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Abstract:

Nurses are responsible for the monitoring and assessment of blood pressure (BP) in the clinical setting, and accurate measurement of BP is considered paramount in the management of cardiovascular risks. Despite advances in the monitoring of BP, knowledge of BP measurement is still poorly understood in both the medical and nursing professions. Accurate blood pressure measurement saves Lives surprisingly, even a small difference in measurement can have a considerable impact on the prevalence of cardiovascular events and life expectancy . Evidence has increasingly demonstrated that inaccurate measurement techniques often lead to the misclassification of large numbers of individuals as hypertensive. The impact of untreated or poorly treated hypertension on the health of patients is a major contributor to the overall burden of adult diseases in any population. Blood pressure determination continues to be an important measurement in clinical medicine, but is one of the most inaccurately performed measurements. Blood pressure is a powerful, consistent, and independent risk factor for cardiovascular disease and renal disease. Improper readings of BP can lead to over or under treatment of a patient. Health care providers can make measuring BP error free by avoiding the following pitfalls; inadequate BP equipment, incorrect positioning, improper cuff bladder size, incorrect technique and at least two readings are recommended (separated by 10-15 minutes if possible).
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Introduction:


Nurses are responsible for  monitoring and assessing  blood pressure (BP) in the clinical setting. Accurate measurement of BP is considered a paramount in the management of cardiovascular risks. Despite advances in the monitoring of BP, knowledge of BP measurement is still poorly understood in both the medical and nursing professions Jones et al., (2003). Measuring blood pressure accurately can save money according to data reported by the National Institutes of Health in 2002.  

Accurate blood pressure measurement saves Lives surprisingly, even a small difference in measurement can have a considerable impact on the prevalence of cardiovascular events and life expectancy (Neaton and Wentworth, 1992). Evidence has increasingly demonstrated that inaccurate measurement techniques often lead to the misclassification of large numbers of individuals as hypertensive. The impact of untreated or poorly treated hypertension on health is poor. Blood pressure determination continues is important for clinical medicine Above all, it is inaccurately performed measurement (Hall and Stephen, 1987). Blood pressure is a powerful, consistent, and independent risk factor for cardiovascular disease and renal disease. High  blood pressure is defined as a systolic blood pressure ≥140 mm Hg, diastolic blood pressure   ≥ 90 mm Hg. It requires antihypertensive medications (Lewis and  Stephen, 1994). Blood pressure measurement is a routine procedure for every clinical visit. Also, it is an important component of the diagnostic evaluation for hypertension (Perloff et al.,  1993).

Reliance on automated blood pressure measuring devices may lead to inaccurate readings in the presence of arrhythmias. Indirect measurement of blood pressure by the auscultatory method is the most widely accepted technique. The mercury sphygmomanometer remains the most commonly used instrument for  blood pressure measurement (Neaton and Wentworth, 1992). However, direct intra-arterial measurement is considered  the gold-standard method for determining blood pressure (Hall & Stephen, 1987and Jones et al., 2003). 

Historical Perspective


Stephen Hales conducted the first direct measurement of blood pressure in 1714 . Hales conducted his blood pressure studies on animals. However, it was not practical to carry out direct intra-arterial measurement of blood pressure on a routine basis (and it still is not today, even with more advanced technologies for performing the procedure) (Smulyan & Safar ,2011). In 1896, the  sphygmomanometer was developed  by Scipione Riva-Rocci who provided an indirect method for measuring blood pressure. Nicolai Korotkoff  described in 1905 the possibility for measuring blood pressure by the Riva-Rocci sphygmomanometer (Skirton et al., 2011). The blood pressure cuff was originally promoted as a tool to measure systolic blood pressure by the obliteration of the radial pulse. Palpation of the point at which the radial pulse was obliterated allowed for determination of the systolic blood pressure. Meanwhile, Korotkoff proposed listening for the appearance and disappearance of sounds to mark systolic and diastolic pressures (Neaton  and Wentworth, 1992) and (Lewis and Stephen, 1994).

Why Blood Pressure Monitoring is Important

High blood pressure is a significant risk factor for heart attack, stroke, kidney disease, and vision loss. It is often  referred to as the silent killer because it rarely causes any symptoms until considerable organ damage has occurred. That's why getting regular, accurate blood pressure readings are vital to your long-term health (Landgraf et al.,2010) and ( Skirton et al., 2011).

Blood Pressure Readings:


What they are: Two numbers designate blood pressure. The first one represents the maximum pressure reached when the heart beats. The second one represents the minimum pressure reached when the heart rests between beats. The first pressure is called the systolic and the second is called the diastolic (Myers et al.,  2011).

What they mean: These two numbers are used together and written as for example 120 over 80. The first, the systolic, is the pressure to which it spikes when the heart beats. The second, the diastolic, is the pressure to which it falls during the interval between beats  (Jones et al.,  2003) and (Neaton and Wentworth, 1992).

How to measure: A device called a sphygmomanometer allows an operator to hear the sounds made by a compressed artery as the compression pressure is allowed to fall from above the systolic to below the diastolic. The beginning of sound is the systolic and the end of sound is the diastolic (Landgraf et al. ,2010).

What the numbers  should  be, Table(1)  Myers et al.,  (2011):

		Blood Pressure Classification



		Systolic 

		Diastolic 

		Class 



		115 

		75 

		Desirable 



		120-139 

		80-89 

		Prehypertension 



		140-159 

		90-99 

		Hypertension Stage 1 



		160 or over 

		100 or over 

		Hypertension Stage 2 





Table(1) shows Blood Pressure Classification


What affects them: As stated previously many different factors can adversely affect the blood pressure (Jin et al.,  2001):

· Not sitting quietly.


· Not sitting quietly for 3 minutes.


· Waiting too long before taking it.


· Feet not flat on floor (dangling or legs crossed).


· Back not supported.


· Use of nicotine, alcohol, or caffeine within 30 minutes prior.


· Rolled up sleeve (compresses arm).


· Clothing still on arm.


· Bladder full (urinary that is).


· Incorrect size cuff (usually too small).


· Cuff not positioned properly (edges must be aligned, 1 inch above bend of elbow).


· Incorrect arm (the right upper arm is the correct place to take BP). Not the forearm, nor the wrist, nor the finger.


· Arm not relaxed.


· Arm not supported.


· Arm not at heart level. Allowed to be straight down.


· Talking (either operator or patient).


Factors Affecting Incorrect Readings

1. Using the wrong-sized cuff


The most common error when using indirect blood pressure measuring equipment is using an incorrectly sized cuff. A BP cuff that is too large will give falsely low readings, while an overly small cuff will provide readings that are falsely high. The American Heart Association (AHA) publishes recommending that the bladder length and width (the inflatable portion of the cuff) should be 80 percent and 40 percent respectively, of arm circumference. Most practitioners find measuring bladder and arm circumference to be overly time consuming, so they don’t do it (Coe and Houghton, 2002). The most practical way to quickly and properly size a BP cuff is to pick a cuff that covers two-thirds of the distance between your patient’s elbow and shoulder. Carrying at least three cuff sizes (large adult, regular adult, and pediatric) will fit the majority of the adult population. Multiple smaller sizes are needed if you frequently treat pediatric patients (Reinders  et al.,  2003).

Mc Kay (1990), Jones et al.,  (2003) and Skirton et al.,  (2011) identified  5 phases of readings: 

· I – first detectable sounds, corresponding to appearance of a palpable pulse 


· II – sounds become softer, longer and may occasionally transiently disappear


· III – change in sounds to a thumping quality (loudest)


· IV – pitch intensity changes and sounds become muffled


· V – sounds disappear


2. Incorrectly positioned patient’s body

The second most common error in BP measurement is incorrect limb position. To accurately assess blood flow in an extremity, influences of gravity must be eliminated (Jin et al., 2001). The standard reference level for measurement of blood pressure by any technique (direct or indirect) is at the level of the heart. When using a cuff, the arm (or leg) where the cuff is applied must be at mid-heart level. Measuring BP in an extremity positioned above heart level will provide a falsely low BP whereas falsely high readings will be obtained whenever a limb is positioned below heart level. Errors can be significant — typically 2 mmHg for each inch the extremity is above or below heart level (Skirton et al., 2011). A seated upright position provides the most accurate blood pressure, as long as the arm in which the pressure is taken remains at the patient’s side. Patients lying on their side, or in other positions, can pose problems for accurate pressure measurement. To correctly assess BP in a side lying patient, hold the BP cuff extremity at mid heart level while taking the pressure. In seated patients, be certain to leave the arm at the patient’s side (Perloff et al., 1993).

Arterial pressure transducers are subject to similar inaccuracies when the transducer is not positioned at mid-heart level. This location, referred to as the phlebostatic axis, is located at the intersection of the fourth intercostal space and mid-chest level (halfway between the anterior and posterior chest surfaces  (Baker and Ende, 1995).  Note that the mid-axillary line is often not at mid-chest level in patients with kyphosis or COPD. Therefore, it should not be used as a landmark. Incorrect leveling is the primary source of error in direct pressure measurement with each inch the transducer is misleveled causing a 1.86 mmHg measurement error. When above the phlebostatic axis, reported values will be lower than actual; when below the phlebostatic axis, reported values will be higher than actual (Prineas and Jacobs, 1983).

3. Placed the cuff incorrectly

The standard for blood pressure cuff placement is the upper arm using a cuff on bare skin with a stethoscope placed at the elbow fold over the brachial artery. The patient should be sitting, with the arm supported at mid heart level, legs uncrossed, and not talking. Measurements can be made at other locations such as the wrist, fingers, feet, and calves but will produce varied readings depending on distance from the heart (Canzanello et al.,2001).

The mean pressure, interestingly, varies little between the aorta and peripheral arteries, while the systolic pressure increases and the diastolic decreases in the more distal vessels. Crossing the legs increases systolic blood pressure by 2 to 8 mmHg. About 20 percent of the population has differences of more than 10 mmHg pressure between the right and left arms. In cases where significant differences are observed, treatment decisions should be based on the higher of the two pressures (Sykes et al., 1990).

4. Readings exhibit ‘prejudice’

Prejudice for normal readings significantly contributes to inaccuracies in blood pressure measurement. No doubt, you’d be suspicious if a fellow EMT reported blood pressures of 120/80 on three patients in a row. As creatures of habit, human beings expect to hear sounds at certain times and when extraneous interference makes a blood pressure difficult to obtain, there is considerable tendency to “hear” a normal blood pressure (Hall and Stephen, 1987). Orthostatic hypotension is defined as a decrease in systolic blood pressure of 20 mmHg or more, or diastolic blood pressure decrease of 10 mmHg or more measured after three minutes of standing quietly (Skirton et al.,  2011).

There are circumstances when BP measurement is simply not possible. For many years, trauma resuscitation guidelines taught that rough estimates of systolic BP (SBP) could be made by assessing pulses. Presence of a radial pulse was thought to correlate with an SBP of at least 80 mmHg, a femoral pulse with an SBP of at least 70, and a palpable carotid pulse with an SBP over 60. In recent years, vascular surgery and trauma studies have shown this method to be poorly predictive of actual blood pressure. Noise is a factor that can also interfere with BP measurement. Many ALS units carry doppler units that measure blood flow with ultrasound waves. Doppler units amplify sound and are useful in high noise environments  (Askey, 1974).

BP by palpation or obtaining the systolic value by palpating a distal pulse while deflating the blood pressure cuff generally comes within 10 – 20 mmHg of an auscultated reading. A pulse oximeter waveform can also be used to measure return of blood flow while deflating a BP cuff, and is as accurate as pressures obtained by palpation. In patients with circulatory assist devices that produce non-pulsatile flow such as left ventricular assist devices (LVADs), the only indirect means of measuring flow requires use of a doppler (Jin et al.,  2001) and (Baker and Ende, 1995).

Clothing, patient access, and cuff size are obstacles that frequently interfere with conventional BP measurement. Consider using alternate sites such as placing the BP cuff on your patient’s lower arm above the wrist while auscultating or palpating their radial artery. This is particularly useful in bariatric patients when an appropriately sized cuff is not available for the upper arm. The thigh or lower leg can be used in a similar fashion (in conjunction with a pulse point distal to the cuff) Handler, (2009).

5. Not handling electronic units correctly

Electronic blood pressure units are also called Non Invasive Blood Pressure (NIBP) machines, sense air pressure changes in the cuff caused by blood flowing through the BP cuff extremity. Sensors estimate the Mean Arterial Pressure (MAP) and the patient’s pulse rate. Software in the machine uses these two values to calculate the systolic and diastolic BP. To assure accuracy from electronic units, it is important to verify the displayed pulse with an actual patient pulse. Differences of more than 10 percent will seriously alter the unit’s calculations and produce incorrect systolic and diastolic values on the display screen (O'Brien et al.,  2003) and (Long et al., 2004). Given that MAP is the only pressure actually measured by an NIBP, and since MAP varies little throughout the body, it makes sense to use this number for treatment decisions (Ostchega et al., 2003). A normal adult MAP ranges from 70 to 105 mmHg. As the organ most sensitive to pressure, the kidneys typically require an MAP above 60 to stay alive, and sustain irreversible damage beyond 20 minutes below that in most adults. Because individual requirements vary, most clinicians consider a MAP of 70 as a reasonable lower limit for their adult patients (Skirton et al.,  2011).

Increased use of NIBP devices, coupled with recognition that their displayed systolic and diastolic values are calculated while only the mean is actually measured, have led clinicians to pay much more attention to MAPs than in the past. Many progressive hospitals order sets and prehospital BLS and ALS protocols have begun to treat MAPs rather than systolic blood pressures. Finally, and especially in the critical care transport environment, providers will encounter patients with significant variations between NIBP (indirect) and arterial line (direct) measured blood pressure values (Houweling et al., 2006)

CONCLUSIONS

Improper readings of BP can lead to over or under treatment of a patient. Health care providers can make measuring BP error free by avoiding the following pitfalls:


1. Inadequate BP equipment. Aneroid gauges should be calibrated every six months against a mercury manometer.


2. Incorrect positioning. The BP should be taken in a sitting position with the patient's back supported for five minutes and the arm supported at the level of heart.


3. Improper cuff bladder size. The length of the BP cuff bladder should be 80 percent (two-thirds of the upper arm length, measured from the acromion to the oclecranon process) and the width at least 60% of the upper arm circumference.


4. Incorrect technique. The cuff should be inflamed quickly to 20 mmHg above the systolic pressure as estimated from the loss of brachial pulse and it should be deflated 3 mmHg per second.


5. At least two readings are recommended (separated by 10-15 minutes if possible).
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