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INTRODUCTION 

Acute postoperative pain is a complex physiologic 

reaction to tissue injury, visceral distention, or disease. It is a 

manifestation of autonomic, psychological, and behavioral 

responses that result in an unpleasant, unwanted sensory and 

emotional experience (Timothy et al., 2001 ). 

Despite advancement in pain management technology, 

acute pain services and professional practice guidelines which 

aimed at improving postoperative pain management, 

inadequacies and treatment gaps still exist, and its improvement 

remains a priority. Inadequately pain management can lead to 

detrimental physiological adverse effects (cardiac, pulmonary, 

autonomic, gastrointestinal, genitourinary, thromboembolic, and 

neuroendocrinal) and may also have psychological, economic 

and social adverse effects (Apfelbaum et al., 2003 ). 

Opioids continue to play a major role in the 

pharmacologic management of acute postoperative pain but 

are less efficacious in treating inflammatory or neuropathic 

pain. Moreover, the use of opioids often leads to undesirable 

side effects (respiratory depression, central nervous system 

depression, sedation, circulatory depression, nausea, vomiting, 

pruritus, urinary retention, impairment of bowel function, and 

sleep disruption) that can hamper or delay recovery from 

surgery(Chin, 2007 ). 
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Opioid patient-controlled analgesia is a modern and 

effective method of postoperative pain management  using a 

special analgesia pump. It permits the patient to self-administer 

small doses of opioid analgesic intravenously (IV) at frequent 

intervals, often provides more effective and sustained analgesia 

after major surgery (Kehlet, 1997 ). 

Treatment with other non-opioid modalities (neuroaxial 

analgesia and peripheral nerve block techniques) has the 

potential advantage of providing improved analgesia and early 

mobilization while reducing opioid side effects (Chin, 2007 ). 

Epidural anesthesia and analgesia have the potential 

to reduce or eliminate the perioperative physiologic stress 

responses to surgery and thereby decrease surgical 

complications and improve outcomes (Park WY et al., 

2001 ). 

Transversus abdominis plane (TAP) block is a regional 

anesthetic technique used to block myocutaneous sensation of 

anterior abdominal wall. This block has a number of 

advantages which include technical simplicity, high analgesic 

effectiveness, opioid sparing, long duration of effect (~30 - 36 

hour), minimal side effects in comparison to that associated 

with neuroaxial analgesia (e.g., hypotension, motor blockade) 

and opioid analgesia. TAP block may be posterior or subcostal 

TAP block (O’Donnell et al., 2006 ). 
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Valid and reliable pain assessment tools are essential for 

both clinical trials and effective pain management. Acute 

postoperative pain can be reliably assessed using physiologic 

data (heart and respiratory rates) and behavioral 

responses. Other diagnostic tools are used to assist in assessing 

the severity and quality of pain experienced by the patients 

such as Numeric Rating Scales  (NRS) or Visual Analogue 

Scales (VAS). Both these are more powerful in detecting 

changes in pain intensity than a Verbal Categorical Rating 

scale (VRS) (Breivik et al., 2000 ). 
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AIM OF THE WORK 

The aim of this work is to compare the post operative 

analgesic effects of ultrasound guided continuous subcostal 

TAP block with thoracic epidural analgesia & opioid patient 

control analgesia (PCA) in abdominal surgeries. 
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Chapter 1 

ULTRASOUND GUIDED  

NERVE BLOCKS 

Ultrasound (US) represents a new era in regional 

anesthesia, one of improved anatomical knowledge, 

enhanced practical techniques and increased predictability 

and success with reduced complications (Gelfand et al., 

2011 ). 

In recent years, the popularity of ultrasound-guided 

nerve blocks has significantly increased out of the recognition 

of its higher efficacy and safety. 

Basics of Ultrasound 

I. Characteristics of ultrasound:  

Ultrasound is a form of mechanical sound energy that 

travels through a conducting medium (e.g., body tissue) as a 

longitudinal wave producing alternating compression (high 

pressure) and rarefaction (low pressure). Sound propagation 

can be represented in a sinusoidal waveform (Figure 1) with a 

characteristic pressure (P), wavelength ג) ), frequency (f), 

period (T) and velocity (speed (c) + direction) (Sites et al., 

2007 ). 
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Fig. (1): Ultrasound wave form (Sites et al., 2007 ). 

US waves are so named as they are transmitted at a 

frequency greater than that of human acoustic sensory 

perception. Human hearing is in the 20-20, 000 Hz range, 

while the frequency of an ultrasound wave is above 20, 000 

Hz (or 20 KHz) and medical ultrasound commonly is in the 

2.5-15 MHz range (Sites et al., 2007 ). 

 Features of ultrasound wave:  

A. Frequency:  

It is the number of complete cycle per second. It is 

measured in Hertz (Hz). 

B. Wavelength:  

It is the distance between any two corresponding points in 

two successive cycles. Wavelength is in indirect relationship 

with frequency. 
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C. Amplitude:  

It is the difference in pressure between ambient and the 

peaks of the waveform. 

D. Velocity of ultrasound wave:  

It depends on:  

 Mass of the molecules of the material or tissues traveling in. 

 Spacing of the molecules. 

 Force between molecules. 

(Kossoff, 2000 ) 

II. Generation of an ultrasound wave:  

An ultrasound wave is generated when an electric field 

is applied to an array of piezoelectric crystals (which usally 

made of PZT ―lead zirocorante titanate‖) located on the 

transducer surface. Electrical stimulation causes mechanical 

distortion of the crystals resulting in vibration and production 

of sound waves (i.e. mechanical energy). The conversion of 

electrical to mechanical (sound) energy is called the converse 

piezoelectric effect (Edler and Lindstrom, 2004 ). 

Each piezoelectric crystal produces an ultrasound wave. 

The summation of all waves generated by the piezoelectric 

crystals forms the ultrasound beam. Ultrasound waves are 

generated in pulses (intermittent trains of pressure waves) and 
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each pulse commonly consists of 2 or 3 sound cycles of the 

same frequency. (Figure 2) 

 

Fig. (2): Schematic representation of ultrasound pulse generation (Chan, 

2009 ). 

The pulse length (PL) is the distance traveled per pulse. 

Waves of short pulse lengths improve axial resolution for 

ultrasound imaging (Chan, 2009 ). 

Pulse Repetition Frequency (PRF) is the rate of pulses 

emitted by the transducer (number of pulses per unit time). 

Ultrasound pulses must be spaced with enough time between 

pulses to permit the sound to reach the target of interest and 

return to the transducer before the next pulse is generated 

(Chan, 2009 ) 

III. Generation of an ultrasound image:  

An ultrasound image is generated when the pulse wave 

emitted from the transducer is transmitted into the body, 

reflected off the tissue interface and returned to the transducer 

(Lawrence, 2007 ). 
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The transducer waits to receive the returning wave (i.e., 

echo) after each pulsed wave. The transducer transforms the 

echo (mechanical energy) into an electrical signal which is 

processed and displayed as an image on the screen. The 

conversion of sound to electrical energy is called the 

piezoelectric effect (Figure 3) (Lawrence, 2007 ). 

 

Fig. (3): Direct and indirect piezoelectric effect (Lawrence, 2007 ). 

Modes of Ultrasound (Scanning Techniques) 

I. A-Mode (Amplitude):  

In this US mode, the echoes from tissue interfaces are 

represented on the monitor as a spike and the spike height 
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represents the amplitude of the echo. The distance of the 

interface from the transducer is calculated from the time taken 

for the signal to be sent and received, the ―round-trip time.‖ A-

mode US imaging is rarely used and is considered obsolete. 

(Fowlkes and Averkiou, 2011 ). 

II. B-Mode (Brightness) or 2D Mode:  

B-mode is the most commonly used US mode. In this 

mode, the spike is converted to a dot and the brightness of the 

dot represents the amplitude of the returning signal. The 

position of the dot on the display represents the depth from 

which the signal is returning and depends on the round-trip 

time of the US signal. Multiple scan lines across a plane are 

combined to produce a single two-dimensional (2D) image. A 

series of frames are then displayed in rapid succession to give 

the impression of constant motion, the quality of which 

depends on the number of images displayed per second, that is, 

the frame rate. (Fowlkes and Averkiou, 2011 ). 

III. M-Mode (Motion):  

M-Mode US is directed along a single scan line (sample 

line), and reflected signals along this scan line are converted to 

a brightness scale and displayed against a time axis. Because 

M mode is produced from US signals along a single scan-line, 

the 2D anatomy of the underlying body tissues should be 

studied first using 2D mode. M-mode is of particular interest 
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when time resolution is necessary, such as when examining a 

target with rapid movement (e.g., the mitral valve during 

echocardiography) (Fowlkes and Averkiou, 2011 ). 

Essentials of Ultrasound Imaging:  

I. Axis of Scan:  

Imaging of a target nerve or vessels may be performed 

in one or two directions (figure 4):  

A. Transverse, axial or short axis image: the transducer is 

oriented at right angles to the target, producing a cross-

sectional display of the structures. 

B. Longitudinal (sagittal), oblique, coronal axis or long axis 

imaging: the transducer is oriented parallel to and along the 

long axis of the target. 

(Schafhalter et al., 2004 ) 

 

Fig. (4): Shows axis of scan; transverse scan and longitudinal. scans. 

CA=carotid artery. IJV= internal jagular vein, SCM= sternoclidomastoid 

muscle, THY= thyroid gland (Nolsoe et al., 2007 ) 
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II. Probe and image orientation:  

The US image must be properly oriented to accurately 

identify the anatomic relations of the various structures on the 

monitor. To facilitate this, all US probes have an orientation 

marker that is usually represented by a groove or a ridge on 

one side of the transducer and corresponds to a green dot (or a 

logo) on the monitor. By convention, the orientation marker on 

the transducer is directed cephalad when performing a 

longitudinal scan and directed toward the right side of the 

patient when performing a transverse scan. This way the 

orientation marker on the left upper corner of the monitor 

always represents the cephalad end during a longitudinal scan 

or the right side of the patient during a transverse scan. The top 

of the display monitor, therefore, represents superficial 

structures and the bottom of the monitor, the deep structures 

(Karmakar and Kwok, 2009 ). 

III. Axis of intervention (needle imaging):  

A. In-plane technique:  

With the in-plane technique (Figures 5 and 6), the 

needle is advanced longitudinally to the ultrasound probe (In 

the same plane as US beam). 
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The advantages of this technique are:  

 Visualization is not confined to the tip but also extends to 

the shaft of the needle. 

 Accurate positioning on needle tip in relation to nerve. 

 Precise visualization of the spread of local anesthetic 

(LA) around the target nerve. 

 Avoidance of other non nerve structures. 

(Peer et al., 2003 ) 

B. Cross sectional technique (out of plane):  

With the cross-sectional technique (Figures 5 and 6) the 

needle is positioned transversal to the ultrasound probe, such 

that visualization in the ultrasound image is confined to the 

needle tip. The angle of needle insertion must be selected in 

such a way that the needle tip can be advanced precisely to the 

depth of the target structure. In addition to direct visualization, 

the needle is identified in the ultrasound image both by tissue 

displacement and by an acoustic shadow emerging dorsally at 

its tip. Attention must be paid when injecting the local 

anesthetic to visualize the spread of the anesthetic. Failure to 

visualize the local anesthetic in the ultrasound image during 

injection indicates that the needle tip is located outside the 

ultrasound window. The described technique is used for most 

nerve blocks (Kossoff, 2000 ). 
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Fig. (5): Needle-probe alignment. In out-of-plane alignment, only a cross-

section of one point of the needle is viewed; in an in-plane alignment, the 

entire needle shaft and tip can be seen (Chapman et al., 2006 ). 

 

Fig. (6): Axis of intervention. Out-of-plane and in-plane techniques (Tsui 

and Finucane, 2005 ). 

IV. Identification of peripheral nerve by ultrasound:  

Nerve trunks and their peripheral branches are composed 

of parallel bundles of nerve fibers organized in groups as 

fascicles. Fascicles vary in size and can contain from a few to 

hundred axons. Within a fascicle, the axons are separated by a 

delicate layer of connective tissue (endoneurium). In turn, the 
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fascicles are enclosed with a thicker layer of connective tissue 

(the perineurium) and the whole nerve by the thickest outer 

layer of connective tissue (epineurium). Sonographically, 

neural tissue appears hypoechogenic (dark), but the 

perineurium and, especially, the epineurium are 

hyperechogenic (white).Skeletal muscles also appear as 

structures with hypoechogenic and hyperechogenic areas but 

they can usually be distinguished from nerves because of their 

size and their relative lack of density of the hypoechogenic 

areas and by knowledge of anatomy. The hyperechogenic 

reflection of the epineurium is also usually brighter than that of 

the epimysium, although this distinction becomes less clear as 

the epimysium of muscles thickens toward tendonous 

insertions (Hopkins, 2007 ). 

On transverse scan of the nerves they appear round, oval, 

triangular, lip shaped, or even flat. Nerves also assume 

different shapes along their course depending on the 

surrounding structures. While on longitudinal scan, the 

appearance of peripheral nerves has been likened to a ―tram 

track, ‖ that is, parallel hyperechoic lines are seen against a 

background of echo-poor space (Hopkins, 2007 ). 

In conclusion, positive identification of nerve structures 

can be difficult. It is aided by a sound knowledge of the 

anatomy of the region of interest and the three dimensional 

course of the nerves themselves, and their surrounding 


