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ABSTRACT

Clinical physiology department in well-organized university hospitals has three
importantroles: |) it can be considered the best link between the basic sciences that
have been taught in the undergraduate curriculum and clinical practice. 2) several
techniques are practiced in the clinical physiology department operating in close
collaboration with other clinical specialties which are very helpful in providing health
care such as Pulmonary Function Test, Electroencephalogram, Nerve Conduction
Studies, Auditory Brainstem Response, Electrocardiogram, Exercise-based “stress
tests,” etc. 3) it has a strong relation with research disciplines and its participation in
this field cannot be neglected. The aim of this viewpoint is to unravel the hidden
importance of the clinical physiology department and its utility in both basic sciences
and clinical teachings, both for health care and research.

Therefore, assuring clinical physiology as an independent part of the basic sciences
physiology department with the decision-maker support could guarantee the
survival and continuation of the link between undergraduate teaching and clinical
practice. The practical sessions of the undergraduate curriculum should be updated
so that students get knowledge of techniques utilized in their clinical careers. This is
beyond the conventional theory bases irrelevant teaching curriculum. Recruitment
of well-qualified and specialized specialists in clinical physiology techniques,
technicians, and nurses who can perform and interpret these tests effectively as well
as supplying the unit with modern and sophisticated equipment is of great value.
Research funds have to be directed toward clinical physiology that can boost the
development of medical evolution ahead.
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INTRODUCTION

In highly well-organized university
hospitals, the clinical physiology
department is considered an independent
department or a unit with highly qualified
staff and sophisticated equipment. On the
other hand, in some hospitals, clinical
physiology diagnostic tools have minor
roles and are scattered between hospital
departments. Therefore, it is very
important for the hospital's decision-
makers, especially educational hospitals,
to know the role of clinical physiology in
order to have the complete benefits of its
facilities. Unless clinical physiology is
treated as an independent department
and controls its own discipline, the

integrative physiology teaching model asa
base for problem-based education,
patient health, and research discipline will
be severely affected. As members of the
physiology and clinical physiology
department, the light should be shed to
emphasize several roles and tasks that can
be afforded by this unique department
and encourage decision-makers to pay
more attention toiit.

The clinical physiology department has
threeimportantroles:

1) Bridging the gap between basic
sciences and clinical applications: No
one can deny the efforts that have been
exerted by several frontiers toward more
integration between basic and clinical
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departments for better preparation of
future physicians.'” Clinical physiology can
be considered as the best link that can
bridge the gap between the basic sciences
that have been taught to the students
during their undergraduate degree and
the clinical applications of these scientific
basic sciences facts. As part of this unique
department, clinical physiologists can take
this advantage and take the burden to
teach and subsequently transfer
knowledge and methods of techniques
that are performed in the department to
healthcare providers. Not only that but
also to help them to choose the
appropriate diagnostic tools that are
needed for the respective patients and
not waste the patient's money and have
them loitering around. To achieve this
task, students, as well as clinical
physiologists, must gain a strong
knowledge of physiology and
pathophysiology and be sagacious enough
to help them exercise prudence and
ensure ending up with the right diagnosis.
One of the methods that are very useful in
this field, based on our experience in
teaching physiology, is bringing students
closer to the clinical applications of the
basic sciences through the efficient
practical sessions in the undergraduate
medical curriculum (preparing very
efficient and equipped physiology
laboratories) for the students, exposing
them to various clinical physiological
techniques. The physiology practical
sessions conducted in medical schools are
more sort of archival, not updated, too
conventional, lack applied or clinical part,
and do not connect well to the common
diseases witnessed in clinics. This requires
a refurbishment of all practical labs.
Clinical physiology can cover almost all
areas of basic physiology with its
applications. It also fills the gap between
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TABLE I: SHOWS A BRIEF ACCOUNT OF KEY CONCEPTS THAT CAN

BE COVERED WITH CLINICAL PHYSIOLOGY PROCEDURES AND TESTS

Clinical Physiology Tests

Concepts Covered

Most relevant
discipline

Pulmonary function tests (PFTs)

-Lung Functions
-Gas exchange
-Lung Mechanics

-Pulmonology
-Sport medicine
-Ear, nose, and
throat.

-Reticul tivati t -N |
Electroencephalogram (EEG) ereutar af: vating system eLfro f:)gy
-Sleep physiology -pediatrics
-Peripheral nerve disorders | -Neurology
-Trauma -Neurosurgery
Nerve Conduction -
-Entrapment syndromes -Orthopedics
Studies and EMG . )
-Plexopathies -Endocrine

-Radiculopathies

Auditory brainstem evoked

-Auditory pathways

-Ear Nose and

potential (ABR) Throat

Visual Electrodiagnostic -Visual pathway -Ophthalmology

testing (VEP). -pediatrics

Electroretinogram (ERG) -Retinal functions

Somatosensory evoked potentials | -Motor and sensory -Neurology

(SSEPs) pathways -Neurosurgery
Body adaptations to exercise | -Cardiology

Cardiopulmonary exercise

-Exercise physiology

-Sports medicine

testing (CPET

esting ( ) -Physical fitness -Fitness clinics
-Aut ic functi d -Cardiol

Heart rate variability (HRV) Y ono.mlc unction an arclooey
dysfunction
-Autonomic function and -Cardiology

Respiratory sinus arrhythmia (RSA)

dysfunction

-Pulmonology

Postural hypotension
(orthostatic hypotension)

-Autonomic function and
dysfunction

-Internal Medicine
-Cardiology

anatomical structures, imaging, and
functional assessments. When decision-
makers would like to change the
methodology of medical education and
teaching curriculum from conventional
teaching methods to problem-based
learning, they should not target only
theoretical levels and neglect practical and
applied aspects. The role of basic human
physiology in medical practice is a well-
known established fact without any doubt
but the real role and values of clinical
physiology and its applications in medical
practice have not been given the
recognition that it deserves.

II) Clinical physiology contributions
to hospitals and patient's health care:

One of the important aspects and
functions of the clinical physiology
department is its various physiological
diagnostic tools such as Pulmonary
Function Test, Electroencephalogram
(EEG), Nerve Conduction Studies (NCS),
Auditory Brainstem Response (ABR),
Electrocardiogram, Exercise Based
“stress tests,” and others. These are some
examples of the clinical physiology tools,

while the list will go on and on, that can be
so helpful in health care practice as well as
medical education if they are enclosed in
the undergraduate curriculum properly.

Itis possible, by using these techniques, to
detect and determine the dysfunction of
an individual patient. Nowadays, several
clinical physiology techniques have been
provided by very sophisticated devices
with the help of modern technology.’
Simple, computerized, and well-equipped
devices have been developed to cope
with the modern healthcare systems. As a
result of this fast development, the
diagnosis of various impairments such as
hearing, vision, respiratory, and
neurological disorders, etc. entered a
new soft, and promising era. Not only that
but several diagnostic techniques can also
be performed during different living
situations which are so helpful for precise
diagnosis." Several techniques or key
topics (Table ) are practiced in the clinical
physiology department operating in close
collaboration with various clinical
specialties which refer their cases to the
department. Most common referrals are
from Orthopedics, General Medicine,

Neurology, Pediatrics, ENT,
Ophthalmology, Pulmonology, and
Cardiology.

In the following few paragraphs, we will
give a brief account of a few clinical
physiology techniques which are
frequently performed as a routine in the
clinical physiology department. Several
clinicians, students, and researchers
perform these tests without knowing
their basic sciences, and this section is
aimed at them to improve the
understanding of the mechanisms of these
tests. It is also worth mentioning that
explaining these techniques in detail is
beyond the aim of this viewpoint.
Moreover, we also discuss the key
concepts that are encompassed in
relation to the basic sciences.

I. Pulmonary Function Tests (PFTS):
are vital measurements in the diagnosis,
prognosis, and treatment strategy of
pulmonary disorders. In addition, it can be
used as a preoperative assessment tool as
well.** It is not only a noninvasive and
practical technique but also a very reliable
test” PFT consists of both static and
dynamic spirometry with, flow-volume
loops recording and bronchodilator
challenge. It depends significantly on
subject performance at given instructions
during the forced inspiration and
expiration. The findings provide three
patterns: obstructive, restrictive, or
mixed patterns. Spirometry provides
information regarding Forced Vital
Capacity (FVC), Forced Expiratory
Volume in the First Second (FEVI), and
Forced Expiratory Ratio (FEVI/FVC
ratio). Flow—volume loop: A given graph
after a subject performance with a
negative inspiratory and a positive
expiratory part. It provides useful
information about Peak Expiratory Flow
Rate (PEFR), 25% of Forced Expiratory
Flow (FEF25%), 50% of Forced
Expiratory Flow (FEF50%), and 75% of
Forced Expiratory Flow (FEF75%).°

Any changes in the shape of the graph
have a special indication. If FEVI
decreases below the predicted value,
decreases in total lung capacity (TLC),
airway obstruction, a decrease in lung
elasticity, or weakness of respiratory
muscles might be the causes.
Nevertheless, the most common cause is
airway obstruction. When FEV | increases
due to bronchodilator usage, it indicates
reversibility of the obstruction.’

Although people pay more attention to
disorders” diagnosis, medical treatment,
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and health care, the utilization of PFT is
still underestimated.” In the future, more
attention should be directed toward the
standardization and generalization of PFT
as part of pulmonary disorders' diagnosis
criteria.

2. Electroencephalogram (EEG): over
the last decade, many advances in the
diagnosis, prognosis, and evaluation of
treatment of several neurological
disorders such as: epilepsy and nerve
dysfunctions, have been acknowledged to
clinical neurophysiology. For instance,
epilepsy cannot be diagnosed, followed
up, and controlled without the guidance
of an electroencephalogram (EEG)."
Interestingly, EEG can also help in the
differentiation between different genetic
epileptic syndromes as well." EEG waves
are formed due to the summation of
inhibitory and excitatory postsynaptic
potentials of cortical neurons and are
subsequently recorded by the electrodes
on the scalp. In addition, thalamus and
thalamocortical neurons participate in the
formation of EEG waves. Itis important to
mention in this regard that the action
potential of the neurons has less
contribution to EEG waves due to its
short duration (I ms while postsynaptic
potentials 15-200 ms). EEG recordings
should be performed in different
patients” situations (awake, sleep) in
order to have a complete picture of brain
activity. Any disturbance in the normally
recorded waves, changes in the
amplitude, or spikes might indicate
abnormal findings.” Among physicians,
one of the reasons for the misdiagnosis of
epilepsy is due to the lack of knowledge in
EEG interpretations. Therefore, the
intensive training of neurology residents
can decrease the misdiagnosis of
epilepsy.”

3. Auditory Brainstem Evoked
Potential (ABR): is also one of the
milestones of the diagnosis and
assessment of the pathway of the auditory
impulse and it can precisely point to the
lesion site in the nerve.'*"®

It is recorded by a surface electrode as a
result of auditory (click) stimuli that
generate impulses through the auditory
neural pathway. One of ABR features is
that it is not affected by the general
condition of the patients (awake or
asleep) so it can be performed in several
situations. "

4. Visual Evoked Potentials (VEP):
provides a method to examine the

abnormalities of the retina and the visual
pathway. The VEP assesses the normal
integrity of the visual pathway starting
from the retina, then the optic nerve,
optic chiasm until it reaches the occipital
cortex but if you would like to examine
the retina specifically, Electroretinogram
(ERG) is the best electrophysiological test
to be used.” There are two types of VEPs;
flash VEP and Pattern VEP. Scalp
electrodes will record the wave on the
scalp. Even in infants or children, Flash
VEP gives an especially useful visual
assessment information. Pattern VEP is
produced by using a reversal black and
white checkerboard stimulus and it is
mostly used in adults."®

Normal waves are predicted and well
known and deviation from normal
suggests abnormalities. VEP amplitude is
recorded but is less informative. There
are some variables that affect VEP waves
such as age, gender, smaller pupillary
diameter, Visual acuity, level of alertness,
stimulus field size, and location of scalp
electrodes."

5. Somatosensory Evoked Potentials
(SSEPs): is a widely used test to detect
the normal activation of somatosensory
pathways and their neuronal
compartments by administering electrical
stimulation of the somatosensory
peripheral nerves, to elicit huge and
strong responses. SSEPs can be used as a
prognostic test for a patient in a coma, a
monitoring tool during the surgical
procedure to maintain the integrity of the
somatosensory pathways when it is under
risk, and a neurological diagnostic tool for
neurological disorders. Any abnormalities
in the somatosensory pathways starting
from the peripheral nerve, plexus, spinal
root, spinal cord, brain stem,
thalamocortical projections, or primary
somatosensory cortex can be detected by
using SSEPs."”

SSEPs are produced by a stimulus to the
somatosensory pathways which give a
series of positive—negative potentials. The
stimulus can be mechanical or electrical.
The most common sites of stimulation are
the median nerve at the wrist and the
posterior tibial nerve at the ankle.”

6. Cardiopulmonary Exercise Testing
(CPET): a task based useful test to assess
multiple functions of the cardiovascular,
respiratory, skeletal muscles, and nervous
systems under well controlled
physiological conditions.” CPET can be
used when other tests fail to detect the

dysfunction during rest. So, any
abnormalities that do not appear at rest
can be detected with CPET under
stressful situations. It can be performed
by using a cycle ergometer or treadmill
with an analysis of collected expired gas
[oxygen uptake (VO,), ventilation (VE),
and carbon dioxide output (VCO,)]. It
usually starts with low effort and
subsequently reaches the maximum
limitation effort. This takes from 8-12
minutes.”

7. Heart Rate Variability (HRV): is a
slight fluctuation of heartbeats upon the
time that needs special software. Normal
HRV ranges in adults between 20-200
milliseconds. They are used as an
indicator of current or future heart
disorders, anxiety, and depression. More
importantly, it can be used to detect
autonomic nervous system disorders due
to cardiovascular diseases.” HRV can be
used as a reliable, simple, and non-
invasive method which reflects the
changes in cardiac rhythmicity by the
effect of both compartments of the
autonomic nervous system (sympathetic
and parasympathetic). In addition, it can
measure the autonomic nervous system
modulation during cardiovascular events
and can be used to screen for sudden
cardiac death.™

8. Respiratory Sinus Arrhythmia
(RSA): is the change of heart rate
variability simultaneously with inspiration
and expiration by which the R-R interval
on ECG is becoming shorter during
inspiration and longer during expiration.
RSA can be used as a reflection of
respiratory-circulatory interactions even
though it is used as an index of cardiac
vagal nerve dysfunction.”

RSA is very obvious in infants and athletes
and become weaker with age and with
coronary artery diseases with or without
myocardial infarction and congestive
heart failure. There is an inverse
correlation between attenuation of RSA
and poor prognosis of coronary artery
diseases. It also can be used as a predictor
index of autonomic neuropathy in diabetic
patients.”

9. Postural Hypotension (orthostatic
hypotension): is an abnormal decrease in
the systole of blood pressure more than
20mmHg and/or more than |0mmHg in
diastole of blood pressure which usually
happens within 3 minutes of changing the
patient's position from lying or sitting to
standing position. It can increase the risk
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of falls and subsequently might lead to
fractures, depression, dementia, and
death.” It occurs due to failure in blood
pressure response to postural changes
and it could be acute, chronic,
symptomatic, or asymptomatic. It could
be caused by several reasons such as
dehydration, blood loss, medication,
neurological, cardiovascular, and
endocrine disorders. Symptoms are
dizziness, blurred vision, weakness,
fatigue, nausea, palpitations, headache,
syncope, dyspnea, chest pain, and neck
and shoulder pain. Head-up tilt table can
be used as a standard test to elicit
orthostatic hypotension.

In this regard, one should not forget the
importance and need for professionally
qualified and specialized technicians,
nurses, and clinical physiologists that can
perform and interpret these tests
effectively for both patient care, teaching,
andresearch.

Ill) Connections between clinical
physiology and research: another
important aspect of the clinical physiology
department is its relation to research
disciplines and its participation in this field
intensively. Students, interns, and
specialists can apply their basic
knowledge, which have been gained
during their undergraduate program, to
the clinical practice through clinical
physiology research disciplines." One of
the advantages of clinical physiology
research is the extension of basic science
findings to the clinical settings, then to
clinical practice, and subsequently to
health policy. This is called: translational
research.”” Collaborations among
multiple clinical disciplines with clinical
physiology would lead to a better
understanding of basic sciences
knowledge, its application, and clinical
utility in both teaching and research.

CONCLUSION AND
RECOMMENDATIONS

Assuring clinical physiology as an
independent well-equipped department
with full decision-maker support could
guarantee the survival and the
continuation of the link between the
human integrative systems curriculum
that is taught to the students in schools
and their clinical practice. In addition,
well-prepared physiology laboratories in
the medical undergraduate program, in
order to link the students to their future
useful diagnostic tools, are of great value.

The practical sessions of the medical
undergraduate curriculum should be
revised and updated so that students get
knowledge of techniques utilized in their
clinical practice. We propose that the
clinical physiology department should be a
part of each physiology department in all
medical schools working in close
collaboration with clinical departments.

Recruitment of well-qualified and
specialized specialists in clinical
physiology techniques, technicians, and
nurses who can perform and interpret
these tests effectively as well as supplying
the unit with modern and sophisticated
equipment are of great value.

Research funds have to be directed
toward clinical physiology thoughts and
ideas that can boost the development of
medical evolution ahead.
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