Head of
bed elevation has been shown to promote venous drainage and decrease ICP. (Moraine
et al., 2000; Ng et al., 2004). Decrease intrathoracic stimulation by not applying
suction regularly, except there was indicated. This will decrease intrathoracic pressure
and ease returning blood circulation from the brain (Dunn, 2002). Besides, the study of
Gemma et al (2002) presented that intracranial pressure increased during applying
suction which obstructed blood circulation to the brain and it was a cause of cerebral
ischemia. So suction also increased mean arterial pressure because the body responds
to such stimulation. The proper suction would improve gas exchange and increase
oxygen consumption to brain (The Joanna Briggs Institute, 2000).

However, this study showed that nursing management of critically ill
neurosurgical patients was not related to the physiological changes of the critically ill
neurosurgical patients in the first 6 hours after surgery. This can explained that more
than 75% of the patients involved in this study obtained well nursing management,
while the rest of 25 % were treated well enough even though it was not absolutely
proper nursing management. Due to the fact that the post-operative neurosurgical
patients in ICU receive proper nursing management within the first 6 hours after
surgery as well as the nurses are experts and specialists in taking care of the patients in
ICU so they are well aware of an immediate response to the abnormality that may
occurred. This is accordance with the study of Fernandez and Griffiths (2005) which
stated that during the first 24 hours after the operation, the patients who obtained
proper assessment and recording neurological and vital signs were saved from
uncontrolled abnormality which may result physiological changes. Although there is
not any study demonstrated the effect of nursing management to physiological
changes as this study. The nursing practice guidelines of critically ill neurosurgical
patients are very likely to improve the physiological changes. As a result, the patients
should receive an appropriate nursing management. Although sometimes there were
limitations such as a lack of medical staff or an interruption to nursing activities,

finally all of the patients will be managed to proper care. Therefore, this study showed
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that the nursing management of the critically ill neurosurgical patients was not related
to the physiological changes of the critically ill neurosurgical patients in the first 6

hours after surgery.

This study showed that the location of brain surgery, comorbidity, and
nursing management of critically ill neurosurgical patients were not related to the
physiological changes of the critically ill neurosurgical patients in the first 6 hours
after surgery. Therefore, there is not any factor can predict the physiological changes

of the critically ill neurosurgical patients in the first 6 hours after surgery.
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CHAPTER VI
CONCLUSION

Summary of the study

This study was a descriptive research aiming to examine predicting
factors; location of surgery, comorbidity, and nursing management of critically ill
neurosurgical patients for physiological changes of critically ill neurosurgical patients
in the first 6 hours after surgery. Samples were composed of 100 critically ill
neurosurgical patients admitted at Neurosurgical Intensive Care Unit, Siriraj hospital
since October, 2010 to January, 2011. The samples were patient 18 years old or older,
first time for brain surgery in present admission and having one of the following
condition: Glasgow coma scale less than or equal to 8, retained an endotracheal tube,
extubation less than 2 hours, and on a mechanical ventilator.

The research instruments were demographic data record, the assessment of
nursing management of critically ill neurosurgical patients and the assessment of
physiological changes of critically ill neurosurgical patients in the first 6 hours after
surgery. These instruments were validated by five experts. The result of content
validity index was 1.00 and 0.875 for assessment of physiological changes of critically
ill neurosurgical patients in the first 6 hours after surgery and assessment of nursing
management of critically ill neurosurgical patients, respectively. After validation, test
observation with 10 critically ill neurosurgical patients in the first 6 hour after surgery
were taken to determine the reliability of the instruments, using inter-rater reliability,
resulted as follows: the assessment of physiological changes of critically ill
neurosurgical patients in the first 6 hours after surgery reliability was 1.00 and the
assessment of nursing management of critically ill neurosurgical patients reliability
was 0.98. The data were analyzed with the computer program PASW Statistics 18 and
presented on percent, mean, standard deviation, and Spearman’s rank correlation

coefficient.
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The findings of this study were summarized below.

1. The majority of study samples were female (67%) whose age ranging
from 18-87 years with mean age of 53.04 years. Over a haft of them (67%) were
married. The highest education level of the patients was primary education (40%).
Most of the samples did not work (41%), 24% were government officers, 12% were
employees equal to percent of self-employed, and 11% were farmers. Majority of them
(87%) were brain tumor, while 11% were cerebrovascular disease. The level of
consciousness evaluated by Glasgow Coma Scale of the patients in the first hour after
surgery and the sixth hour after surgery were 13-15, 44% and 75%, respectively.

2. The patients of supratentorial area surgery were 79% and infratentorial
area surgery were 21%. The patients without comorbidity were 54% and 46% were
with comorbidity. Hypertension was the most common comorbidity disease (22%).
Most of the samples received suitable and complete nursing management (75%) while
25% received incomplete nursing management. The physiological changes of the
critically ill neurosurgical patients in the first 6 hours after surgery, 38% obtained 0-2
while 62% obtained 3-8 scores (X =2.61, SD =1.91).

3. The location of surgery, comorbidity, and nursing management of
critically ill neurosurgical patients were not related to the physiological changes of
critically ill neurosurgical patient in the first 6 hours after surgery (r = 0.019, 0.059,
0.000, respectively, P >.05).

Limitations

This study found that most of the samples were received high level of FiO,
at 0.8-1, the calculated valued of (A-a)DO, was higher than normal, but the patients
show no signs of abnormal gas exchange. Furthermore, the (A-a)DO, were higher than
normal will affected the physiological changes of the critically ill neurosurgical
patients in the first 6 hours after surgery, because the value of (A-a)DO, was unusual
of a high score to 3 points, making interpretation of the physiological changes of
critically ill neurosurgical patients in the first 6 hours after surgery were abnormal

which was inconsistent with the symptoms of the patients.
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Implications and Recommendations
The implications and recommendations of the study of predicting factors
for physiological changes of critically ill neurosurgical patients in the first 6 hours

after surgery are as follows:

Implication and application of research finding

1. Although this study found the location of surgery, the comorbidity and
the nursing management of the critically ill neurosurgical patients did not correlate
with physiological changes of the critically ill neurosurgical patients in the first 6
hours after surgery. Patients need close monitoring and early detection with prompt
institution of corrective interventions to limit irreversible injury from physiological
changes which may occur immediately after surgery.

2. Knowledge of the location of surgery, the comorbidity and the proper
nursing management of critically ill neurosurgical patients in the first 6 hours after
surgery are necessary in controlling the physiological changes in order to prevent and
decrease secondary brain injury that lead to cerebral ischemia and cerebral infraction

results to minimized disability and mortality rate.

Recommendation for further research

1. Almost of the samples in this study were the patients planned for
surgery (99%). Therefore, emergency case, increase the duration of study, and increase
the number of samples are needed to confirm this finding.

2. Other parameters to evaluate blood oxygenation of critically ill

neurosurgical patients in the first 6 hours after surgery should be considered.



Karuna Shukij References / 64

REFERENCES

American Association of Neuroscience Nurses (2008). Nursing management of adults
with severe traumatic brain injury. Retrieved February 2, 2010, from
http://www.aann.org/pubs/guidelines.html

American Association of Critical Care Nurses, & American Association of
Neuroscience Nurses. (2009). Protocols for practice: Monitoring
technologies in critically ill neuroscience patients. London: Jones &
Bartlett.

Auer, R. N. (2004). Hypoglycemic Brain Damage. Metabolic Brain Disease, 19(3),
169-175.

Arbour, R. (2004). Intracranial hypertension: Monitoring and nursing assessment.
Critical Care Nurse, 24(5), 19-32.

Barker, E. M. (2008). Neuroscience nursing: A spectrum of care (3rd ed.). St. Louis,
Mo: Elseveir Mosby.

Battison, C., Andrews, P. J. D., Graham, C., & Petty, T. (2005). Randomized,
controlled trial on the effect of a 20% mannitol solution and a 7.5%
saline/6% dextran solution on increased intracranial pressure after brain
injury. Critical Care Medicine, 33(1), 196-202.

Baumgartner, C., Lurger, S., & Leutmezer, F. (2001). Autonomic symtomps during
epileptic seizures. Epileptic Disorders, 3(3), 103-116.

Bear, M. F., Connors, B. W., & Paradiso, M. A. (2007). Neuroscience: Exploring the
brain. Philadelphia: Lippincott Williams & Wilkins.

Bethel, S. (2005). Neurological dysfunction. In B. N. Cullen (Ed.), Manual of critical
care nursing (pp. 365-368). St.Louis: Mosby.

Bhagat, H., Dash, H. H., Bithal, P. K., Chouhan, R. S., & Pandia, M. P. (2008).
Planning for early emergence in neurosurgical patients: A randomized
prospective trial of low-dose anesthetics. Anesthesia & Analgesia, 107(4),

1348-1355.



Fac. of Grad. Studies, Mahidol Univ. M.N.S. (Adult Nursing) / 65

Bilotta, F., Branca, G., Lam, A., Cuzzone, V., Doronzio, A., & Rosa, G. (2008).
Endotracheal lidocaine in preventing endotracheal suctioning-induced
changes in cerebral hemodynamics in patients with severe head trauma.
Neurocritical Care, 8(2), 241-246.

Bilotta, F., Caramia, R., Paoloni, F. P., Favaro, R., Araimo, F., Pinto, G., et al. (2007).
Early postoperative cognitive recovery after remifentanil-propofol or
sufentanil-propofol anaesthesia for supratentorial craniotomy: A randomized
trial. European Journal of Anaesthesiology, 24(2), 122-127.

Blissitt, P. A. (2006). Hemodynamic monitoring in the care of the critically ill
neuroscience patient. AACN Advanced Critical Care, 17(3), 327-340.

Bora, K., & Chaudhry, M. (2009). Syndrome of inappropriate antidiuretic hormone
secretion. Retrieved May 5, 2010, from www.emedicine.medscape.com
/article/768380-overview

Bradshaw, K., & Amin, Y. (2007). Preoperative assessment of neurosurgical patients.
Anaesthesia & Intensive Care Medicine, 8(10), 418-422.

Brain Trauma Foundation, American Association of Neurological Surgeons, Congress
of Neurological Surgeons, Joint Section on Neurotrauma and Critical Care,
& AANS/CNS. (2007). Guidelines for the management of severe
traumatic brain injury: 3rd edition. Journal of Neurotrauma, 24(Suppl.1),
S1-S106.

Bruder, N. J. (2002). Awakening management after neurosurgery for intracranial
tumours. Current Opinion in Anaesthesiology, 15(5), 477-482.

Bruder, N., Pellissier, D., Grillot, P., & Gouin, F. (2002). Cerebral hyperemia during
recovery from general anesthesia in neurosurgical patients. Anesthesia &
Analgesia, 94(3), 650-654.

Bruder, N., & Ravussin, P. (1999). Recovery from anesthesia and postoperative
extubation of neurosurgical patients: A review. Journal of Neurosurgical
Anesthesiology, 11(4), 282-293.

Bruder, N., Stordeur, J.-M., Ravussin, P., Valli, M., Dufour, H., Bruguerolle, B., et al.
(1999). Metabolic and Hemodynamic Changes During Recovery and
Tracheal Extubation in Neurosurgical Patients: Immediate Versus Delayed

Recovery. Anesthesia & Analgesia, 89(3), 674-674.



Karuna Shukij References / 66

Celik, S., Aksoy, G., & Akyolcu, N. (2004). Nursing role on preventing secondary
brain injury. Accident and Emergency Nursing, 12, 94-98.

Chernov, M. F., & Ivanov, P. I. (2007). Urgent reoperation for major regional
complications after removal of intracranial tumors: Outcome and
prognostic factors in 100 consecutive cases. Neurol Med Chir (Tokyo), 47,
243-249.

Christians, K. K., Wu, B., Quebbeman, E. J., & Brasel, K. J. (2001). Postoperative
atrial fibrillation in noncardiothoracic surgical patients. The American
Journal of Surgery, 182(6), 713-715.

Claassen, J., Vu, A., Kreiter, K. T., Kowalski, R. G., Du, E. Y., Ostapkovich, N., et al.
(2004). Effect of acute physiologic derangements on outcome after
subarachnoid hemorrhage. Critical Care Medicine, 32(3), 832-838.

Cohen, J. (1992). A power primer. Psychological Bulletin, 112, 115-159.

De Georgia, M. (2005). Hyperglycemia and subarachnoid hemorrhage: The critical
care part of neurocritical care. Critical Care Medicine, 33(7), 1603-1609.

De Santis, A., Villani, R., Sinisi, M., Stocchetti, N., & Perucca, E. (2002). Add-on
phenytoin fails to prevent early seizures after surgery for supratentorial
brain tumors: A randomized controlled study. Epilepsia, 43(2), 175-182.

Devinsky, O. (2004). Effects of seizures on autonomic and cardiovascular function.
Epilepsy Currents, 4(2), 43-46.

Dimitrov, D. F., & Turner, D. A. (2005). Perioperative care of the neurosurgical
patient. In S. S. Rengachary & R. G. Ellenbogen (Eds.), Principles of
neurosurgery (pp. 91-97). New York: Elsevier Mosby.

Dinsmore, J., Bacon, R. C., & Hollway, T. E. (1998). The effect of increasing degrees
of spinal flexion on cerebrospinal fluid pressure. Anaesthesia, 53(5), 431-
434.

Diringer, M. N., & Axelrod, Y. (2007). Hemodynamic manipulation in the neuro-
intensive care unit: cerebral perfusion pressure therapy in head injury and
hemodynamic augmentation for cerebral vasospasm. Current Opinion in

Critical Care, 13(2), 156-162.



Fac. of Grad. Studies, Mahidol Univ. M.N.S. (Adult Nursing) / 67

Dumont, T., Rughani, A., Silver, J., & Tranmer, B. 1. (2009). Diabetes mellitus
increases risk of vasospasm following aneurysmal subarachnoid
hemorrhage independent of glycemic control Neurocritical Care, 11, 183-
189.

Dunn, L. T. (2002). Raised intracranial pressure. Journal of Neurology, Neurosurgery
& Psychiatry, 73(suppl 1), 123-127.

Edouard, A. R., Vanhille, E., Le Moigno, S., Benhamou, D., & Mazoit, J. X. (2005).
Non-invasive assessment of cerebral perfusion pressure in brain injured
patients with moderate intracranial hypertension. British Journal of
Anaesthesia, 94(2), 216-221.

Fabregas, N., & Bruder, N. (2007). Recovery and neurological evaluation. Best
Practice & Research Clinical Anaesthesiology, 21(4), 431-447.

Fan, J. (2004). Effect of backrest position on intracranial pressure and cerebral
perfusion pressure in individuals with brain injury: A systematic review.
Journal of Neuroscience Nursing, 36(5), 278-288.

Ferguson, S., & Macdonald, R. L. (2007). Predictors of cerebral infarction in patients
with aneurysmal subarachnoid hemorrhage. Neurosurgery, 60(4), 658-667.

Francony, G., Fauvage, B., Falcon, D., Canet, C., Dilou, H., Lavagne, P., et al. (2008).
Equimolar doses of mannitol and hypertonic saline in the treatment of
increased intracranial pressure Critical Care Medicine, 36(3), 795-800.

Friedman, J. A., Piepgras, D. G., Duke, D. A., McClelland, R. L., Bechtle, P. S.,
Maher, C. O., et al. (2001). Remote cerebellar hemorrhage after
supratentorial surgery. Neurosurgery, 49(6), 1327-1340.

Frontera, J. A., Fernandez, A., Claassen, J., Schmidt, M., Schumacher, H. C.,
Wartenberg, K., et al. (2006). Hyperglycemia After SAH: Predictors,
Associated Complications, and Impact on Outcome. Stroke, 37(1), 199-
203.

Gemma, M., Tommasino, C., Cerri, M., Giannotti, A., Piazzi, B., & Borghi, T. (2002).
Intracranial effects of endotracheal suctioning in the acute phase of head

injury. Journal of Neurosurgical Anesthesiology, 14(1), 50-54.



Karuna Shukij References / 68

Gerlach, R., Krause, M., Seifert, V., & Goerlinger, K. (2009). Hemostatic and
hemorrhagic problems in neurosurgical patients. Acta Neurochirurgica,
151, 873-900.

Gerlach, R., Scheuer, T., Beck, J., Woszczyk, A., Bohm, M., Seifert, V., et al. (2003).
Increase risk of postoperative hemorrhage after intracranial surgery after
early nadroparin administration: Results of a prospective study.
Neurosurgery, 53(5), 1028-1035.

Gerlach, R., Tolle, F., Raabe, A., Zimmermann, M., Siegemund, A., & Seifert, V.
(2002). Increased Risk for Postoperative Hemorrhage After Intracranial
Surgery in Patients With Decreased Factor XIII Activity: Implications of a
Prospective Study. Stroke, 33(6), 1618-1623.

Goldstein, L. B., Samsa, G. P., Matchar, D. B., & Horner, R. D. (2004). Charlson
index comorbidity adjustment for ischemic stroke outcome studies. Stroke,
35(8), 1941-1945.

Gottschalk, A., & Yaster, M. (2007). Pain Management After Craniotomy.
Neurosurgery Quarterly, 17(1), 64-73.

Greenberg, M. S. (2006). Handbook of neurosurgery (6 ed.). New York: Thieme.

Guerrero, R., Pumar, A., Soto, A., Pomares, M. A., Palma, S., Mangas, M. A., et al.
(2007). Early hyponatraemia after pituitary surgery: Cerebral salt-wasting
syndrome. European Journal of Endocrinology, 156(6), 611-616.

Guyton, A. C., & Hall, J. E. (2006). Textbook of medical physiology (11th ed.).
Philadelphia: Elservier

Henker, R., & Carlson, K. K. (2007). Fever: Applying research to bedside practice.
Advanced Critical Care 18(1), 76-87.

Hickey, J. V. (2003). The clinical practice of neurological and neurosurgical nursing
(5th ed.). Philadelphia: Lippincott Williams & Wilkins.

Himmelseher, S., & Pfenninger, E. (2001). Anaesthetic management of neurosurgical
patients. Current Opinion in Anaesthesiology, 14(5), 483-490.

Honegger, J., Zentner, J., Spreer, J., Carmona, H., & Schulze-Bonhage, A. (2002).
Cerebellar hemorrhage arising prospectively as a complication of

supratentorial surgery: A retrospective study. Journal of Neurosurgery,

96(2), 248-254.



Fac. of Grad. Studies, Mahidol Univ. M.N.S. (Adult Nursing) / 69

Idicula, T. T., Waje-Andreassen, U., Brogger, J., Naess, H., Lundstadsveen, M. T., &
Thomassen, L. (2008). The effect of physiologic derangement in patients
with stroke treated with thrombolysis. Journal of Stroke and
Cerebrovascular Diseases, 17(3), 141-146.

Iversen, B. N., Rasmussen, M., & Cold, G. E. (2008). The relationship between
intracranial pressure and the degree of brain swelling in patients subjected
to infratentorial surgery. Acta Neurochirurgica, 150(4), 337-344.

Jantzen, J. P. (2007). Prevention and treatment of intracranial hypertension. Best
Practice & Research Clinical Anaesthesiology 21(4), 517-538.

Jones, S. A., & Walter, J. H. (2007). Diagnosis and treatment of severe metabolic
acidosis. Paediatrics and child health, 17(7), 260-265.

Josephson, L. (2004). Management of increased intracranial pressure: A primer for the
non-neuro critical care nurse. Dimensions of Critical Care Nursing 23(5),
194-207.

Kaakaji, W., Barnett, G. H., Bernhard, D., Warbel, A., Valaitis, K., & Stamp, S.
(2001). Clinical and economic consequences of early discharge of patients
following supratentorial stereotactic brain biopsy. Journal of
Neurosurgery, 94, 892-898.

Kan, P., & Couldwell, W. (2006). Posterior fossa brain tumors and arterial
hypertension. Neurosurgical Review, 29(4), 265-269.

Klabunde, R. E. (2005). Cardiovascular physiology concepts. Philadelphia: Lippincott
Williams & Wilkins.

Kerr, M. E., Marion, D., Sercika, S. M., Weber, B. B., Orndoff, P. A., Henker, R., et
al. (2000). The effect of cerebrospinal fluid drainage on cerebral perfusion
in traumatic brain injured adults. Journal of Neurosurgical Anesthesiology,
12(4), 324-333.

Kerr, M. E., Weber, B. B., Sereika, S. M., Wilberger, J., & Marion, D. W. (2001).
Dose response to cerebrospinal fluid drainage on cerebral perfusion in
traumatic brain injured adults Neurosurgical Focus, 11(4), E1.

Khurana, V. G., Benarroch, E. E., Katusic, Z. S., & Meyer, F. B. (2004). Cerebral blood
flow and metabolism. In H. R. Winn & J. R. Youmans (Eds.), Youmans

neurological surgery (Vol. 1, pp. 1467-1494). Philadelphia: Saunders.



Karuna Shukij References / 70

Kim, D. H. (2006). Principles of cerebral oxygenation and blood flow in the
neurological critical care unit. Neurocritical Care, 4(1), 77-82.

Kinoshita, K., Sakurai, A., Utagawa, A., Ebihara, T., Furukawa, M., Moriya, T., et al.
(2006). Importance of cerebral perfusion pressure management using
cerebrospinal drainage in severe traumatic brain injury. In J. T. Hoff, R. F.
Keep, G. Xi & Y. Hua (Eds.), Brain Edema XIII (pp. 37-39). New York:
Springer.

Klabunde, R. E. (2005). Cardiovascular physiology concepts. Philadelphia: Lippincott
Williams & Wilkins.

Latorre, J. G. S., Chou, S. H.-Y., Nogueira, R. G., Singhal, A. B., Carter, B. S.,
Ogilvy, C. S., et al. (2009). Effective glycemic control with aggressive
hyperglycemia management is associated with improved outcome in
aneurysmal subarachnoid hemorrhage. Stroke, 40(5), 1644-1652.

Lieb, K., & Selim, M. H. (2008). Preoperative evaluation of patients with neurological
disease. Seminars in Neurology, 28(5), 603-610.

Littlejohns, L., & Bader, M. K. (2005). Prevention of secondary brain injury. AACN
Clinical Issues, 16(4), 501-514.

Loh, J. A., & Verbalis, J. G. (2007). Diabetes insipidus as a complication after
pituitary surgery. Nature Clinical Practice Endocrinology & Metabolism,
3(6), 489-494.

Luks, A. M. (2009). Critical Care Management of the Patient with Elevated
Intracranial Pressure. Critical Care Alert, 17(6), 44-48.

Magni, G., La Rosa, 1., Gimignani, S., Melillo, G., Imperiale, C., & Rosa, G. (2007).
Early posoperative complications after intracranial surgery. Journal of
Neurosurgical Anesthesiology 19(4), 229-234.

Manzella, D. (2008). Comorbidity. Retrieved March 3, 2010, from http://diabetes.
about.com/od/glossaryofterms/g/comorbid.htm

Marin-Caballos, A., Murillo-Cabezas, F., Cayuela-Dominguez, A., Dominguez-
Roldan, J., Rincon-Ferrari, M. D., Valencia-Anguita, J., et al. (2005).
Cerebral perfusion pressure and risk of brain hypoxia in severe head
injury: A prospective observational study. Critical Care, 9(6), R670 -
R676.



Fac. of Grad. Studies, Mahidol Univ. M.N.S. (Adult Nursing) / 71

Marquardt, G., Setzer, M., Schick, U., & Seifert, V. (2002). Cerebellar hemorrhage
after supratentorial craniotomy. Surgical Neurology, 57(4), 241-251.

Mascia, L., Corno, E., Terragni, P. P., Stather, D., & Ferguson, N. D. (2004). Pro/con
clinical debate: Tracheostomy is ideal for withdrawal of mechanical
ventilation in severe neurological impairment. Critical Care 8(5), 327-330.

McGirt, M. J., Mavropoulos, J. C., McGirt, L. Y., Alexander, M. J., Friedman, A. H.,
Laskowitz, D. T., et al. (2003). Leukocytosis as an independent risk factor
for cerebral vasospasm following aneurysmal subarachnoid hemorrhage.
Journal of Neurosurgery, 98, 1222-1226.

McGirt, M. J., Woodworth, G. F., Coon, A. L., Frazier, J. M., Amundson, E.,
Garonzik, 1., et al. (2005). Independent predictors of morbidity after
image-guided stereotactic brain biopsy: A risk assessment of 270 cases.
Journal of Neurosurgery, 102(5), 897-901.

McNicol, L., Story, D. A., Leslie, K., Myles, P. S., Fink, M., Shelton, A. C., et al.
(2007). Postoperative complications and mortality in older patients having
non-cardiac surgery at three Melbourne teaching hospitals. The Medical
Journal of Australia, 186(9), 447-452.

Minton, M. S., & Hickey, J. V. (2003). Neuroscience critical care. In J. V. Hickey
(Ed.), The clinical practice of neurological and neurosurgical nursing (5th
ed., pp. 359-369). Philadelphia: Lippincott Williams & Wilkins.

Moraine, J. J., Berre, J., & Melot, C. (2000). Is cerebral perfusion pressure a major
determinant of cerebral blood flow during head elevation in comatose
patients with severe intracranial lesions? Journal of Neurosurgery, 92(4),
606-614.

Muench, E., Horn, P., Bauhuf, C., Roth, H., Philipps, M., Hermann, P., et al. (2007).
Effects of hypervolemia and hypertension on regional cerebral blood flow,
intracranial pressure, and brain tissue oxygenation after subarachnoid
hemorrhage Critical Care Medicine, 35(8), 1844-1851.

Munch, E. C., Bauhuf, C., Horn, P., Roth, H. R., Schmiedek, P., & Vajkoczy, P.
(2001). Therapy of malignant intracranial hypertension by controlled
lumbar cerebrospinal fluid drainage. Critical Care Medicine, 29(5),

976-981.



Karuna Shukij References / 72

Naidech, A., Bendok, B., Tamul, P., Bassin, S., Watts, C., Batjer, H., et al. (2009).
Medical complications drive length of stay after brain hemorrhage: A
cohort study. Neurocritical Care, 10(1), 11-19.

Naidech, A. M., Drescher, J., Tamul, P., Shaibani, A., Batjer, H. H., & Alberts, M. J.
(2006). Acute physiological derangement is associated with early
radiographic cerebral infarction after subarachnoid haemorrhage. Journal
of Neurology, Neurosurgery & Psychiatry, 77, 1340-1344.

Naidech, A., Levasseur, K., Liebling, S., Garg, R., Shapiro, M., Ault, M., et al. (2010).
Moderate Hypoglycemia is Associated With Vasospasm, Cerebral
Infarction, and 3-Month Disability After Subarachnoid Hemorrhage.
Neurocritical Care, 12(2), 181-187.

Naik, T. K., & Soo Hoo, G. W. (2009). Pulmonary edema, neurogenic. Retrieved May
5, 2010, from http://emedicine.medscape.com/article/300813-overview

Namen, A. M., Ely, E. W., Tatter, S. B., Case, L. D., Lucia, M. A., Smith, A., et al.
(2001). Predictors of Successful Extubation in Neurosurgical Patients.
American Journal of Respiratory and Critical Care Medicine, 163,
658-664.

Neema, P. K., Sethuraman, M., Singha, S., & Rathod, R. C. (2008). Perioperative
myocardial infarction in neurosurgical patients: Management issue.
SAARC Journal of Anaesthesia, 1(1), 50-57.

Nemergut, E. C., Zuo, Z., Jane, J. A. J., & Laws, E. R. J. (2005). Predictors of diabetes
insipidus after transsphenoidal surgery: A review of 881 patients. Journal
of Neurosurgery, 103(3), 448-454.

Ng, I, Lim, J., & Wong, H. B. (2004). Effects of head posture on cerebral
hemodynamics: Its influences on intracranial pressure, cerebral perfusion
pressure, and cerebral oxygenation. Neurosurgery, 54(3), 593-598.

Oddo, M., Frangos, S., Milby, A., Chen, 1., Maloney-Wilensky, E., Murtrie, E. M., et
al. (2009). Induced normothermia attenuates cerebral metabolic distress in
patients with aneurysmal subarachnoid hemorrhage and refractory fever.
Stroke, 40(5), 1913-1916.

Olson, D., & Graffagnino, C. (2005). Consciousness, coma, and caring for the brain-

injured patient. AACN Clinical Issues, 16(4), 441-455.



Fac. of Grad. Studies, Mahidol Univ. M.N.S. (Adult Nursing) / 73

Opherk, C., Coromilas, J., & Hirsch, L. J. (2002). Heart rate and EKG changes in 102
seizures: Analysis of influencing factors. Epilepsy Research, 52(2), 117-
127.

Paolino, A. S., & Garner, K. M. (2005). Effects of hyperglycemia on neurologic
outcome in stroke patients. Journal of Neuroscience Nursing, 37(3),
130-135.

Pasternak, J. J., & Lanier, W. L. (2011). Neuroanesthesiology update 2010. Journal
Neurosurgery Anesthesiology 23(2), 67-99.

Pasternak, J. J., McGregor, D. G., Schroeder, D. R., Lanier, W. L., Shi, Q., Hindman,
B. J., et al. (2008). Hyperglycemia in patients undergoing cerebral
aneurysm surgery: Its association with long-term gross neurologic and
neuropsychological function. Mayo Clinic Proceedings, 83(4), 406-417.

Patterson, J. T., Hanbali, F., Franklin, R. L., & Nauta, H. J. W. (2007). Neurosurgery.
In Townsend C.M., Beauchamp R.D., Evers B.M. & Mattox K.L. (Eds.),
Sabiston Textbook of Surgery. Philadelphia: Saunders Elsevier.

Pfister, D., Strebel, S. P., & Steiner, L. A. (2007). Postoperative management of adult
central neurosurgical patients: Systemic and neuro-monitoring. Best
Practice & Research Clinical Anaesthesiology, 21(4), 449-463.

Price, A. M., Collins, T. J., & Gallagher, A. (2003). Nursing care of the acute head
injury: A review of the evidence. Nursing in Critical Care, 8(3), 126-133.

Price, T., McGloin, S., Izzard, J., & Gilchrist, M. (2003). Cooling strategies for
patients with severe cerebral insult in ICU (Part 2). Nursing in Critical
Care, 8(1), 37-45.

Prins, M. L. (2007). Cerebral metabolic adaptation and ketone metabolism after brain
injury. Journal of Cerebral Blood Flow & Metabolism 28(1), 1-16.

Procaccio, F., Gambin, R., Gottin, L., & Bricolo, A. (2000). Complications of brain
stem surgery: Prevention and treatment. Operative Techniques in
Neurosurgery, 3(2), 155-157.

Rangel-Castilla, L., Gasco, J., Nauta, H. J. W., Okonkwo, D. O., & Robertson, C. S.
(2008). Cerebral pressure autoregulation in traumatic brain injury.

Neurosurgical FOCUS, 25(4), 1-8.



Karuna Shukij References / 74

Rangel-Castillo, L., Gopinath, S., & Robertson, C. S. (2008). Management of
intracranial hypertension. Neurol Clin, 26(2), 521-541.

Rasmussen, M., Bundgaard, H., & Cold, G. E. (2004). Craniotomy for supratentorial
brain tumors: Risk factors for brain swelling after opening the dura mater.
Journal of Neurosurgery, 101(4), 621-626.

Rennard, S. 1. (2008). Clinical management of chronic obstructive pulmonary disease
(2nd ed.). New York: Informa Healthcare.

Ropper, A. H., Gress, D. R., Diringer, M. N., Green, D. M., Mayer, S. A., & Bleck, T.
P. (2004). Neurological and neurosurgical intensive care (4th ed.).
Philadephia: Lippincort Williams & Willkins.

Rossi, S., Zanier, E., Mauri, 1., Columbo, A., & Stocchetti, N. (2001). Brain
temperature, core temperature, and intracranial pressure in acute cerebral
damage. Journal of Neurology, Neurosurgery & Psychiatry, 71(4),
448-454.

Sabiston, T. C. (2001). Textbook of surgery (16th ed.). Philadelphia: Saunders.

Sansur, C. A., Frysinger, R. C., Pouratian, N., Fu, K.-M., Bittl, M., Oskouian, R. J., et
al. (2007). Incidence of symptomatic hemorrhage after stereotactic
electrode placement. Journal of Neurosurgery, 107(5), 998-1003.

Schuiling, W. J., de Weerd, A. W., Dennesen, P. J. W., Algra, A., & Rinkel, G. J. E.
(2005). The Simplified acute physiology score to predict outcome in
patients with subarachnoid hemorrhage. Neurosurgery, 57(2), 230-236.

Schwarz, S., Georgiadis, D., Aschoff, A., & Schwab, S. (2002). Effects of body
position on intracranial pressure and cerebral perfusion in patients with
large hemispheric stroke. Stroke, 33(2), 497-501.

Sevcencu, C., & Struijk, J. J. (2010). Autonomic alterations and cardiac changes in
epilepsy. Epilepsia, 51(5), 725-737.

Siesjo, P., & Siesjo, B. (2004). Cerebral metabolism and the pathophysiology of
ischemic brain damage In H. R. Winn & J. R. Youmans (Eds.), Youmans
neurological surgery (Vol. 1, pp. 117-152). Philadelphia: Saunders.

Simon, R. P., Greenberg, D. A., & Aminoff, M. J. (2009). Clinical neurology (7 ed.):
McGraw-Hill.



Fac. of Grad. Studies, Mahidol Univ. M.N.S. (Adult Nursing) / 75

Sithinamsuwan, P., Sithinamsuwan, N., Tejavanija, S., Udommongkol, C., &
Nidhinandana, S. (2008). The effect of whole body position on lumbar
cerebrospinal fluid opening pressure. Cerebrospinal fluid Research, 5(11).

Smith, M. (2004). Physiologic changes during brain stem death: Lessons for
management of the organ donor. The Journal of Heart and Lung
Transplantation, 23(9, Supplement 1), S217-S222.

Sogame, L. C. M., Vidotto, M. C., Jardim, J. R., & Faresin, S. M. (2008). Incidence
and risk factors for postoperative pulmanary complications in elective
intracranial surgery. Journal of Neurosurgery, 109, 222-227.

Sperling, M. R., & Ko, J. (2006). Seizures and brain tumors. Seminars in Oncology,
33(3), 333-341.

Stevens, R. D. (2004). Postoperative care. In A. Bhardwaj, M. A. Mirski & J. A.
Ulatowski (Eds.), Handbook of neurocritical care. Totowa, New Jersey:
Humana Press.

Suadoni, M. T. (2009). Raised intracranial pressure: nursing observations and
interventions. Nursing Standard, 23(43), 35-40.

Suddhichupaiboon, S. (2006). The development of a clinical nursing practice
guideline for positioning reduced intracranial pressure in post-operative
neurosurgical patients. Mahidol University, Bangkok.

Sullebarger, J. T., Wymer, N., & Holloway, D. (2008). Percutaneous coronary
intervention in neurosurgical patients. The Journal of Invasive Cardiology,
20(4), 133-135.

The Joanna Briggs Institute. (2000). Tracheal suctioning of adults with an artificial
airway. Best Practice: Evidence based practice information sheets for
health professionals, 4(4), 1-6.

Tolani, K. A., & Bendo, A. A. (2007). Pevention and treatment of homeostatic
disorders after central neurosurgical procedure. Best Practice & Research
Clinical Anaesthesiology, 21(4), 539-556.

Tondon, A., & Mahapatra, A. K. (2004). Supratentorial intracerebral hemorrhage
following infratentorial surgery. Journal of Clinical Neuroscience, 11(7),

762-765.



Karuna Shukij References / 76

van Breemen, M., & Vecht, C. J. (2005). Optimal seizure management in brain tumor
patients. Current Neurology and Neuroscience Reports, 5(3), 207-213.

Van den Berghe, G., Schoonheydt, K., Becx, P., Bruyninckx, F., & Wouters, P. J.
(2005). Insulin therapy protects the central and peripheral nervous system
of intensive care patients. Neurology, 64(8), 1348-1353.

Verchere, E., Grenier, B., Mesli, A., Siao, D., Sesay, M., & Maurette, P. (2002).
Postoperative Pain Management After Supratentorial Craniotomy. Journal
of Neurosurgical Anesthesiology, 14(2), 96-101.

Vespa, P. (2003). What is the optimal threshold for cerebral perfusion pressure
following traumatic brain injury? . Neurosurgical FOCUS, 15(6), 1-5.

Warnick, R. E., Longmore, L. M., Paul, C. A., & Bode, L. A. (2003). Postoperative
management of patients after stereotactic biopsy: Results of a survey of the
AANS/CNS section on tumors and a single institution study. Journal of
Neuro-Oncology, 62, 289-296.

Wojner-Alexandrov, A. W., Garami, Z., Chernyshev, O. Y., & Alexandrov, A. V.
(2005). Heads down: Flat positioning improves blood flow velocity in
acute ischemic stroke. Neurology, 64(8), 1354-1357.

Wong, A. Y. C., ORegan, A. M., & Irwin, M. G. (2006). Total intravenous
anaesthesia with propofol and remifentanil for elective neurosurgical
procedures: An audit of early postoperative complications. European
Journal of Anaesthesiology, 23, 586-590.

Yoshimoto, Y., Tanaka, Y., & Hoya, K. (2001). Acute systemic inflammatory
response syndrome in subarachnoid hemorrhage. Stroke, 32, 1989-1993.

Zetterling, M., & Ronne-Engstrom, E. (2004). High intraoperative blood loss may be a
risk factor for postoperative hematoma. Journal of Neurosurgical
Anesthesiology, 16, 151-155.

Ziai, W. C., Varelas, P. N., Zeger, S. L., Mirski, M. A., & Ulatowski, J. A. (2003).
Neurologic intensive care resource use after brain tumor surgery: An
analysis of indications and alternative strategies. Critical Care Medicine,
31(12), 2782-2787.

Zygun, D. A., Steiner, L. A., Johnston, A. J., Hutchinson, P. J., Al-Rawi, P. G.,
Chatfield, D. B., et al. (2004). Hyperglycemia and brain tissue pH after
traumatic brain injury. Neurosurgery, 55(4), 877-882.



Fac. of Grad. Studies, Mahidol Univ. M.N.S. (Adult Nursing) / 77

53 AaINA. (2546). Water homeostasis and dysnatremia. 11 g%18 AINWEITIDL, JAAY
Tomansaygy tag 51UA1 AseMIINY (UISUITMS), Nephrology review 2003.
a =)
ATUNNA: WA,
Y] A Aa o o Aa v Aaov Jd o
AUBY ANFTNWUT. (2547). Ventilator induced barotrauma. Tu % ﬂizgiamu, IUNIIA 73
[ Q{ a o w A o
afed uay nqu1 angls (Ussanims), nyhiadinganelgsmans (mih
o w a 4
190-199). NFIUNN: WIBAHIMIWUN.
wusIRAY ¥, Saude vraww, Yseday @oundy, uwa Iawsal, taz A3aTTw 3545
535U, (2550). MsAaMNNAsINe1veiedasnssuazmssziuanuian.
A o o A J o A
Tu quwa TawSal, s 555mina, maune sasaen 1l Ing uaz auwa iuwa
Y
a [ o
Tneta (U3IBNT), AUgIUAREMAAT (VT 405-438). NTUNN: NTUNWITENT.
a o @ a = a a { ' H [
7291 Tanihde, Wans nanny, duIng 1ReN00Y, Az TUBIY BINODI. (2550). N1TATIVAL
9 a wa ~ ' ~ nszl
msutanamsasraneioslfiamslulsala. Tu aume Bendes, e A
1 dy =) a a 4 Aa d a A A A
a41 uay enosa Uszavgnsaail wssansms), Isnla: naln wersassane
o < 4 4 Jd o v A o
MIINYI. NTUNN: NAF LOUA 199310 WUAIAYY.
an ' o 4 [ = ~ a v A :’ ac
TIUN NYMIIA, ¥TaYy (30363, LAz JUNA IAAAN. (2550). MIguamsiazaan Ins
o FIR [ a [ = S W 4 a L4 [
lasludihedaonssy. lu quwa Jaesall, qus S5imina, wauney das
o A a A o s
aon 1 Ins waz auwa wuwalnsa (USSAEMS), WUFILAaemans(via 57-
142). NFAUNWA: NTAUNNIBAS.
Y] v & a a 9 @ [ A o 4 ~ 4
HUNANA NeNINIa. (2543). Maguagireminnadasnssuave. Ty qaisail auaInad uay
qcffﬂ m?mﬁmuqa (‘Uii‘mﬁmi), Current concepts in critical care 2000 (ﬁﬁ”l 640-
Jan a (% a
656). NTANN: AVSUNNIFNAATATINFNEIVID UH1INGIdBUHAA,
s A 4 =1 ad a o o 4
yalo dadadusgs. (2550). sadeuITmMaInenNneIIamans. NTUNHA: GUBUA 10

a

J A A
DULIADT WIRY.

v
a

4 aa a -4 A =~ =
MWD ’Ji]@]iL’J“IfUlW?ﬁﬂ. (2547). mmmmzwmcﬂumm. ATIANN: W 19 ana.

v o = . . Ay J ~ 4 a 1
ATMY UUNDII. (2552). Increase intracranial pressure. Tu gUIAU AUTITNIA, ﬂ;]mm AUNDY,

o J

g v @ 4 a
YN ANITAU LA DTN FYINU (UITUIDNNT), Perioperative critical care

20
)

4

(2 ed., w111 479-493). NTUNWA: 1TOULAINTAUN.
~ v J a a o 4 <3 & a N A =
g1550 5225Wus, Jgan aanenand, uay i Iny Wedw. (2547). a5sInenszuy lvadou

2 a a 4
Tm/m. NTUNN: h],‘1/]EJlIG]iiﬂﬁ‘i/‘liJ‘i/‘l.



Karuna Shukij Appendices / 78

APPENDICES



Fac. of Grad. Studies, Mahidol Univ. M.N.S. (Adult Nursing) / 79

APPENDIX A
LIST OF EXPERTS

1. Assistant Professor Wanpen Pinyopasakul

Department of Medical Nursing

Faculty of Nursing, Mahidol University
2. Doctor Parunut Itthimathin

Department of Surgery

Faculty of Medicine, Siriraj Hospital, Mahidol University
3. Doctor Ekawut Chankaew

Department of Surgery

Faculty of Medicine, Siriraj Hospital, Mahidol University
4. Miss Suvaparp Chantarasomboon

Nurse Manager of Surgical and Orthopidic division

Faculty of Medicine, Siriraj Hospital, Mahidol University
5. Miss Pensuk Yuwapusitanon

Head nurse of Neurosurgical Intensive Care Unit

Faculty of Medicine, Siriraj Hospital, Mahidol University



Karuna Shukij Appendices / 80

APPENDIX B
CERTIFICATE OF APPROVAL

2 PRANNOK Rd. BANGKOKNOI Tel. (662) 4196405-6

BANGKOK 10700 FAX (662) 4196405

MAHIDOL UNIVERSITY
Skneg aner
Siriraj Institutional Review Board

Certificate of Approval

COA no.Si 492/201(

Protocol Title 3 Factors predicting physiological changes of eritically ill neurosurgical patients in the first six hours after
Hllrgt:r_\
Protocol number :  S01/2553(EC4)

Principal Investigator/AMiliation © Mrs Karuna Shukij

Faculty of Nursing, Mahidol Univer
Research site Faculty o Medicine Siriraj Hospital
Approval includes :

1. SIEB Submission Form

Proposal

i Paricipation Information Sheel

4. Informed Consent Form

3. Case Record Form

6. Principle Inve: s curriculum vitae

Approval date September 22, 2010
Expired date Seprember 21, 2011 |

This is o centily tha Siciraj Institational Review Board is in full C se with I Guidelines For Human Research

Protection such as the Declaration of Helsinki, the Belmom Report, CIOMS Guidelines and the Imernational  Conference on

Harmonization in Good Clinical Practice ICH-GCP)

—  W— S 27 3
% i b Z September 27, 2010

(Prof Jariya Lerakyamanee, M.D.) dare
Chairperson

T Kt October 1,2010

(Clin, Prof, Teerawat Kulthanan, M.D.) date

Dean of Faculty of Medicine Swrivaj Hospital

iRy TsamennefiT s 2341 /3,000 usu / n.o 51/ Mat, 10023252



Fac. of Grad. Studies, Mahidol Univ. M.N.S. (Adult Nursing) / 81

APPENDIX C
INFORM CONSENT FORM

wWilsdonaAIanIBUERNINIINIATIMTIVY

AU DU TR I

9 Y =

BVTID Ve e e e e e e e e s e e s R [ 1)
100G TIIUEUN. ... UM oo UIVAIUBD e,
BUA/DUND oo, N, o1 YOO s lUsHG. o

] 4
TTFENI e,
a Y a v d‘ (% o d'

VOUAAILIAUITUIDUIVITIN IATINITIVOT 04 “Tadesiiurenislasuuilainig
a3smenvesiledasnssulizamszezinga 6 ¥ luausnaenaiiag”

Tagdd 1dsunswseazideanernuiuuazyayarnelunsiite s10azidoa
3 1 A 9 a va A Y o a oA P 1 Yo a o
Junouaee Nazdesfianie lasumsfia dszlenifiarniieg 1dsuvesnsite waz

v v Y Y

ANUABINDIVILAATUDINNTITNITINATITE TIUNUUINT o aiUazud lunnaduns1e
d?’ 1 9 ~ 9 9 9 v A 1 Y 9 A = 1
Ju A lgneidrmiiinzdessurarvouiees Tnslasudeanunisieazideaodluenals
dy Yy 9 1 a o = QaJJ (% Y o o a 9 [ [} 9
Fuaadidnsounisitelagaaon dninedelasudiesulonazaoudedadenIniani

Aav g 1
TaseamsdssiluniGeusosndn

9 Y =K o Y av dy
1913 193 luTasans el

4
14 v W

Y 29 9 >~ awv A a 9 = A (=
NIV LYo V09 19NN VT UADUUBINITIVY Wﬁﬁ)WWﬂmﬂNﬁ‘lﬂﬂlﬂﬂﬂﬂqNW\?

9
aov K

o [ a 1 [ a Y]
Uszaaninnsadedunudind S1mdrazaivisodadeny WIInguT gne Wil
Aav { % 4 o
Tasamsdde'ldn Tnsdws 085-9501081 aaon 24 2114

R L A way = v g o ¥ a9 9
ﬁqﬂ"’U']W!fﬂ']llﬂTUﬂ1§ﬂaU@]ulll@]ﬁ\‘]@n?fﬂ3$ullaclul@ﬂﬁ']islﬂmqIﬂl"’lnﬁjilﬂ'lﬁ'lfﬂﬂ YINLD

1 [

msafanefulIzsIuAMLNTINMTITesITuNT e Tuauldn d1uinnuauenITums
Y
¥30555uMIIteluau Aneqasa¥InTy Fu 6 15INe1U1aA331% TNTANN 02-4196405-6

N385 02-4196405

R T 2 a Sdy oy Yo ¥ A a o v ¢
EIHWthlﬂ‘V]i’]‘llﬂ\jﬁT]ﬁ‘V]"U”IWH]’]i]gllﬂ5‘]JBUﬂy’alwul’@NVNVI'NﬂTUﬂﬁgiﬂsﬁuuﬁSImBﬁ]']ﬂ
Y

Y 1 ao @ A av Y A vy Y Y
NITLVITIUNITIVY Llﬁ$fﬁll'lﬁﬂﬂﬂl!@]Tﬁ3@QﬂlﬂlTﬁ?NﬂTi?ﬁ]ﬂllﬂmﬂlﬂJ@TﬂElllll@]ﬂﬂllﬁ]ﬂslﬁ‘ﬂi"lll



Karuna Shukij Appendices / 82

annihvieszymana lages lullnansznuaemsuimsuazmssnyineruiandimdieg
Yo 1 a Yyaw q Iy ' o v Y Ay Yo Ao '
lasuaeli/luounn nazgusenldfivelddoyadiudrvesdimdnlasuonnmsite uaaz
[l (N [ 0 <3| av ' 09/'
limenwsaomssaziuneyana Taseziinaueiiludeyalassimanmsidemniu
Yy YyuYyaqg v £ g Ao o a a
s Iddn ladonnuluenasFussdidns .wms e nazmilsdonaassnuisusoy

2. Y = A A gy
UIﬂﬂ@]ﬁﬂﬂLLaﬂ ﬁ]\ia\‘la"lflllﬂﬂf@hl?

AQHD oo giinswmsive/funulaereusssy
(v )
v d‘
TUN .
d' a Y] Y awv
BB A viveyauazvenNEUsEN/ MM 1ATINITITY
(cerreeeeeeeeemmmssss s )
- d‘
TUN e
~A9Y Y Aav 1 [ v A 9 9/::‘ J 9 3 9 9 1
Tunsdigdrsrumsiteliansaemumisde 1 dnewdeanunsuaunudidis
av A
ATIVY AD.eerreeeeceeeeeeeesss e

= WY A A v 3
22 1 dasaeiiode IAiluneu

AIHD e neu
(cerereereeeeres e )
-5 d'



Fac. of Grad. Studies, Mahidol Univ. M.N.S. (Adult Nursing) / 83

APPENDIX D
PARTICIPANT INFORMATION SHEET

,; Yy Y 1 a v
PNAIBHUIIRIVITINNITIVY

dy = d' 1 1 9y o () ] Y aov
lwenaistionalveanunmuoiuudrdalaudnla Tilsaaeuouiiniinlasanisise

A 9 Y a U Y a dy Y ' A A =2
’Hi’f]Ejl!“l/luelﬂ"]ﬂﬂﬁ]‘ﬁﬂ'lt’li]uﬂ’J'Ii]%L"ll'l‘lft]ﬂ ‘mumimwmaﬂ’miuﬂau“lﬂmuwmmwaﬂiﬂm

A o

wisedug Ao euaiin unnddszdrdrvesiig wieunndriiudu iesreluns

Faduludnsiumsive

Folnsamsite Hlaserinnemsndeunamadisinewesdihedasnssulszam
52823090 6 51 Tuausnaendrda

FortamihTnsamsdde  wengan g

4

aoUNIdY vofthe'le.3.9.1)szamdasmans Tsane1nnadssas

[ a \

H o (v} d w a H :3
FUNNN UM HINERUVINIANNUB TN AT INTIVLNAAAD IANT LAz U NIATIFMS
=1 [ o a 13 an
lo.8.g.1l5zendasmdas Anaeriiunssu 4 Tsane1uads s
VNNONTIDE NTUNHA 10700 TN 085-9501081, 02-4197937-8

Y v

a W =
Raiiuayuniide Taidi

[

a v =
szazalumsivg 610w
av dw [ dq, d‘ =2 =K o [ o 1 1w 1 [
TasamsIdeHmvmwe Any1daileds dumisveamsmida 0122150390 HAazNI5IANS
numsnenafihedasnssulszamszezinga 6 Faluausnaenasiidanasniie
d‘ 1 91 o‘/ (Y] LY
manlasunlaimesmevesgihelsassuulszamanedlusses 6 92 Tnausnmerdnida
lan5el4 od1als
da (Y] (Y] | '
Usglawinmanieglasuanmsive fe Idunumalumsnumumsquadihelsaszuu
Uszamavesluszozinganiendwinde ouguaindszdniamlunisquadile aa
9 d' a dg’ v 1w 4! a g Y
ANZUNINFOUNILIAATUMBHTIRIAR Fao19vzinalse Tewiaedt e Tsnszunlszamaues
a 2 ) U d’ 1
srezInganenasiidanuau q aelillueuina
J Y A Y Y 1 Ay A ' I Y Y Yo o
milasuggldinsiumsideimst  mudludihelsassuulssamanesi lasumssnm

9 ] de'ﬁ} Yo [ 1 1 zﬂ' [ o/d!d A v 1 dytﬂ
ﬂ’JEJﬂ']ﬁN'lﬁﬂ“l/]@]’l’)\illﬂillﬂ']'ing'lig'N’E]fJ"I\W]’f)L“L!ENfﬂﬂ‘ﬁa\iNT@@“BQMﬂmﬁNUﬂﬂﬂﬁﬂqﬂuﬂﬂ



Karuna Shukij Appendices / 84

=) 1 =} ] (% =)
1. #owgunnImIominy 181
9 o Y 3 as.l‘ ~ Y o Y] 09/’ dy
2. WsuMsEdaaueuuasan 1 veamsiIsumMssne v Isanenuia luasail
9 9 [ [ Y 1 1 d‘ d‘ v uﬂy )
3. doamamahszTamendeidandanolilog ioannde liduanesziu
9 =R A 9 1 1 A 1 [} Y (Y
anuian vsedelsverremelalumsniely nseneanerieriieleainnesrida

o 9

1'liAu 2 9279 B edidpamInan o eviie lan1endraa

Yy vy 9
Ao 4

Tagazldidns ammsIdeiineduiszunm 97 510
A\l v A Y I ay k4 433 Aav v 1\ ngd
wmnmuaaauladnsumsIvend azlivuneumsidanne liiine
Jaw o v =R 9 wa 1 £ 9y Y 1 dy
1. aveiimstiuiindeyannuitulsy avesiu dulsznoudedeyase lUi
1.1 Yoyadruyaaa TAun Wl 819 AOIUNNAUTE TTAVNITANYI 0ITW N3
Aanelsn Msrda AunusveImsiida 111z 15A590 s2AUANNEANAMTNTUIINH DI
HIdALaZINoATY 6 51 1B AINIAR
9 A 1 ) v 1w o
1.2 veyamsnlasuutlasvessumeluszes 6 ¥ luausnmendasinda Tagiiins
v =y 2 Yy & o A y Y 1w g A
unndeya 2 aA59 laglyveyansausnnnHanIsnIIIAlBLINFUINHBIHIAR LazATIN
I o A o v 1w 9
aoudunansnsiaiawensu 6 11 luamenasida Uszneuaie
U [ a 1 Yo [ [ a L] Y
12.1 annwanTada Tagniuez lasunmsiannuaulaiaedradesnn 1
) v o 1 Y = 1] S & I
#7119 aunsziIsImeenvinelilie lo.d.g.dssamdasendas suilunisweiuia
auilna
T oY A 1 Yo A A
122 mmalwdeauns Taemuvz lasumsgaionsnaisaiuvaoaiaon
A Y v 1 Y 1 o o ! z v 1w
uaai Idsumsldludesidasuauilszinm 15 vea domsnsdn 1 ase lunendasrida
J Y 1T &Y A v Y qﬂjl 1 @ M £
muaz lasumsasrvmmaludeauatediados 2 a59 vnunn 6 51109 Fuumsasim
Snmmennaswinavesdiheluszezingamendimsiidaaues
1 g’ A 1 Yo A iy o 3 9
123 anhaalwdea Tagnuaz ldsunmszidentarsiiswiuanies
] Y
measszaviimaludeanuuniiunaiui lumondwiidaniuag ldsunisasie a
g/ = ' 9 qu ] @ ) £ g @ a
Wmaluaeaed1atios 2 A59 HIAUND 6 $3 119 FuTunsasrsnymeIanuilnaves
Atheluszezinganmondimsmdaaues

v 9y
2. veimhimsdunasaziiuinnenssumsiufidvesneianljiiaaemuaua

=pdvy

UTNSVIUATLNIATY 6 T2 TNINIHAINIAA
A 9 1 ] X o v 1w d!
FWTEEZMNMIIUARII WY I TaTansITaluszezal 6 52 TuaN1enaHIAR 4
Tasdnadihelsaszvulszamauesluszezingamenasiidadeudisumsiny luve

f1hele.d g Uszamdasmansiuna Tasmas 24 $2Tus



Fac. of Grad. Studies, Mahidol Univ. M.N.S. (Adult Nursing) / 85

d‘ d‘ a 5 d‘ Al av 1T = A Ja o o
ANNAUINDN1VITNAVHINDIVIFINNITIDE hliJlIﬂ’JHJL’ﬁEN IHOIVINRIVYISNINIG

v =< 9 A

Tuiindeyan ldnnuiulsgianazmsdunananssumsdfifuesneruranl fiiadeniu

U

J J 9 [
ALALTNTUINHBNAAIUNTZNIATY 6 F1 Tnamenderindamniy Tutinsdanseiila q A

Qe

A v Qd‘ Y a v 1w Yo
Llf]ﬂmuﬂll‘ﬂﬁnﬂﬂﬁﬁﬂH1WEJ”I‘]J1a¢nll‘]Jﬂ¢WIQ‘]JTJﬂTiﬂﬁiJi’Ni‘LlﬁS833ﬂﬂﬂﬂ1ﬂﬂaﬁﬂ1ﬁﬂ%$1ﬂiﬂ

1 I 91 Ay YR KX o ] Y9y 1920 9 Y 1 a
pe19 lsnamingsauives anoasauaz luauielylumsIideyaundave did1swd

U

[

=,

=
guan

% a
A o aw Y 1o & 9 Ja v 1
1/]Fl]gﬂ'ﬂuﬂ'J@’f]ﬂi]'lﬂﬂ'li')i]ﬂhlﬂ@aﬂﬂna'l LL@%“N%TL’IJH@@QU@T‘ILW@Nall,ﬂlﬂ'ﬁ]fl Iﬂﬁlul‘JJ

22D

Y Y
wansznula o Medudemssnyimeuialuilagiunaz luewnaa
| Ty v a v dq’ ] < Y] d‘ an U w
winmulinsnlulasanmsddad mudezlasumsasiamem NNy uazsnu
v aa A ¥ A o Yy A
Tsavaamumadsmsifwnasgiu laun manerwanulndvesnerviailszsmedien
Hanudermydisumsquadielsaauesluszezinganionadkida n15as19azNs
[ d Y Y a
Sam1nunnddves lauay
v DY Y d' d' Y U a v = a Y = d‘ 1R
winMuivodoslonazaauauneIVoInUNTIVY HIvHINMDANAT 1AL AN 11N
d a v a [y Q:I o Aw Y
Usza9n01nm s3Iy MUTIMNIOAAADHININADA 24 T AABAIZEZIIAINIFIIITY MINT
| - [y d ,;
oEUAZIVDI I NIANNALH
4390 Wangan YN
d‘ ld' a 1 9 ~ [ = a :(qu’ an
Noghaunsnanae la: lo.3.g.1szamdasmans Andendunsdu 4 Tsanennads sy

U

UNNOATIDE ATANWD 10700 1UDT 1NT 085-9501081, 02-4197937-8

awdﬂld ~ < 9 [ Q/:JI deyd (= 9
musetiiluisamsnudeyannmainymenina aaiunuiteidlulia ldaele
ALDINMITTNEININUINTF I
dd‘q v Yo a v 9 Aav qﬂjl dy o
szlavrinaanozlasuainmaday mansnlumsddeluasatidse Tewi laeasa
A Yo A AA 9 9 A [ A 1 [
amueglasune lunsaiimudessmsnidoyanernumsilasuniasvessamenienas

@

189 ArLUeIMIHIae 0111 15A50 wazfInssumImMsweua ez Idsudeyasin

e Do

100 uadIuveImsquanazunumsinuug ldsunnneuialszdmoedienazan
E4

4 [ 1 a Jd 1 1

unndivedldTaeass wansdaner Tassavezdliinals Temidenulasasaluvmez il ua
' ' d 1
doyan lavinmuazldiudeyalumsnwmwumsquadihelsaszuulszamavesluszes
Inganenasiidn ierugannlszansnmlunmsquadihe sreaanzunsndeuiag
a 42’ v 1w dycu 9 I 9 Aa v < A A a 9 o
iavuneradiiaa uenanidilmiuteyanisivelulssiaudugninedvesnunis
d‘ 1 a [ LY d! =) 1 dy Y d‘

nlaguuasvessaneluszezIngamenaiiidadainadenislunievegiie taziie

) 9 yasd 2
W@Jlu'lﬂmﬂ'l‘Wﬂ'ﬁ@jlmFjﬂ?ﬂiﬂ@ﬂﬂﬂluiu@u’]ﬂ@



Karuna Shukij Appendices / 86

v v Y 9
Tumsinsrumsiveluasainmuludoudealsselag Weduuazniueg 1ulasy
maauunulag
U EAl d‘sl Y 1 a v Y v A =) Y < 1 qgj dy
aldneiigansinmsiduazdesTuRaveues Av AsnyIMe1alumsuensil
9 [ v U [V 1 Qs}l U Y A A A 9 [ a Y o
1duna1en A1e1115 uazArdaa1eg 5 199189u NNEIVoINUNITIAUNIIN T
U d'
M3sprIn Tsanenna
Ay A A o 9 s A A Y} o Ay A Yaw Y v
wintlideyananniaulsy Teminaz InuMinerdesiumsitedl §Ideazudale
< 15 ]
n911 Taesasuas lutlaiia
9 ' o Y Y av 3 o Y 1A 1 I
Joyadiuaivesfiinsumsive wrgninusny A lae luilamesoa1s1suziuse

9

1 av g 1 1
yana uavzsrenuramsaiudeyadiusiulaeluawnsoszydoyasioyanald Joya

U q U

IS 1

Y g av Y Y 9Jq ¥ Aav
GUENIﬂl(’lﬂﬁﬂﬂﬂh"ﬁ]EIHJL!51&uﬂﬂﬁf]1%llﬂill3‘14‘?1?]ﬁUWQﬂQMLﬂIWNW@i?%ﬁ@UVlﬂ LYY Qi‘l’iﬂlﬂﬂﬂ

o A J o Ao Y A == a awv <
ADIUU HIDDIANTUDITINUHUINATIVADY FINDIAUENTTUNTITO5TIUMTIVe TuAY 1Ty

9

au
Y Y Ay Aaa @ au A Iy ¢ 19 9 Y
Adhsammsitelidnsooudrooninlnsimsiteiielan 14 Taslidewdeldnsiy
1 9 T 9Y a o A % a v dy = 1
a2ani uazms lddnsaumsIdeniensualeenIn lasemsidel v hilinansznuaens
Uimsuarmsinnaunisee lasuaminassuualsemsla
[ v Y E4
winmuldsumsUfian binsemui 1dszy I lwenasFusedl imuausoudald
YseFuAmLNITNNIITo5ITuNMTIve luauns 1w 1dn dninnuauenssumsIsesssums

Foluau AnegavasIngy ¥ 6 5.W.A331% N3, (02) 419-6405-6 TNTA15 (02) 419-6405

A Y Y av 9
BNUD.eeiiiiiiciccce Ejﬂl”li’JiJIﬂi\ifﬂiZ]i]fJ/EijL!IﬂEJ“]f@‘]J‘ﬁiill



Fac. of Grad. Studies, Mahidol Univ.

APPENDIX E

M.N.S. (Adult Nursing) / 87

INSTRUMENTS

A A = v
!ﬂﬁﬂﬂuﬂiuﬂ1§!ﬂﬂﬁgﬂﬁgﬂmﬂﬂa

dauit 1 suuiuindeyadIuyana
Mg Tsasunsoanute v aslu [ wiedumaclugesinldassioanuiiueie
1. e L] ane
2. DM e
3. awunwavsa [ Taa 1 wihemedvuen
4. TAUMIANE T N9 1@sumsdnamn 1 dszaudnm

(1 fiseudnpinoudu ] fdseudnyineudany

] e1adnu / eyilTay L1 15yanad

[ J5yanTnvsogenn BT R L2 R
5. 91N L inasnssu B TERR

L] Susms L] ;vwwoase

[ %u ) T Ut e e e e et ee e e eeene
B NI IHURI LT ee e eee e ese oo s e ees e eees s eee s seee s eeee s
e I I IRR oot s e es e eeeeee
8. A MM UQUOIN T IR oo s ee e ee e e e e e s s eee s eee s e s eee s eeeseeeses e
9. GCS USNTUNIAROINIAA . oeeveeeeoreeren. GCS 6 2 TUHEWR e
10. 7z 1sATw T i

Iy ) wvmu

( ) Tsaale

() anuaulanaga

Y
( ) Tsaloaisnss

..........................................................................



Karuna Shukij

Appendices / 88

\l d‘ a U \ EZAl U a
a2 wwulszdivmadamamamswenianedihedaanssulszamszezingn 6

o dy
AL

FANWINMYHAFINATND

9 [ dyd a [ FIR @
Foanulumisieae llibiumsdszidumssansnemsneruiadiedasnssu

v Y
Uszamszezinga 6 Faluusnaievaeiiga asuansniudiienindeiida

o Qy o v 1w Ya o A R Aav o 9 a
IUNTSITUGA 6 mimmwaqmm IﬂEllﬂ')ﬂEJT‘i‘ifJWEﬂ'UWﬁQ‘]S’JEJ'Ji]ﬂlﬂuﬁjﬂi%mu

Tagmsdunamsdanmsnumaneriagdiedasnssuilszamszezinga 6 $alus

USNAEREIGA taziuaTonne v adlugeaiea1uurvesdonuaua

iWuasa

£

mydsziiumsUia Ianunineaeae lii
Ufialdgndes IGOEGR
Tiduiludealjiia IOEGR
Q9 o w a wa =
Hdosinalumslia UGN
Ufiagndsaua luasudau  wueda
U1 higndes IREGR
1 (ava =2
lidgria WD

9
weralfianisneruialudeiuedis
9 Y Y [
2nd03nT U IHAZLUIMIAY 1
a9 ] dy A (=) [ 4
Tulideusdnie luliumunsinusey 1
9 a va Y "W
weaaeeliia Tiazuuuminy 1
[ 3 a vAa ] 9
nissantsduweruiadfualyla
999 INTANUUNUNITINY IS TN TN
voud1he Tiazuuuminy 1
a va 9 z 14
weralguaniswerialudeiuld
9 1 (A va ] usj Y
gnAosual JUA luasunniuaou 14
AZUUWNIN 0
Aa va 9 oa.ll 1
werualgianiswervialudesiuue
URiialigndes Tnazuuumd o
9 a wva Y :JI
weradesilgiianisneruialuveriv

ua bidua Mezuuumin o



Fac. of Grad. Studies, Mahidol Univ.

M.N.S. (Adult Nursing) / 89

AINTSUMINEIVID

sziiumsilgiia

FrEznAINENaIda (32 Tuah)

1IN 1 2 3 4 5

1%

Iy

AZUUY
/AU

v
ASIVDING

UPiia

1. SavueufAHz g 30 09r Ty

YiATdsuthennies
wda nazquanueuIidsye
7430 83N AADA 6 F2 TN
menaaiiaa Tagiinig
ﬂimﬁuvimaucgménﬁfﬂanﬂ

192739

Ui ldgndea

Ufiiagndea

v
ATUDIU

Ugiialigndes

TialFiia

lisuiudon)fiia

oo

a9 a ua
Hvedrdalumsigiia

' A A Ay
2. MIYATNHZDYINYNITINBNVD

y = an
(901UF 1azITNIg0

=
=RDe

N

A

iz lugilems 1duny
Us2lUMIANITNINS
wernafihedasnssuiszam
32023000 6

2 THUTNAMIHAINIAR)

Ufiiagndewua

v
ATUDIU

Uiialigndes

Y o o a ua
Hdedidalumsifiia

Ed
3. Samigihe hilddoas Tnnia
A039139991A1 90 p3r Tag
awva v dt:!lm 9 9
dfiianuinsudiennioes
v v ' 9 Yy
e tazquasuenlilvde
Ea
az Tnniaereatnaeiiu 90
2971 A00A 6 52 TN
Merasraa 1agnins
2
Usziiiuvhueudiedraiosnn

192719

Uiia 1dgndea

UiidgnAeaua lai

v
ATUDIU

U1ia ligndes

Tifiia

lisuiudonl§iia

I3

- 9 @ a va
Ndesialumslgiia

4. Janmeulidsuzogluum
#39 (Neutral position) Tag
UfsATuAnsudThennies
ida nazquaniueulifsyy
oglunanss anea 6 ¥1 19
usnMenaEIGa Tagiiinig
ﬂizzﬁumuauq‘?mfinﬂ'aﬂnn

1 92719

Ui ldgndea

Ufiiagndeua

v
ATUDIU

Uiialigndes

iU

lisuiludeulfiia

13

=9 % a va
Ndedialumslgia




Karuna Shukij

Appendices / 90

AINTSUMINEIVID

sziiumsilgiia

FrEznAINENaIda (32 Tuah)

1IN 1 2 3 4 5

1%

Iy

ASLUY
/AU

v
ASIVDINIS

UPiia

5. MSYITHUINMTNNTEUD

Useamuazmsysziiiu

o ade 9

dyanarniunnsudgienn

v
Wourda taglsziudedna

Voo 1 47T

Ugiagndeala

v
ATUDIU

Uiialigndea

Niduiludeslgiia

o

ST a va
Hdedrialumsiiia

6. MyUsziuAINNND NI UM
¥93ilaa17g (urine specific
. a wAa ‘:V =S Y T 4“’
gravity) Tagifiinioaidoiias
=
flo
- Haanzesntieeni i
ml/kg/hr
- flagnzeenuinnii 4
ml/kg/hr
' 3 .
- nou1¥e1 mannitol

= o

- AUMmdemssnun

lisuiudonl§iia

a9 o w a wva
Ndedrialumslgia

7. Usziiunaziufinaugaves

T o o d
Usuanihlusemoenuiinie

Ugiagndeualai

9
melviod

L

a

Tunaaitn@ Taodfifasiu
Weusniu
PRl 9 1w a va
Athennviesridauazaliia
NN 4

#2139

v Y 9 "W v
usnsudihenniesndanas ATUAIY
v
Uszidiudmn 1 Uia higndes
< A ay o A4 a 1 (aea
) Tuuilelde1ie% Ao lilgiia
- ldsumssdausom lisuiudonlfiia
. AY o W a wa
pituitary Ndedinalumslgiia
<
- ilulsn
Craniopharyngioma
- dddamssom
o = - Awvayy ¥
8. M3tuNnuazAILANMIYI Uf1ia ldgndos

Ugiagndeualai

v
ATUDIU

Uia higndes

lisuiudonlfiia

a9 o w a wva
Ndedrialumslgia

FINASUHY




Fac. of Grad. Studies, Mahidol Univ. M.N.S. (Adult Nursing) / 91

J d‘ a d‘ N A EAl % a
a3 wwudssdiumsnfasuulasmeadsinenvesdihedesnssulszamszezingn 6
FIHWINMEHAINFA

) dy 9 9 1 1 dyd v K ~ A Aa FYR
MFues dJonwudruarsae llidunsiuinmsndsunlasnieaisinervesdile

=

faonssulseamszezingn 6 Faluausnaenasrida Feldveyasintiun

k)

4
v A

NUMITHGIVIALAZHANIATIINNRURTAMS Taediteriimatiuiin2 A5ea
Y v 1 Y H ] v

A59N 1 leusniudiienndosiida asei 2 Woasy 6 91 TuasnMeHaIHIAe

M3 ldazuuumsasundainedssinewesdiledasnssulszamszezinga 6

) v 1w A Jou 1 dy
2 TS AT AIRIAR Mﬂmmm@m"lﬂu

1. Mean arterial pressure (MAP) > 130 130 <70 mm.Hg 1 AZUUY

2. (A-2)DO, > 125 mm.Hg 3 ASUUU

3. Blood glucose > 180 mg/dl 2 AZUUU

4. HCO, <20 mg/dl 2 AZIUY

[ 9

5. aanla lidnasinu i 1 0 ATUUY

Y I =2 =) A A A

01 WanzuUsINIY 0 AZLUY nnens  Imsasuudasniedssine

oglunaaiilng

N WAAZUUUIIVANNAI 2 AZUUY WD A TUAAUNAYD AN
4 - A
asuudaanieassinernin
1 <
HAZHNAADMTUIARUUDITNDY

HULNABL



Karuna Shukij Appendices / 92

- 9
) UsnSu 6 ¥ 1NN
=) )
msilagunilaamaeassinen v 1w o 1o
NNNBWIAA MUHDIRNAA
Y \J v \
Yoy MASUUY Toya MAZUUY

1. Systolic blood pressure (SBP)
Diastolic blood pressure (DBP)
Mean arterial pressure (MAP) =
[(2x diastolic) + systolic] / 3

2. Fio,
PaCO,
PAO, = (713 x FiO,) — PaC0,/0.85
PaO,
(A-a)DO,] = PAO,~Pa0,

3. Blood glucose 210 dextrostrix

4. Serum bicarbonate (HCOy)

"o A
1NAINF I Ua oA

FINASUHY




Fac. of Grad. Studies, Mahidol Univ. M.N.S. (Adult Nursing) / 93

A Y a
giem3lFuuuszidiv

msdamsmamswenagibadasnssulszamszazinga 6 T )usnMenawIAa

puudsziiiunmssanisnianmisnerviadiedasnssulseainszezInga 6
M) v 1w I a Y] 4 @
3 Tuansnmerasrae Wunuulsziumstamsnamsnenaieaanuau luns Tnan
= [} zﬂl [ % ) zﬂy tﬁ' Ld' Y o Y [}
ATHZUAZMITANINBAITZAUANVAUMIM LB aNeIN InnUd ) edasnssulszam

a ) v 1w Y Aawva 1 1 A o A

52823099 6 91 Iuausnaenasidannse Tagasallfiinedaneiiioann 1-4 ¥ 1ue vizetly
a A 9 Awva A A 9 1 dy & = [V dy
nanssundesllfiaieldeld Feliswazidoaasae lii

v
A vAa v AaAdo

1. Matamueudsyzga 30 em Tagifianuinsvdilenndesiida uaz
2 Y
quamueuIdAs Bz 30 03 aaoa 6 37 Tuausnnenawide Taghmslszdiumueud
' 9 o =2 A v 9 Y 1w Yo 1 =
pd19teNn 1 42104 nIede Wousniud)Ienntiowda 1nianueuATHYga 30 3R
v A w 3 9 Y U ' = o v 1w
nunnasnniudesqualiidised lunueufsyzga 30 89 aaea 6 %1 Iuamerdwiida
Y a ' 3’ ' 9 o Y Ay o w a va o I
nazdealszliumueudiodiadosyn 1 $11ue snduiidedinalumsifianinldannse
o ' = Y 1
TamuoUATHZ I 30 03N TAuN

1.1 Aagdamssoun idiheueusiu

U

Ao o 2 Y Y 1 " w v 1w
12 ImdamssnmnIndgiheeglunniimenasida
1.3 vj’ﬂ’wllﬁ'%umﬁm Lumbar puncture
14 Rihelinnzanuaulatiad
1 an d' = 9 1 da' =2 9 a A
2. MIYAUTUNEDINYNITINOUUDUIY HU1YD ﬂTi@ﬂ!ﬁiJ?‘iZﬁ@ﬂJ;]U@WﬂﬂJ
3 v 1 dy 9 Y 4 =
Junounsae 1l ligndesnsudiu Ao
E2
2.1 Usziiudotsrlumsqarunznouiinmsgaidume Ao
Yya =
2.1.1 lagwdesauriy
91 A A z:; 1 1
2.12 gihelenTelimunzesnmndarevorienele
2.1.3 Airway obstruction, increase work of breathing, dyspnea, cough
2.1.4 Hypoxemia: Desaturation, diaphoresis, restlessness, tachycardia,
arrhythmia, hypertension, cyanosis
2.1.5 Hypercapnia TagNT1UINKA arterial blood gas %30 end tidal
CcoO
3 g
2.1.6 Ventilator evidence: V. 1104 inspire time (Tin) AU, fighting,

9 v

airway pressure qﬁu, high pressure alarm, expire V Aag



Karuna Shukij Appendices / 94

a3 [l
2.1.7 ABIMIINUIETUHEEINTIN
2.1.8 Giheveldgaaumy
T Aa ] -4 1 ]
22 1dmegaunzvuna liinu 23 veudurgudnalsuesierioniele
23 Tdanuaulumsaaaume lumu 120 mm.Hg
Y a A A Y Y ' [ A Aa
24 Iveendaunianumdndugesivdunmsiuiliuiasiloea
(hyperoxygenation and hyperinflation) #281n509318M10 lanougatadumzlszuia 2-3 widl 1o
flostiunnzaineendionluvuzgaauns
1 9 1 ] 1 1 Q‘I
25 ldawgaraunzidn l) luesremeleedinjuuia aunsensaoga
a 1 Y =R a Y <K
iduvizadldanevaonauuaideneseenld 1 wudwas ndrvegaauns lagsovams
=3 A [ A < 1 £
Aumegalaunzeon tietlosiunisgadoynasaautaznsuiaIudeyalaganilves
maauriiela
Y
2.6 Mimsgadunzuaazase linu 10 3
Yy @ a = 09.: ~
2.7 Mgihen 30 3u7 eumsgataurzasINaed
A
2.8 qaidunziaazsou Ly 2 A3
2
3. myvamgihelulddeas Tnnnsaesdiecoin 9o eem Tasdgianui
Ao Y Y (Y 1 19 Y9 QSJI 9 a
n5udihenndesiida nazquaniueulilddoas Tnnsdosdneomnu 90 o aasa 6

[

v Y 1 1
w2 Tnansnaenasiida Tagiinsdsziiunueudiodiioonn 1 ¥ Tug vuieds o5y

Y

Y
Aihenndesidalddanidieliylddoas Tnnnaesdiesemu 90 aeen siud wasnniiu
Y v
dosquaniuou lilddoas Tnnneaesdiseiiu 90 o3 aana 6 2 TuenenasriIng LazAos
a 1 oy 1 9 o'/
Ysziiumueudiosatiosnn 1 42 Tug
[ 1 Y L] .. a oA o dd'cu

4. MmsvamuouInAIyzogluuuInga (Neutral position)  TasdQiasiunngy
9 Y LY 1 Y 1 QIJ v 1w
Athenniesida nazquanueulifsyzeglunuingd aaea 6 51 uausnnienaiidn lag
o a 1 09} ] 9 q'J = d’ [ A 9 T @ Yo ]
Mmnmsdsedivmueudiegiadesnn 1 531 nineds Wesvdiheandeswindaliiaueu

Y ] 1Y qu/ 9 1 A ] Q'J (%
Irfszeglunuinsgg nasnniudesquaniveulvdsyzed luuuinsinaea 6 41 1uan18mag
Y v
Hde Lazdeslsziliumueudnedatiosnn 1 $2lug
a a [ = v Aado VA
5. mstsziiuonmanszuulszemuazmslssiudygrasnwiunniugle
9 LY a :j ] 9 q‘/ =1 Y o a

nndesridaa tazilsaiudiodnatesnn 1 5219 vueds Idimsdszdueimanieszuy

I
A A

Uszamuazmsdsziiudyanadnvesdiheiufiiionsniunniorida nazndannindes
Y
IS o v

a a % 9 o o
Usziiuermsniessuudseamuazdseiiuv YUIUFWEIDYNUDYNN 1 “H’)Ill\‘] IUNITTNATUY

[T

6 ¥ THININAINIAG



Fac. of Grad. Studies, Mahidol Univ. M.N.S. (Adult Nursing) / 95

a ! ' 13 . . . A Ay dy
6. MItsziumanuo1sumizueiladd (urine specific gravity) 1oNUDUIF
= Y o ] 1 1 ) 9 A A 9
nene Mmnmsasiaiamanuad umzueilaa1izaein3e9 Refractometer  (HOWUUD
E4 4
1% faae luil
6.1 Yaazeeniiosnin I mikg/hr
6.2 aeIzesnuINNI1 4 ml/kg/hr
6.3 foul#e1 mannitol
6.4 UMAIMITNH
a A a g/ 1 v A A v 9 Y
7. dsziivuazivnnaugaveasunanilusumeniuindensniugihennves
Y a 3’ o A Ay T dy =3 A o oy Y " v Y o
iida  uazdssliugnn 1 92 lualeivete¥ vunedd wesugihennnesiidaliiins
Y v U
Usziivwaztiuiindsnanindiheldsunasgaudoludewindasunsgnssudihodhsnulu
U Y] J % qs;l a o a 31
vofihe lo.4.9.1)szamdassnans vasnminldlszilivuaziuiinaugavealsuaily
1 31 ) A = 9 1 dy v 1 dy
smednn 1 42 1ue elidoed avae lail
7.1 Giheldsumssidausiom pituitary
[ . .
72 1fulsa Craniopharyngioma
73 UMAIMITNEI
= a 9 1 4 a Aa wvAa 2/'
8. msvunnuazaruguanrginieliedlunayilng Taslgliaaudunou

a0l

L= a v Aadw Y1 4 1w v K
8.1 Uuﬂﬂ’qmﬁﬂhﬂWﬂﬂuﬂﬂ‘iUEjﬂ’Jﬂ%Wﬂ‘ViﬂﬂWW]@ Hagyunn Nn 4

%139
8.2 Keep warm 0Qunin1e@1n136.5 °C

a 1

s A 4 \
83 sieunndiie 1venaa ldiedieligurginegenii 38.3 °C
windsziunistanisnumsneiuiadiedasnssulszaimizezinga 6
M v 1w 9 1" (avanyy 9y To @ 9 Aava A AY o w
w2 Tuausnmeraerndandinydn Uua lagndes Tusuiludesl§iia nielidesinalunis

a 9 1

Ut Mazuuumdy 1 azuuu dlszitiuudimun dgiagndena linsudau Ugiala

gnave 3o TR Mazuuumiidn 0 Azuuy AzHUUSINYDINITTANINIMSHEIIA

dilredasnssnilszamizezinga 6 I TUAUTNNIEUTIHIAANINDY 0-8 AZLUY

Tagazuuudmuieds ihe'lyldsunmsianismemsnerianie lasunmsianisnians
=) ' Y =) ' Y =2 91 Yo Y

wenanse ligndeanse liasudiu azuuugarneds giheldsunmsianmsnianisnenina

afiwgﬂéfamazmuf’f’m



Karuna Shukij

MORE RESULTS

APPENDIX F

Appendices / 96

Mean and standard deviation of data about physiological changes of the patients

Data The first hour after The sixth hour after  P-value
surgery surgery
Mean SD SD

PDS 3.5 2.02 1.91 .000
MAP 98.44 13.36 10.93 .000
FiO, 0.68 0.19 0.20 .004
PaCO, 36.87 5.32 4.87 .000
PaO, 219 78.33 73.47 793
(A-a)DO, 223.30 127.17 124.92 .001
Blood glucose 195.08 56.96 42.22 .000
HCO3’ 23.26 2.58 2.89 .288
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APPENDIX G
PERMISSION LETTER FOR USING INSTRUMENT

E Re: mownidb: Permission to use research tools - Windows Intemet Explorer

‘& htp:/Wienprl104. ook, com/wa/ae=HemBla= Openfit=IPM NoteBi= R AAADaMBG TxuTRVVER A8 BiBGWahIToH ERKIUKSR2FT+2bT00 AAAAAF G4 AARGWaTERLERKIUICHI20300AAAAAey AAAAA Bpspic= 13142359; @

paundy aavadlomn dwa a0 Yo I B B B X B 0

Re: maunaiy; Permission to use research tools

Stephan Mayer [sam14@columbia.edu]

iiv: ICARUNA SHUKU
5 dnnau 20100:49

|

You have my permission

On Jul 23, 2010, at 1:11 AM, KARUNA SHUKIJ wrote:

> I am sending this letter to ask you again ahout the research

> instrument 'SAH-Physiologic Derangement Score'. As I plan to use it
> with neurosurgical patients with SAH, as well as hrain tumor, I

> wonder that this instrument can be applied to these all patients. I
> shall have to defense my thesis proposal by the 4th of August, 2010.
> Your permission will be greatly appreciated.

>

> Best regards

>

> Karuna Shukij

>

>

> N: Stephan Mayer [samld@columbia.edu]

> da: § auamiug 2010 23:29

> fig: KARUNA SHUKIJ

> Bay: Re: Permission to use research tools

> ]

Q5% -
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£ Re: wraundi: Permission to use research toos - Windows Intemet Explorer

(2 bt npr104 ol comowaf ae=RemBa=Cpenti= PV NoteBid=RgAAADab3GTuTARIVVERAA BB T ERKIUKCH 42300 AAAAAFGAAABGWa I TER ERKUG2A 20300 AMAMA e AMAARpsid= 131423%; @

v w4 ALIVI817 ] - ¢
ARUNAY  ARUAALMMYHA AR duiin ¥ gge L4E | I‘; (¥} x j e

Re: aunL; Permission to use research tools

Stephan Mayer [sam14@columbia.edul

i KARUNA SHUKD
S e 2010040

> A
>> This mail sent through MU-Wiebmail: webmail.mahidol.ac.th
>

)

S RRERRRRRR AR R KRR AR R A KRR AR RARR T AR RRRRT AR AR AR A

)

> Stephan A. Mayer, MD, FCCM

)

> Professor of Neurology and Neurological Surgery

> Colunbia University College of Physicians & Surgeons
» Director, Neurological Intensive Care Unit

> New York Presbyterian Hospital/Columbia

b

» President, Neurocritical Care Society

» neurocriticalcare.org

>

> Milstein Hospital Building

> 177 Fort Washington Avenue

> MHB-8-300 Center

> New York, NY 10032

»

> Bssistant: Deidre Stanchich

> T 212-305-1236

. T _A4dA_AAC_ATNAA J

H1m% v
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£ Re: mavni: Permission to use research tools - Windaws ntemet Explorer

{2 it henpl10 outoncom o ae=Remta=Openfi-IPM NoteBi=RofAAADaN BT RIYVE B BGaMTHLERK 220 AALARFALBGW TR RKILK AL 0AAAAR ey AAApspid= 13435 @

aamndy saundvione e o v f5 B @ B X B 0

Re: AaunaL; Permission to use research tools

Stephan Mayer [samI4@columbia.du]

i KARUNA SHUKL
S 200019

> o
> Assistent: Deldre Stanchich

> T 212-305-7236

> T 212-305-2192

> samldfcolumbia.edn

>

> "Death 1s not the enemy, It just occasionally needs a little help

> with timing."

» - Peter Safar, MD

FERRFERREE R E R ER R ER AR TR E R R - S
Stephan A, Mayer, MD, ECCH

Professor of Neurology and Neurological Surgery
Columbia University College of Physicians & Surgeons
Director, Neurocritical Care

New York Preshyterian Hospital/Columbia

President, Neurocritical Care Society
neurocriticalcare,org

Milstein Hospital Building i

f15% -
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€ Re: saunidir: Permission to use research tools - Windows Intemet Explorer

2 bitps//hknpral104 outlook.com/owa/ae=ltemBia=Opendit=IPM NoteSiid=RgAAAADaM3GTxTRIYVE3dAR BB GWaMTBLERKIUK2H5:2b30QAAAAAF GAAABGWaMTBEL ERKIUKSA2i:2b39QAAAAA e ARAARIpspid= 13142359; @
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Re: aaunay: Permission to use research tools

Stephan Mayer [sam14@columbia.edu]
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|
President, Neurocritical Care Society
neurocriticalcare.org
Milstein Hospital Building
177 Fort Washington Avenue
MHB-8-300 Center
New York, NY 10032
Assistant: Deidre Stanchich
T 212-305-7236
F 212-305-2792
saml4@columbia.edu
"Death is not the enemy. It just occasionally needs a little help
with timing."
-Peter Safar, MD
|
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