ECG
Electrocardiography (ECG or EKG*) is the process of recording the electrical activity of the heart over a period of time using electrodes placed on a patient's body. These electrodes detect the tiny electrical changes on the skin that arise from the heart muscle depolarizing during each heartbeat.
In a conventional 12 lead ECG, ten electrodes are placed on the patient's limbs and on the surface of the chest. The overall magnitude of the heart's electrical potential is then measured from twelve different angles ("leads") and is recorded over a period of time (usually 10 seconds). In this way, the overall magnitude and direction of the heart's electrical depolarization is captured at each moment throughout the cardiac cycle.[1] The graph of voltage versus time produced byhis noninvasive medical procedure is referred to as an electrocardiogram (abbreviated ECG or EKG).
During each heartbeat, a healthy heart will have an orderly progression of depolarization that starts with pacemaker cells in the sino atrial node, spreads out through the atrium, passes through the atrio ventricular node down into the bundle of His and into the Purkinje fibers spreading down and to the left throughout the ventricles. This orderly pattern of depolarization gives rise to the characteristic ECG tracing. To the trained clinician, an ECG conveys a large amount of information about the structure of the heart and the function of its electrical conduction system.[2] Among other things, an ECG can be used to measure the rate and rhythm of heartbeats, the size and position of the heart chambers, the presence of any damage to the heart's muscle cells or conduction system, the effects of cardiac drugs, and the function of implanted pacemakers.[3]
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Electrodes and leads
[image: https://upload.wikimedia.org/wikipedia/commons/thumb/c/c9/Limb_leads.svg/220px-Limb_leads.svg.png]
Proper placement of the limb electrodes. The limb electrodes can be far down on the limbs or close to the hips/shoulders as long as they are placed symmetrically.[25]
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Placement of the precordial electrodes
Ten electrodes are used for a 12-lead ECG. The electrodes usually consist of a conducting gel, embedded in the middle of a self-adhesive pad. The most common type of electrodes for ECG application is silver/silver chloride.[26] The names and correct locations for each electrode are as follows:
	Electrode name
	Electrode placement

	RA
	On the right arm, avoiding thick muscle.

	LA
	In the same location where RA was placed, but on the left arm.

	RL
	On the right leg, lateral calf muscle.

	LL
	In the same location where RL was placed, but on the left leg.

	V1
	In the fourth intercostal space (between ribs 4 and 5) just to the right of the sternum (breastbone).

	V2
	In the fourth intercostal space (between ribs 4 and 5) just to the left of the sternum.

	V3
	Between leads V2 and V4.

	V4
	In the fifth intercostal space (between ribs 5 and 6) in the mid-clavicular line.

	V5
	Horizontally even with V4, in the left anterior axillary line.

	V6
	Horizontally even with V4 and V5 in the midaxillary line.


The term "lead" in electrocardiography refers to the 12 different vectors along which the heart's depolarization is measured and recorded. There are a total of six limb leads and augmented limb leads arranged like spokes of a wheel in the coronal plane (vertical) and sixprecordial leads that lie on the perpendicular transverse plane (horizontal). In medical settings, the term leads is also sometimes used to refer to the ten electrodes themselves, although this is not technically a correct usage of the term.
Each of these leads represents the electrical potential difference between two points. For each lead, the positive pole is one of the ten electrodes. In bipolar leads, the negative pole is a different one of the electrodes, while in unipolar leads, the negative pole is a composite pole known as Wilson's central terminal.[27] Wilson's central terminal VW is produced by averaging the measurements from the electrodes RA, LA, and LL to give an average potential across the body:
[image: 
V_W = \frac{1}{3}(RA+LA+LL)
]
In a 12-lead ECG, all leads except the limb leads are unipolar (aVR, aVL, aVF, V1, V2, V3, V4, V5, and V6).
Limb leads[image: https://upload.wikimedia.org/wikipedia/commons/thumb/1/19/Limb_leads_of_EKG.png/600px-Limb_leads_of_EKG.png]
The limb leads and augmented limb leads
[image: EKG leads.png]
Leads I, II and III are called the limb leads. The electrodes that form these signals are located on the limbs—one on each arm and one on the left leg.[28][29][30] The limb leads form the points of what is known as Einthoven's triangle.[31]
Lead I is the voltage between the (positive) left arm (LA) electrode and right arm (RA) electrode:
[image: 
I = LA - RA
]
Lead II is the voltage between the (positive) left leg (LL) electrode and the right arm (RA) electrode:
[image: 
II = LL - RA
]
Lead III is the voltage between the (positive) left leg (LL) electrode and the left arm (LA) electrode:
[image: 
III = LL - LA
]
Augmented limb leads[edit]
Leads aVR, aVL, and aVF are the augmented limb leads. They are derived from the same three electrodes as leads I, II, and III, but they use Goldberger's central terminal as their negative pole which is a combination of inputs from other two limb electrodes.
Lead augmented vector right (aVR)' has the positive electrode on the right arm. The negative pole is a combination of the left arm electrode and the left leg electrode:
[image: 
aVR = RA - \frac{1}{2} (LA + LL) = \frac 32 (RA - V_W)
]
Lead augmented vector left (aVL) has the positive electrode on the left arm. The negative pole is a combination of the right arm electrode and the left leg electrode:
[image: 
aVL = LA - \frac{1}{2} (RA + LL) = \frac 32 (LA - V_W)
]
Lead augmented vector foot (aVF) has the positive electrode on the left leg. The negative pole is a combination of the right arm electrode and the left arm electrode:
[image: 
aVF = LL - \frac{1}{2} (RA + LA) = \frac 32 (LL - V_W)
]
Together with leads I, II, and III, augmented limb leads aVR, aVL, and aVF form the basis of the hexaxial reference system, which is used to calculate the heart's electrical axis in the frontal plane.
Precordial leads
The precordial leads lie in the transverse (horizontal) plane, perpendicular to the other six leads. The six precordial electrodes act as the positive poles for the six corresponding precordial leads: (V1, V2, V3, V4, V5 and V6). Wilson's central terminal is used as the negative pole.
Specialized leads
Additional electrodes may rarely be placed to generate other leads for specific diagnostic purposes. Right sided precordial leads may be used to better study pathology of the right ventricle. Posterior leads may be used to demonstrate the presence of a posterior myocardial infarction. A Lewis lead (requiring an electrode at the right sternal border in the second intercostal space) can be used to study pathological rhythms arising in the right atrium.
Lead locations on an ECG report
A standard 12-lead ECG report shows a 2.5 second tracing of each of the twelve leads. The tracings are most commonly arranged in a grid of four columns and three rows. the first column is the limb leads (I,II, and III), the second column is the augmented limb leads (aVR, aVL, and aVF), and the last two columns are the precordial leads (V1-V6).
Contiguity of leads[edit]
[image: https://upload.wikimedia.org/wikipedia/commons/thumb/3/33/Contiguous_leads.svg/300px-Contiguous_leads.svg.png]
Diagram showing the contiguous leads in the same color
Each of the 12 ECG leads records the electrical activity of the heart from a different angle, and therefore align with different anatomical areas of the heart. Two leads that look at neighboring anatomical areas are said to be contiguous.
	Category
	Leads
	Activity

	Inferior leads'
	Leads II, III and aVF
	Look at electrical activity from the vantage point of the inferior surface (diaphragmatic surface of heart)

	Lateral leads
	I, aVL, V5 and V6
	Look at the electrical activity from the vantage point of the lateral wall of left ventricle

	Septal leads
	V1 and V2
	Look at electrical activity from the vantage point of the septal surface of the heart (interventricular septum)

	Anterior leads
	V3 and V4
	Look at electrical activity from the vantage point of the anterior wall of the right and left ventricles (Sternocostal surface of heart)



Electroencephalography (EEG) is an electrophysiological monitoring method to record electrical activity of the brain. It is typically noninvasive, with the electrodes placed along the scalp, although invasive electrodes are sometimes used in specific applications. EEG measures voltage fluctuations resulting from ionic current within the neurons of the brain.[1] In clinical contexts, EEG refers to the recording of the brain's spontaneous electrical activity over a period of time,[1] as recorded from multiple electrodes placed on the scalp. Diagnostic applications generally focus on the spectral content of EEG, that is, the type of neural oscillations (popularly called "brain waves") that can be observed in EEG signals.
EEG is most often used to diagnose epilepsy, which causes abnormalities in EEG readings.[2] It is also used to diagnose sleep disorders, coma, encephalopathies, and brain death. EEG used to be a first-line method of diagnosis for tumors, stroke and other focal brain disorders,[3] but this use has decreased with the advent of high-resolution anatomical imaging techniques such asmagnetic resonance imaging (MRI) and computed tomography (CT). Despite limited spatial resolution, EEG continues to be a valuable tool for research and diagnosis, especially when millisecond-range temporal resolution (not possible with CT or MRI) is required.
Derivatives of the EEG technique include evoked potentials (EP), which involves averaging the EEG activity time-locked to the presentation of a stimulus of some sort (visual, somatosensory, or auditory). Event-related potentials (ERPs) refer to averaged EEG responses that are time-locked to more complex processing of stimuli; this technique is used in cognitive science, cognitive psychology, and psychophysiological research.
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	Band
	Frequency (Hz)
	Location
	Normally
	Pathologically

	Delta
	< 4
	frontally in adults, posteriorly in children; high-amplitude waves
	· adult slow-wave sleep
· in babies
· Has been found during some continuous-attention tasks[46]
	· subcortical lesions
· diffuse lesions
· metabolic encephalopathy hydrocephalus
· deep midline lesions

	Theta
	4 – 7
	Found in locations not related to task at hand
	· higher in young children
· drowsiness in adults and teens
· idling
· Associated with inhibition of elicited responses (has been found to spike in situations where a person is actively trying to repress a response or action).[46]
	· focal subcortical lesions
· metabolic encephalopathy
· deep midline disorders
· some instances of hydrocephalus

	Alpha
	8 – 15
	posterior regions of head, both sides, higher in amplitude on dominant side. Central sites (c3-c4) at rest
	· relaxed/reflecting
· closing the eyes
· Also associated with inhibition control, seemingly with the purpose of timing inhibitory activity in different locations across the brain.
	· coma

	Beta
	16 – 31
	both sides, symmetrical distribution, most evident frontally; low-amplitude waves
	· range span: active calm -> intense -> stressed -> mild obsessive
· active thinking, focus, hi alert, anxious
	· benzodiazepines

	Gamma
	32 +
	Somatosensory cortex
	· Displays during cross-modal sensory processing (perception that combines two different senses, such as sound and sight)[47][48]
· Also is shown during short-term memory matching of recognized objects, sounds, or tactile sensations
	· A decrease in gamma-band activity may be associated with cognitive decline, especially when related to the theta band; however, this has not been proven for use as a clinical diagnostic measurement

	Mu
	8 – 12
	Sensorimotor cortex
	· Shows rest-state motor neurons.[49]
	· Mu suppression could indicate that motor mirror neurons are working. Deficits in Mu suppression, and thus in mirror neurons, might play a role in autism.[50]


Electromyography (EMG) is an electrodiagnostic medicine technique for evaluating and recording the electrical activity produced byskeletal muscles.[1] EMG is performed using an instrument called an electromyograph, to produce a record called an electromyogram. An electromyograph detects the electrical potential generated by muscle cells[2] when these cells are electrically or neurologically activated. The signals can be analyzed to detect medical abnormalities, activation level, or recruitment order, or to analyze the biomechanics of human or animal movement.
EMG testing has a variety of clinical and biomedical applications. EMG is used as a diagnostics tool for identifying neuromuscular diseases, or as a research tool for studyingkinesiology, and disorders of motor control. EMG signals are sometimes used to guide botulinum toxin or phenol injections into muscles. EMG signals are also used as a control signal for prosthetic devices such as prosthetic hands, arms, and lower limbs.
EMG then acceleromyograph may be used for neuromuscular monitoring in general anesthesia with neuromuscular-blocking drugs, in order to avoid postoperative residual curarization (PORC).[3][4][5][6]
Except in the case of some purely primary myopathic conditions EMG is usually performed with another electrodiagnostic medicine test that measures the conducting function of nerves. This is called a nerve conduction studies (NCS). Needle EMG and NCSs are typically indicated when there is pain in the limbs, weakness from spinal nerve compression, or concern about some other neurologic injury or disorder.[7] Spinal nerve injury does not cause neck, mid back pain or low back pain, and for this reason, evidence has not shown EMG or NCS to be helpful in diagnosing causes of axial lumbar pain, thoracic pain, or cervical spine pain.[7] Needle EMG may aid with the diagnosis of nerve compression or injury (such as carpal tunnel syndrome), nerve root injury (such as sciatica), and with other problems of the muscles or nerves. Less common medical conditions include amyotrophic lateral sclerosis, myasthenia gravis, and muscular dystrophy.

Biotelemetry (or Medical Telemetry) involves the application of telemetry in the medical field to remotely monitor various vital signs of ambulatory patients
The most common usage for biotelemetry is in dedicated cardiac care telemetry units or step-down units in hospitals. Although virtually any physiological signal could be transmitted, application is typically limited to cardiac monitoring and SpO2.The stages of a components of a biotelemetery system includes-
The physiological signals are obtained from the subject (patiemt) by means of a appropriate transducer. The signal is then passed through a stage of amplification and processing circuit that include generation of subcarrier and a modulation stage for transmission. The receiver consist of a tuner to select the transmitting frequency, a demodulator to separate the signal from carrier wave, and a means of displaying or record signal. The signal can also be stored in the modulated state by the use of a tape recorder. The biotelemetery system involve a radio transmission, a radio frequency carrier is a high frequency sinusoidal signal which, when applied to an appropriate transmitting antenna, is propagated in the form of electromagnetic waves. The distance the transmitted signal can be received is called the range of the system. Information to be transmitted is impressed upon the carrier by a process known as modulation.
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 Blood pressure- 
Blood pressure is the pressure exerted by the flowing blood on the wall of blood vessels.
Blood pressure is measured by two instruments- ‘Stethoscope’ and ‘Sphygmomanometer’.
Prolonged and persistent increase in blood pressure is called Hypertension, which is a serious threat to human life.
Prolonged and persistent decrease in blood pressure is called Hypotension. It is also a serious condition for the health of human being. 
The normal blood pressure is 120/80mm of Hg.

Elements of intensive care units-
An intensive care unit (ICU), also known as an intensive therapy unit or intensive treatment unit (ITU) or critical care unit (CCU), is a special department of a hospital or health care facility that provides intensive treatment medicine.
Intensive care units cater to patients with severe and life-threatening illnesses and injuries, which require constant, close monitoring and support from specialist equipment and medications in order to ensure normal bodily functions. They are staffed by highly trained doctorsand nurses who specialise in caring for critically ill patients. ICU's are also distinguished from normal hospital wards by a higher staff-to-patient ratio and access to advanced medical resources and equipment that is not routinely available elsewhere. Common conditions that are treated within ICUs include ARDS, trauma, multiple organ failure and sepsis.[1]
Patients may be transferred directly to an intensive care unit from an emergency department if required, or from a ward if they rapidly deteriorate, or immediately after surgery if the surgery is very invasive and the patient is at high risk of complications.[
Common equipment in an ICU includes mechanical ventilators to assist breathing through an endotracheal tube or a tracheostomy tube; cardiac monitors including those withtelemetry; external pacemakers; defibrillators; dialysis equipment for renal problems; equipment for the constant monitoring of bodily functions; a web of intravenous lines, feeding tubes, nasogastric tubes, suction pumps, drains, and catheters; and a wide array of drugs to treat the primary condition(s) of hospitalization. Medically induced comas,analgesics, and induced sedation are common ICU tools needed and used to reduce pain and prevent secondary infections.

image1.png




image2.png




image3.png
| i =
/

N
e




image4.png
1
Vie = z(RA+ LA+ LL)




image5.png
» > >
1 n m
B2 BIh 8
s
avL avR





image6.png




image7.png




image8.png




image9.png




image10.png
1 Bl
aVR = RA - 5(LA+ LL) = 5(RA — Viy)




image11.png
1 Bl
aVL =LA~ 5(RA+LL) = 5(LA~ Vi)




image12.png
1 Bl
aVF = LL - 5(RA+ LA) = 5(LL - Viy)




image13.png
ILawral [ aVE | V1 Septal |V4 Anterior,
1T Inferior [aVL Lateral| V2 Septal | Vs Lateral
U1 Inferior [sVF Inferior V8 Anterior | V6 Lateral





image14.png




