OSCE Code C.17
DIAGNOSTIC PROCEDURES & TESTS: blood pressure

GP TRAINEE INSTRUCTION SHEET
TASK 
Measure the patient's blood pressure. There is no need to take a history from the patient, but you may ask questions and give any explanations and advice that you feel are appropriate.
SCENARIO

You do not know this patient and there is nothing of significance in his/her records except a recent letter from the blood transfusion service stating that she/he was found to have a blood pressure of 165/100.
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         ASSESSORS INSTRUCTION SHEET
DIAGNOSTIC PROCEDURES AND TESTS - Blood Pressure Measurement

Aim

The aim of this station is to assess the ability of the Trainee to measure blood pressure correctly (according to British Hypertension Society recommendations) whilst communicating appropriately with the patient.
Patient

The assessor him/herself can play the role of the patient, but a separate person can be used if preferred.
Equipment & Consultation Room

An aneroid sphygmomanometer and a mercury sphygmomanometer - both with labels stating that they were checked on the same date more than six months prior to the date of this OSCE.
A standard cuff (size 23cm x 12 cm)

A large cuff (size 35 cm x 15 cm)

A stethoscope
Please make up a set of records yourself - these should not show a recent blood pressure measurement or evidence of a cause of secondary hypertension.

They should include a letter from the Blood Transfusion service stating that the patient has been found to have a blood pressure of 165/100.
Copy of handout 
ABC of Hypertension, BMJ 2001;322:981-985 ( 21 April ), BMJ 2001;322:1043-1047 ( 28 April ) Beevers et al
plus Information Feedback Sheet 
(please photocopy as required for GP Trainees to take away)

During the Consultation

Please assess the Trainee's technique and behaviour in measuring blood pressure using the checklist. The attached recommendations are a useful reference.

The consultation should be stopped after 7 - 10 minutes, at your discretion, depending on how you feel the consultation is going and how much time you need for feedback.
After the Consultation

1. Five to seven minutes will remain for feedback and discussion.
2. Complete the assessor's feedback sheet and ask the patient to complete his/her feedback sheet.

3. Invite the trainee to say what he/she did well and what he/she might have done differently.

4. Invite the patient to give verbal feedback.

5. Using the feedback sheet, give your own verbal feedback.

6. Give the trainee both feedback sheets to take away.
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               ASSESSORS FEEDBACKSHEET
DIAGNOSTIC PROCEDURES AND TESTS - Blood Pressure Measurement

GP Trainees Name. ...............................................................................................

Aim

To assess the GP Trainee's ability to measure blood pressure accurately and interpret his/her findings.
A= Completed satisfactorily;     B= Attempted/partially completed;     C= Not attempted









A

B

C

1. Mercury sphygmomanometer chosen


( )

( )

( )
2. Chooses appropriate bladder for patient's size

( )

( )

( )
3. Explanation to patient




( )

( )

( )
4. Patient seated for 3 minutes when BP measured

( )

( )

( )
5. Ann horizontal and supported



( )

( )

( )
6. Tight/restrictive clothing removed



( )

( )

( )
7. Brachial artery palpated




( )

( )

( )
8. Centre of bladder over artery



( )

( )

( )
9. Tubing placed superiorly




( )

( )

( )
l0. Systolic pressure checked by palpation


( )

( )

( )
11. Pressure raised to 30mm Hg above systolic 

( )

( )

( )

12. Stethoscope over artery 




( )

( )

( )

13. Pressure reduced at 2-3 nun Hg/pulse beat 

( )

( )

( )

14. Measurements to nearest 2mm. Hg 


( )

( )

( )

15. Diastolic-Korotokow phase 5 used 


( )

( )

( )

(Check by asking trainee how he recognises diastolic pressure)

15. Second measurement taken after 1 minute 

( )

( )

( )

16. Patient informed that 2 further readings 


( )

( )

( )
      will be required over the next three months

OSCE Code C.17



               ASSESSORS FEEDBACKSHEET
DIAGNOSTIC PROCEDURES AND TESTS - Blood Pressure Measurement

GENERAL COMMENTS
PLEASE COMPLETE IMMEDIATELY AND HAND TO THE GP TRAINEE AFTER THE FEEDBACK SESSION
Please show this assessment to your Trainer, so that you can discuss it further.
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               ASSESSORS FEEDBACKSHEET
DIAGNOSTIC PROCEDURES AND TESTS - Blood Pressure Measurement

GP Trainee's Name.........................................................................................

After the consultation for each question please ring the response which you feel is correct:-
A. COMMUNICATION

I had adequate opportunity to express my problem


YES      NO     NOT SURE

The nature of my problem was explained to me


YES      NO     NOT SURE
I was able to discuss what needed to be done to help me

YES      NO     NOT SURE
The doctor used language I could understand


YES      NO     NOT SURE
B. DOCTOR/PATIENT RELATIONS
I was treated with respect 





YES      NO     NOT SURE
The doctor was sensitive to my feelings 



YES      NO     NOT SURE
I felt at ease with the doctor





YES      NO     NOT SURE
C. PERSONAL ATTRIBUTES

I felt the doctor was competent




YES      NO     NOT SURE
I trust this doctor






YES      NO     NOT SURE
OVERALL

I would consult this doctor again




YES      NO     NOT SURE
GENERAL COMMENTS :
PLEASE COMPLETE IMMEDIATELY AND HAND TO THE GP TRAINEE AFTER THE FEEDBACK SESSION

Please show this assessment to your Trainer, so that you can discuss it further.
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                                                HANDOUT SHEET

Clinical review  ABC of hypertension    BMJ 2001;322:981-985 ( 21 April )

Part I
Gareth Beevers, Gregory Y H Lip, Eoin O'Brien.  

METHODS OF BP MEASUREMENT
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Most devices for measuring blood pressure are dependent on one common feature, namely, occluding the artery of an extremity (arm, wrist, finger, or leg) with an inflatable cuff to measure blood pressure either oscillometrically, or by detection of Korotkoff sounds. Other techniques, which are not dependent on limb occlusion, such as pulse-waveform analysis, can also be used, but these have little application in clinical practice. The array of techniques available today owe their origins to the conventional technique of auscultatory blood pressure measurement, and these new techniques must indeed be shown to be as accurate as the traditional mercury sphygmomanometer. Since the introduction of sphygmo- manometry, mercury and aneroid sphygmomanometers have been the most popular devices for measuring blood pressures. 
FACTORS AFFECTION BP MEASUREMENT
No matter which device is used to measure blood pressure, it must be recognised that blood pressure is a variable haemodynamic phenomenon, which is influenced by many factors, not least being the circumstances of measurement itself. These influences on blood pressure can be significant, often accounting for rises in systolic blood pressure greater than 20 mm Hg, and if they are ignored, or unrecognised, hypertension will be diagnosed erroneously and inappropriate management instituted. These factors have to be carefully considered in all circumstances of blood pressure measurement[image: image1.png]


self measurement by patients, conventional measurement, measurement with automated devices whether in a doctor's surgery, an ambulance, a pharmacy, or in hospital using sophisticated technology. 1 2 

VARIABILITY OF BP
The observer must be aware of the considerable variability that may occur in blood pressure from moment to moment with respiration, emotion, exercise, meals, tobacco, alcohol, temperature, bladder distension, and pain, and that blood pressure is also influenced by age, race, and circadian variation. It is usually at its lowest during sleep. It is not always possible to modify these many factors but we can minimise their effect by taking them into account in reaching a decision as to the relevance or otherwise of a particular blood pressure measurement.1 

	Important factors affecting measurement 

· The inherent variability of blood pressure 

· The defence reaction 

· The limitations of the device being used 

· The accuracy of the device 

· Blood pressure is not as easily measured in some groups, such as elderly people
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Insofar as is practical the patient should be relaxed in a quiet room at a comfortable temperature and a short period of rest should precede the measurement. When it is not possible to achieve optimum conditions, this should be noted with the blood pressure reading[image: image3.png]


for example, "BP 154/92, R arm, V phase (patient very nervous)." 

WHITE COAT HYPERTENSION
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Anxiety raises blood pressure, often by as much as 30 mm Hg. This may be regarded as a physiological reaction, often referred to as the "fight and flight" phenomenon, or "defence" or "alarm" reaction. It is commonly seen in the accident and emergency departments of hospitals when patients are frightened and extremely anxious, but it may also occur in family doctors' surgeries and in the outpatients department. It may occur in normotensive and hypertensive subjects. The degree of this reaction varies greatly from patient to patient, being absent in many, and it is usually reduced or abolished altogether with reassurance and familiarisation with the technique and circumstances of blood pressure measurement. Its importance in practice is that decisions to lower blood pressure, and especially to administer drugs, should never be made on the basis of measurements taken in circumstances where the defence reaction is likely to be present. 

White coat hypertension is a condition in which a normotensive subject becomes hypertensive during blood pressure measurement, but pressures then settle to normal outside the medical environment. It is best demonstrated by ambulatory blood pressure measurement (ABPM). 
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No one group seems to be exempt from the white coat phenomenon; it may affect the young, the elderly, normotensive and hypertensive subjects, and pregnant women. In young subjects with borderline elevation of conventional blood pressure, identification of white coat hypertension can be of considerable importance in avoiding undue penalties for insurance and employment. Moreover, there are no characteristics that allow for the identification of the phenomenon, other than by obtaining blood pressures away from the medical environment, either by self measurement in the home or with ABPM, which is the technique of choice. Patients diagnosed as "hypertensive" with conventional measurement in whom white coat hypertension is considered a possibility should have ABPM performed before they are labelled "hypertensive," and certainly before treatment is instigated. 

POSTURE OF SUBJECT

Posture affects blood pressure, with a general tendency for it to increase from the lying to the sitting or standing position. However, in most people posture is unlikely to lead to significant error in blood pressure measurement provided the arm is supported at heart level. None the less, it is advisable to standardise posture for individual patients and in practice blood pressure is usually measured in the sitting position. Patients should be comfortable whatever their position. No information is available on the optimal time that a subject should remain in a particular position before a measurement, but three minutes is suggested for the lying and sitting positions and one minute standing. Some antihypertensive drugs cause postural hypotension, and when this is expected blood pressure should be measured both lying and standing.1 
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ARM SUPPORT
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If the arm in which measurement is being made is unsupported, as tends to happen if the subject is sitting or standing, isometric exercise is performed raising blood pressure and heart rate. Diastolic blood pressure may be raised by as much as 10% by having the arm extended and unsupported during blood pressure measurement. The effect of isometric exercise is greater in hypertensive patients and in those taking [image: image4.png]


 blockers. It is essential, therefore that the arm is supported during blood pressure measurement and this is best achieved in practice by having the observer hold the subject's arm at the elbow, although in research the use of an arm support on a stand has much to commend it.1 

ARM POSITION
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The arm must also be horizontal at the level of the heart as denoted by the midsternal level. Dependency of the arm below heart level leads to an overestimation of systolic and diastolic pressures and raising the arm above heart level leads to underestimation. The magnitude of this error can be as great as 10 mm Hg for systolic and diastolic pressures. This source of error becomes especially important in the sitting and standing positions, when the arm is likely to be dependent by the subject's side. However, it has been demonstrated that even in the supine position an error of 5 mm Hg for diastolic pressure may occur if the arm is not supported at heart level. 1 2 Arm position has become an important issue for self measurement of blood pressure with the manufacture of devices for measuring blood pressure at the wrist, which are proving very popular because of the ease of measurement. Many of these devices are inherently inaccurate, but measurement is extremely inaccurate if the wrist is not held at heart level during measurement. 
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WHICH ARM
This topic remains controversial as some studies, but not all, using simultaneous measurement have demonstrated significant differences between arms.1 However, the fact that blood pressure differences between arms are variable makes the issue even more problematical. A reasonable policy is to measure blood pressure in both arms at the initial examination, and if differences greater than 20 mm Hg for systolic or 10 mm Hg for diastolic pressure are present on three consecutive readings the patient should be referred to a cardiovascular centre for further evaluation. 
THE CUFF AND BLADDER
The cuff is an inelastic cloth that encircles the arm and encloses the inflatable rubber bladder. It is secured around the arm most commonly by means of Velcro on the adjoining surfaces of the cuff, occasionally by wrapping a tapering end into the encircling cuff, and rarely by hooks. Velcro surfaces must be effective, and when they lose their grip the cuff should be discarded. It should be possible to remove the bladder from the cuff so that the latter can be washed from time to time.1 

	Mismatching of bladder and arm 

· Bladder too small Overestimation of BP
Undercuffing 

· Bladder too large Underestimation of BP
Overcuffing 

· Undercuffing more common than Overcuffing


"Cuff hypertension" 
However sophisticated a blood pressure measuring device may be, if it is dependent on cuff occlusion of the arm (as are the majority of devices), it will then be prone to the inaccuracy induced by miscuffing, whereby a cuff containing a bladder that is either too long or too short relative to arm circumference is used. 

A review of the literature on the century-old controversy relating to the error that may be introduced to blood pressure measurement by using a cuff with a bladder of inappropriate dimensions for the arm for which it is intended has shown that miscuffing is a serious source of error, which must inevitably lead to incorrect diagnosis in practice and erroneous conclusions in hypertension research.3 There is unequivocal evidence that either too narrow or too short a bladder (undercuffing) will cause overestimation of blood pressure, so called "cuff hypertension," and there is growing evidence that too wide or too long a bladder (overcuffing) may cause underestimation of blood pressure. Undercuffing has the effect in clinical practice of overdiagnosing hypertension and overcuffing leads to hypertensive subjects being diagnosed as normotensive. Either eventuality has serious implications for the epidemiology of hypertension and clinical practice. 

Recommended bladder dimensions. Data reproduced from O'Brien E, Petrie J, Littler WA et al. Blood Pressure Measurement: Recommendations of the British Hypertension Society. London: BMJ Books, 1997 
	A proposal for the future[image: image5.png]


the "Adjustable Cuff" 

On the basis of a thorough examination of the literature and aware of the advances in cuff design, the design features for an "Adjustable Cuff," which would be applicable to all adult arms, have been proposed,4 and one such cuff is presently undergoing testing (AC Cosor and Sons Ltd (Surgical), London, UK).


A review of the literature shows that a number of approaches have been used over the years to cope with the difficulty of mismatching and none has been ideal. These have included application of correction factors, a range of cuffs, cuffs containing a variety of bladders, and a cuff for the majority of arms. 
BLOOD PRESSURE MEASUREMENT IN SPECIAL SUBJECTS

Certain groups of people merit special consideration for blood pressure measurement, either because of age, body habitus, or disturbances of blood pressure related to haemodynamic alterations in other parts of the cardiovascular system. Although there is evidence that many subgroups of the hypertensive population may have peculiarities affecting the accuracy of measurement, such as patients with renal disease, patients with diabetes mellitus, women with pre-eclampsia, and youths with "spurious" hypertension, discussion will be confined to children, the elderly, obese subjects, and pregnant women. 

	


  

	Mean systolic (top) and diastolic (bottom) blood pressures of boys and girls from birth to 18 years. Diastolic blood pressure reflects the use of phase IV Korotkov sounds. Reproduced with permission from de Swiet M, Dillon MJ, Littler W, O'Brien E, Padfield PL, Petrie JC. Measurement of blood pressure in children. Recommendations of a working party of the British Hypertension Society. BMJ 1989;299:469-70 



	


Children 
Blood pressure measurement in children presents a number of difficulties and variability of blood pressure is greater than in adults, and thus any one reading is less likely to represent the true blood pressure. Also increased variability confers a greater tendency for regression towards the mean. Conventional sphygmomanometry is recommended for general use, but systolic pressure is preferred to diastolic pressure because of greater accuracy and reproducibility. Cuff dimensions are most important and three cuffs with bladders measuring 4×13 cm, 10×18 cm, and the adult dimensions 12×26 cm are required for the range of arm sizes likely to be encountered in the age range 0-14 years. The widest cuff practicable should be used. Korotkoff sounds are not reliably audible in all children under one year and in many under five years of age. In such cases conventional sphygmomanometry is impossible and more sensitive methods of detection such as Doppler, ultrasound, or oscillometry must be used.4 

Elderly people 
In epidemiological and interventional studies blood pressure predicts morbidity and mortality in elderly people as effectively as in the young.5 The extent to which blood pressure predicts outcome may be influenced by various factors that affect the accuracy of blood pressure measurement and the extent to which casual blood pressure represents the blood pressure load on the heart and circulation.6 

	


 
  

	Epidemiological graph for the risk of hypertension in the elderly. Reproduced with permission from Dahloff B, Lindholm LH, Hansson L, Schersten B, Ekbom T, Wester PO. Morbidity and mortality in the Swedish Trial in Old Patients with Hypertension (STOP-Hypertension). Lancet 1991;394:405-12 



	


The elderly are subject to considerable blood pressure variability, which can lead to a number of circadian blood pressure patterns that are best identified using ambulatory blood pressure measurement. The practical clinical consequence of these variable patterns in the elderly is that blood pressure measuring techniques can be inaccurate and/or misleading. 
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Pseudohypertension 
It has been postulated that as a consequence of the decrease in arterial compliance and arterial stiffening with ageing, indirect sphygmomanometry becomes inaccurate. This has led to the concept of "pseudohypertension" to describe patients with a large discrepancy between cuff and direct blood pressure measurement.7 The significance of this phenomenon has been disputed,8 but in elderly patients in whom blood pressure measured with the conventional technique seems to be out of proportion to the clinical findings, referral to a specialist cardiovascular centre for further investigation may be appropriate. 
Overweight people 
The association between obesity and hypertension has been known since 1923. The link has been confirmed in many epidemiological studies, and has at least two components.9 Firstly, there appears to be a pathophysiological connection and it may well be that in some cases the two conditions are causally linked, and secondly, if not taken into account, it may result in inaccurate blood pressure values being obtained by indirect measurement techniques. 

Obesity may affect the accuracy of blood pressure measurement in children, young people, the elderly, and pregnant women. 

The relationship of arm circumference and bladder dimensions has been discussed above. If the bladder is too short, blood pressure will be overestimated[image: image8.png]


"cuff hypertension"[image: image9.png]


and, if too long, blood pressure may be underestimated.3 

	


 
  

	Taking blood pressure of a pregnant woman 



	


Arrhythmias 
The difficulty in measuring blood pressure in patients with arrhythmias is that when cardiac rhythm is irregular there is a large variation in blood pressure from beat to beat. Thus in arrhythmias, such as atrial fibrillation, stroke volume and as a consequence blood pressure vary, depending on the preceding pulse interval. Secondly, in such circumstances, there is no generally accepted method of determining auscultatory endpoints. Furthermore blood pressure measuring devices vary greatly in their ability to accurately record blood pressure in patients with atrial fibrillation, indicating that devices should be validated independently in patients with arrhythmias.10 

In bradyarrhythmias there may be two sources of error. Firstly, if the rhythm is irregular the same problems as with atrial fibrillation will apply. Secondly, when the heart rate is extremely slow, for example 40 beats per minute, it is important that the deflation rate used is less than for normal heart rates as too rapid deflation will lead to underestimation of systolic and overestimation of diastolic pressure. 

Pregnancy 
Clinically relevant hypertension occurs in more than 10% of pregnant women in most populations, and in a significant number of these raised blood pressure is a key factor in medical decision making in the pregnancy. Particular attention must be paid to blood pressure measurement in pregnancy because of the important implications for patient management, as well as the fact that it presents some special problems.11 

There has been much controversy as to whether the muffling or disappearance of sounds should be taken for diastolic blood pressure. The general consensus from obstetricians based on careful analysis of the evidence is that disappearance of sounds (fifth phase) is the most accurate measurement of diastolic pressure, with the proviso that in those rare instances in which sounds persist to zero the fourth phase of muffling of sounds should be used. 12 13 
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Conventional sphygmomanometry: technique of auscultatory blood pressure measurement     

Gareth Beevers, Gregory Y H Lip, Eoin O'Brien.  

The measurement of blood pressure in clinical practice by the century-old technique of Riva-Rocci/Korotkoff is dependent on the accurate transmission and interpretation of a signal (Korotkoff sound or pulse wave) from a subject via a device (the sphygmomanometer) to an observer. Errors in measurement can occur at each of these interactionary points of the technique, but by far the most fallible component is the observer. 

	Rose classification of observer error 

· Systematic error 

· Terminal digit preference 

· Observer prejudice


OBSERVER ERROR

In 1964, Geoffrey Rose and his colleagues classified observer error into three categories.1 

	Observer training techniques 

· Direct instruction by an experienced observer 

· Instruction manuals and booklets 

· Audiotapes 

· Video films 

· CD Rom presentations


Systematic error
 This leads to both intraobserver and interobserver error. It may be caused by lack of concentration, poor hearing, confusion of auditory and visual cues, etc. The most important factor is failure to interpret the Korotkoff sounds accurately, especially for diastolic pressure. 

Terminal digit preference
This refers to the phenomenon whereby the observer rounds off the pressure reading to a digit of his or her choosing, most often to zero. Doctors may have a 12-fold bias in favour of the terminal digit zero; this has grave implications for decisions on diagnosis and treatment, although its greatest effect is in epidemiological and research studies in which it can distort the frequency distribution curve and reduce the power of statistical tests.2 
Observer prejudice or bias
 This is the practice whereby the observer simply adjusts the pressure to meet his or her preconceived notion of what the pressure should be. It usually occurs when there has been recording of an excess of pressures below the cut-off point for hypertension and it reflects the observer's reluctance to diagnose hypertension. This is most likely to occur when an arbitrary division is applied between normal and high blood pressure, for example 140/90 mm Hg. An observer might tend to record a favourable measurement in a young healthy man with a borderline increase in pressure, but categorise as hypertensive an obese, middle aged man with a similar reading. Likewise, there might be observer bias in overreading blood pressure to facilitate recruitment for a research project, such as a drug trial. Observer prejudice is a serious source of inaccuracy, as the error cannot usually be demonstrated.3 

Overcoming error by observer training
The technique of auscultatory blood pressure measurement is a complicated one that is often taken for granted. Instruction to medical students and nurses has not always been as comprehensive as it might be, and assessment for competence in measuring blood pressure has been a relatively recent development.4 Ironically, these methods of achieving much needed improvement in performing the auscultatory technique have arrived as the mercury sphygmomanometer is under threat and as automated devices move in to replace the observer; these have included: direct instruction using a binaural stethoscope; the use of manuals, booklets, and published recommendations; audiotape training methods; videofilm methods, and, most recently, CD Rom methods. The CD Rom produced by the Working Party on Blood Pressure Measurement of the British Hypertension Society in 19985 incorporates instruction, with examples of blood pressure measurement using a falling mercury column with Korotkoff sounds and a means for the student to assess competence in the technique using a series of examples. The CD is accompanied by the British Hypertension Society booklet Blood pressure measurement: recommendations of the British Hypertension Society.6 

	Recommendations for observer training 

Training observers in clinical practice: nursing and medical students, doctors, paramedical personnel 

· Instruction in the theory of hypertension and blood pressure measurement 

· Booklet for reading, eg BHS Recommendations on blood pressure measurement 

· Tutorial sessions with demonstrations using a binaural or multiaural stethoscope 

· CD Rom demonstration using, eg, the BHS CD Rom 

· CD Rom assessment 

· Repeat CD Rom assessment until level of accuracy achieved 

· Reassessment using BHS CD Rom every two years 

Training observers in research 

· Measurement of blood pressure[image: image12.png]


highest possible standard 

· Level of accuracy [image: image13.png]


90% of SBP and DBP within 5 mm Hg
[image: image14.png]


100% within 10 mm Hg of an expert observer 

· Instruction in the theory of hypertension and blood pressure measurement 

· Audiogram to check auditory acuity 

· Booklet for reading, eg BHS Recommendations on blood pressure measurement 

· Tutorial sessions with demonstrations using a binaural or multiaural stethoscope 

· CD Rom demonstration using, eg the BHS CD Rom 

· CD Rom assessment 

· Repeat CD Rom assessment until level of accuracy achieved 

· Training and assessment repeated at least every three months


Overcoming error with instrumentation 
As mentioned earlier, blood pressure measurement is subject to observer prejudice and terminal digit preference, introducing an error that is unacceptable for research work. Careful training of observers can reduce but not abolish these sources of error, some of which cannot be easily demonstrated. Because accuracy of measurement is particularly desirable in research, efforts have been made to devise devices that would minimise or abolish observer error. 


MEASURING BP
Assuming the observer has been trained and shown to be proficient in the technique there are then a number of factors that may affect the performance of the technique. 5 6 Some of these factors are described below. 


Attitude of observer 
Before taking the blood pressure, the observer should be in a comfortable and relaxed position, because if hurried the pressure will be released too rapidly, resulting in underestimation of systolic and overestimation of diastolic pressures. If any interruption occurs the exact measurement may be forgotten and an approximation made, so the blood pressure should always be written down as soon as it has been measured. 

MERCURY AND ANEROID SPHYGMOMANOMETERS

The mercury sphygmomanometer is a reliable device, but all too often its continuing efficiency has been taken for granted, whereas the aneroid manometer, which is not generally as accurate, is often assumed to be as reliable. These devices have certain features in common; each has an inflation-deflation system, and occluding bladder encased in a cuff, and both devices measure blood pressure by auscultation using a stethoscope.6 

Inflation-deflation system
 The inflation-deflation system consists of an inflating and deflating mechanism connected by rubber tubing to an occluding bladder. The standard mercury and aneroid sphygmomanometers used in clinical practice are operated manually, with inflation being effected by means of a bulb compressed by hand and deflation by means of a release valve, which is also controlled by hand. The pump and control valve are connected to the inflatable bladder and thence to the sphygmomanometer by rubber tubing. 

Rubber tubing 
Leaks due to cracked or perished rubber make accurate measurement of blood pressure difficult because the fall in mercury cannot be controlled. The rubber should be in a good condition and free from leaks. The minimum length of tubing between the cuff and the manometer should be 70 cm and between the inflation source and the cuff the tubing should be at least 30 cm in length. Connections should be airtight and easily disconnected. 

Control valve
A very common source of error in sphygmomanometers is the control valve, especially when an air filter rather than a rubber valve is used. Defective valves cause leakage, making control of pressure release difficult; this leads to underestimation of systolic and overestimation of diastolic pressures. Faults in the control valve may be corrected easily by simply cleaning the filter or replacing the control valve. It is helpful to have a checklist of possible faults and the means of rectifying these. 
Hazards of mercury
The mercury sphygmomanometer is a simple and accurate device, which can be easily serviced, but there are rightly concerns about the toxicity of mercury for individuals using mercury sphygmomanometers, and for those who have to service them. Users should be alert therefore to the hazards associated with handling mercury.7 

However, the greatest concern about mercury is its toxic effects on the environment. The call to have mercury removed from hospitals comes from the environmental lobby, which, quite correctly, sees mercury as a toxic, persistent, and bioaccumable substance. What happens, they ask, to the many tons of mercury supplied for the manufacture of sphygmomanometers and then distributed throughout the world to hospitals and countless individual doctors? Quite simply it finds its way back into the environment through evaporation, sewage, or in solid waste, most seriously damaging the marine environment, and it accumulates in soil and in sediments thereby entering the food chain. 

The mercury thermometer has been replaced in many countries, and in Sweden and the Netherlands the use of mercury is no longer permitted in hospitals. However, in other European countries, including the UK and Ireland, the move to ban mercury from hospital use has not been received with enthusiasm on the grounds that there is no accurate alternative device to the mercury sphygmomanometer. None the less, the fear of mercury toxicity is making it difficult to get mercury sphygmomanometers serviced, and the precautions recommended for dealing with a mercury spill are influencing purchasing decisions. Indeed, this is what central governmental policy in many countries would favour[image: image15.png]


the gradual disappearance of mercury from hospitals should a ban become operative.8-10 

	Advice to be included in the instructions accompanying a sphygmomanometer using a mercury manometer (from European Standard EN 1060-2)
B1 Guidelines and precautions
A mercury-type sphygmomanometer should be handled with care. In particular, care should be taken to avoid dropping the instrument or treating it in any way that could result in damage to the manometer. Regular checks should be made to ensure that there are no leaks from the inflation system and to ensure that the manometer has not been damaged so as to cause a loss of mercury.
B2 Health and safety when handling mercury
Exposure to mercury can have serious toxicological effects; absorption of mercury results in neuropsychiatric disorders and, in extreme cases, nephrosis. Therefore precautions should be taken when carrying out any maintenance to a mercury-type sphygmomanometer.
When cleaning or repairing the instrument, it should be placed on a tray having a smooth, impervious surface which slopes away from the operator at about 10° to the horizontal, with a water filled trough at the rear. Suitable gloves (eg of latex) should be worn to avoid direct skin contact. Work should be carried out in a well ventilated area, and ingestion and inhalation of the vapour should be avoided.
For more extensive repairs, the instrument should be securely packed with adequate packing, sealed in a plastic bag or container, and returned to a specialist repairer. It is essential that a high standard of occupational hygiene is maintained in premises where mercury containing instruments are repaired. Chronic mercury absorption is known to have occurred in individuals repairing sphygmomanometers.
B3 Mercury spillage
When dealing with a mercury spillage, wear latex gloves. Avoid prolonged inhalation of mercury vapour. Do not use an open vacuum system to aid collection. Collect all the small droplets of spilt mercury into one globule and immediately transfer all the mercury into a container, which should then be sealed.
After removal of as much of the mercury as practicable, treat the contaminated surfaces with a wash composed of equal parts of calcium hydroxide and powdered sulfur mixed with water to form a thin paste. Apply this paste to all the contaminated surfaces and allow to dry. After 24 h, remove the paste and wash the surfaces with clean water. Allow to dry and ventilate the area.
B4 Cleaning the manometer tube
To obtain the best results from a mercury-type sphygmomanometer, the manometer tube should be cleaned at regular intervals (eg under the recommended maintenance schedule). This will ensure that the mercury can move up and down the tube freely, and respond quickly to changes in pressure in the cuff.
During cleaning, care should be taken to avoid the contamination of clothing. Any material contaminated with mercury should be sealed in a plastic bag before disposal in a refuse receptacle.


Preparing for the end of the mercury sphygmomanometer
 Although it will be some years before any move is made to replace the millimetre of mercury, we must prepare for changes in clinical sphygmomanometry. Several simple measures can be instigated immediately. Healthcare providers are being encouraged to phase out mercury sphygmomanometers and replace them only with devices that have been independently validated against the relevant protocols. Automated devices should provide blood pressures in both millimetres of mercury and kilopascals, so that users can become familiar with kilopascals. Finally, the medical and nursing professions, which constitute the clinical market for blood pressure measuring devices, must ensure that manufacturers provide us with accurate devices designed to our specifications, rather than accepting, as we have done in the past, devices in which these considerations are secondary to the commercial success of the product.11

Aneroid manometers
 Aneroid sphygmomanometers register pressure through a bellows and lever system, which is mechanically more intricate than the mercury reservoir and column. The jolts and bumps of everyday use affect their accuracy; they lose accuracy over time, usually leading to falsely low readings with the consequent underestimation of blood pressure. They are therefore less accurate in use than mercury sphygmomanometers. When calibrated against a mercury sphygmomanometer a mean difference of 3 mm Hg is considered to be acceptable; however, 58% of aneroid sphygmomanometers have been shown to have errors greater than 4 mm Hg, with about one third of these having errors higher than 7 mm Hg.12 Moreover, aneroid sphygmomanometry is prone to all the problems of the auscultatory technique, namely observer bias and terminal digit preference.

POSITION OF MANOMETER
The observer should take care when positioning the manometer: 

· The manometer should be no further than three feet (92 cm) away so that the scale can be read easily. 

· The mercury column should be vertical (some models are designed with a tilt) and at eye level[image: image16.png]


this is achieved most effectively with stand mounted models, which can be easily adjusted to suit the height of the observer. 

· The mercury manometer has a vertical scale and errors will occur unless the eye is kept close to the level of the meniscus. The aneroid scale is a composite of vertical and horizontal divisions and numbers, and must be viewed straight on with the eye on a line perpendicular to the centre of the face of the gauge. 

PLACING THE CUFF

The cuff should be wrapped around the arm ensuring that the bladder dimensions are accurate. If the bladder does not completely encircle the arm its centre must be over the brachial artery. The rubber tubes from the bladder are usually placed inferiorly, often at the site of the brachial artery, but it is now recommended that they should be placed superiorly or, with completely encircling bladders, posteriorly, so that the antecubital fossa is easily accessible for auscultation. The lower edge of the cuff should be 2-3 cm above the point of brachial artery pulsation. 

PALPATORY ESTIMATION OF BLOOD PRESSURE

The brachial artery should be palpated while the cuff is rapidly inflated to about 30 mm Hg above the point where the pulse disappears; the cuff is then slowly deflated, and the observer notes the pressure at which the pulse reappears. This is the approximate level of the systolic pressure. Palpatory estimation is important because phase I sounds sometimes disappear as pressure is reduced and reappear at a lower level (the auscultatory gap), resulting in systolic pressure being underestimated unless already determined by palpation. The palpatory technique is useful in patients in whom auscultatory endpoints may be difficult to judge accurately[image: image17.png]


for example, pregnant women, patients in shock, or those taking exercise. (The radial artery is often used for palpatory estimation of the systolic pressure, but by using the brachial artery the observer also establishes its location before auscultation.) 

	Auscultatory sounds 

· Phase I[image: image18.png]


The first appearance of faint, repetitive, clear tapping sounds which gradually increase in intensity for at least two consecutive beats is the systolic blood pressure 

· Phase II[image: image19.png]


A brief period may follow during which the sounds soften and acquire a swishing quality 

· Auscultatory gap[image: image20.png]


In some patients sounds may disappear altogether for a short time 

· Phase III[image: image21.png]


The return of sharper sounds, which become crisper to regain, or even exceed, the intensity of phase I sounds. The clinical significance, if any, to phases II and III has not been established 

· Phase IV[image: image22.png]


The distinct abrupt muffling of sounds, which become soft and blowing in quality 

· Phase V[image: image23.png]


The point at which all sounds finally disappear completely is the diastolic pressure


AUSCULTATORY MEASUREMENTS OF SYSTOLIC & DIASTOLIC PRESSURES

· Place the stethoscope gently over the brachial artery at the point of maximal pulsation; a bell end-piece gives better sound reproduction, but in clinical practice a diaphragm is easier to secure with the fingers of one hand and covers a larger area. 

· The stethoscope should be held firmly and evenly but without excessive pressure[image: image24.png]


too much pressure might distort the artery, producing sounds below diastolic pressure. The stethoscope end-piece should not touch the clothing, cuff, or rubber tubes to avoid friction sounds. 

· The cuff should then be inflated rapidly to about 30 mm Hg above the palpated systolic pressure and deflated at a rate of 2-3 mm Hg per pulse beat (or per second), during which the auscultatory phenomena will be heard. 

	What to note when measuring blood pressure 

· The blood pressure should be written down as soon as it has been recorded 

· Measurements of systolic and diastolic pressure should be made to the nearest mm Hg 

· Pressures should not be rounded off to the nearest 5 or 10 mm Hg[image: image25.png]


digit preference 

· The arm in which the pressure is being recorded and the position of the subject should be noted 

· Pressures should be recorded in both arms on first attendance 

· In obese patients the bladder size should be indicated 

· If a "standard cuff" containing a bladder with the dimensions 23×12 cm has to be used, it is best to state this together with the measurement so that the presence of "cuff hypertension" can be taken into account in diagnostic and management decisions and arrangements can be made for a more accurate measurement 

· In clinical practice the diastolic pressure should be recorded as phase V, except in those patients in whom sounds persist greatly below muffling; this should be clearly indicated 

· In hypertension research both phases IV and V should be recorded 

· If the patient is anxious, restless, or distressed a note of this should be made with the blood pressure 

· The presence of an auscultatory gap should always be indicated 

· In patients taking blood pressure lowering drugs the optimal time for control of blood pressure will depend on the timing of the drugs; when assessing the effect of antihypertensive drugs the time of drug ingestion should be noted in relation to the time of measurement


· When all sounds have disappeared the cuff should be deflated rapidly and completely before repeating the measurement to prevent venous congestion of the arm. The phases shown in the box, which were first described by Nicolai Korotkoff and later elaborated by Witold Ettinger, can be heard.13 

Diastolic dilemma
For many years recommendations on blood pressure measurement have been uncertain about the diastolic endpoint[image: image26.png]


the so called diastolic "dilemma." Phase IV (muffling) may coincide with or be as much as 10 mm Hg higher than phase V (disappearance), but usually the difference is less than 5 mm Hg; phase V correlates best with intra-arterial pressure. There has been resistance to general acceptance of the silent endpoint until recently, because the silent endpoint can be greatly below the muffling of sounds in some groups of patients[image: image27.png]


children, pregnant women, anaemic or elderly patients. In some patients sounds may even be audible when cuff pressure is deflated to zero. There is now a general consensus that disappearance of sounds (phase V) should be taken as diastolic pressure except in those subjects mentioned above (as originally recommended by Korotkoff in 1910).13 

Recording blood pressure
The points to be noted when measuring blood pressure are listed in the box opposite. 

Number of measurements
One measurement should be taken carefully at each visit, with a repeat measurement if there is uncertainty or distraction; do not make a number of hurried measurements. 

As a result of the variability of measurements of casual blood pressure, decisions based on single measurements will result in erroneous diagnosis and inappropriate management. Reliability of measurements is improved if repeated measurements are made. The alarm reaction to blood pressure measurement may persist after several visits, so for patients in whom sustained increases of blood pressures are being assessed, a number of measurements should be made on different occasions over a number of weeks or months before diagnostic or management decisions are made.
FOOTNOTES

This article has been adapted from the 4th edition of ABC of Hypertension. The book is available from the BMJ bookshop and at www.bmjbooks.com 
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