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    INTRODUCTION 

 
 The 2020 CIC Blood Pressure Measurement Handbook is the practical companion to Module VI 

on BP measurement, and represents an update and revision of the manual for the blood pressure 

measurement specialist certification program.   

 The initial concept of a blood pressure measurement specialist certification program originated 

in CIC’s home state of Virginia, under the auspices of the Virginia Department of Health Division of 

Chronic Disease Prevention and Control, and the Heart Disease and Stroke Prevention Project.   

 The program was first modified for use by CIC in the Haiti Hypertension Program for a 

certification program at the Haiti State Medical School (FMP-UEH), and then for nursing education at 

the Haiti National School of Nursing, as well as the University of Botswana School of Nursing at the 

WHO Collaboration Center for Nursing and Midwifery.  The course included Power Point presentation 

didactic courses and a BP measurement practicum, supported by specific educational video from the 

Virginia Healthy Pathways Coalition, and supplemented by the manual available in English, French, and 

Spanish versions.  It is hoped that the 2020 update will also be able to be translated and available in 

the future as well. 

 The most recent updated and revised 2020 iteration is to supplement the CIC/WHAG 

comprehensive multilevel reference for medical mission groups focused on hypertension in low-

resource venues.  For this reason, despite growing recommendations for the use of automated BP 

measurement devices in LIMC, the handbook offers continued educational resources for the use of 

auscultatory and manual devices in areas not yet able to make the transition to automated approaches 

whether due to financial constraints or the lack of reliable electrical power.  In recognition of the fact 

that there may also be mercury manometers still in use, Appendix A discusses important safety issues. 

Therefore, in addition to traditional uniform teaching related to preparation and positioning, 

there is additional emphasis on methods of calibration of aneroid devices, as well as the need for high 

quality auscultation and Korotkoff sound analysis performance in order to determine systolic and 

diastolic BP measurement.  The need for validation of automated and semi-automated devices is also 

covered with references to determine preferred and validated devices, as well as practical approach to 

comparative device cost.   

 



 
 

 
 
 
   

 2020 COLLEAGUES IN CARE (CIC) BLOOD PRESSURE MEASUREMENT HANDBOOK 

 
BLOOD PRESSURE MEASUREMENT SPECIALIST CERTIFICATION PROGRAM MANUAL  

   2020 UPDATE AND REVISION 
 

THE MEASUREMENT OF BLOOD PRESSURE  
 
 PART I: METHODS OF MEASURING BLOOD PRESSURE 

 
Objectives: 

 
1. Define the direct method of measuring blood pressure. 
2. Describe the methods of indirect blood pressure measurement. 
3. Discuss why the visual, flush, palpatory and auscultatory methods of BP measurement, while of 

historic interest, are not felt to be adequate for routine clinical use as isolated techniques. 
 
 

        
 

 

 

 

 



 
 

 
 
 
   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

 

IA.  Direct Method 

• The direct method requires inserting a needle or catheter sheath into a major artery. The blood pressure is 
then transmitted as a signal that registers on an electromanometer recording device, often with a pressure 
pulse contour. 

• This method produces the most accurate measurement.  It is not very practical, requiring invasive technique 
and expensive monitoring equipment, and is reserved for intensive care unit use in limited circumstances.   

IB. Indirect Methods 

• Blood pressure is usually measured using an indirect method.  The term “indirect” is used because these 
methods do not involve direct contact with a blood vessel.  If indirect blood pressure measurement is carried 
out using proper technique and standardized equipment, the results can be very close to those obtained by 
direct measurement of blood pressure. 

• There are three indirect methods of measuring blood pressure to be aware of- visual, palpatory and 
auscultatory.  All may give general hints as to ballpark Blood Pressure estimate, but are not adequate as 
stand-alone reliable techniques. 

IB 1. The Visual Method 

 

 KNOWLEDGE POINTS  

METHODS OF BLOOD PRESSURE MEASUREMENT  

• Direct, invasive method. 

• Indirect methods: 

1. Visual 

2. Palpatory  

3. Auscultatory  

4. Maximum Inflation Level  

• Automated oscillometric methods 

 



 
 

 
 
 
   

After inflating the cuff above the estimated systolic pressure, the mercury in the tube (or needle on the aneroid 
dial) is visually inspected.  Systolic pressure was estimated when the mercury began to bounce (or the aneroid 
needle started to vibrate).  Diastolic pressure was recorded when the bouncing or vibrations stopped.  While 
potentially helpful for estimate of systolic pressure, this method is no longer in use due to the potential for gross 
inaccuracy.  It might be a helpful visual clue to confirm auscultatory findings. 

IB 2. The Palpatory Method 
This technique is characterized by palpating or feeling the radial pulse as the cuff is inflated.  When the pulse 
disappears, the cuff is then inflated another 30 mmHg.  As the cuff is slowly deflated, the screener records the 
systolic pressure at the point where the radial pulse reappeared, and was palpable.  The diastolic reading was 
difficult to record using this method; however, it has been described as a very abrupt, snapping vibration felt 
over the beat of the pulse.  The palpatory method results in a systolic reading that is several points below the 
client’s true pressure and a diastolic reading that may not be valid.  It should not be used as a standalone 
method, but can be helpful in avoiding the auscultatory gap as part of a comprehensive exam. 

IB 3.  The Auscultatory Method 
With this procedure, the cuff is inflated to some arbitrary level (usually “180” or “200”). The blood pressure is 
then determined by listening through a stethoscope to the sounds heard over the brachial pulse while the cuff is 
being deflated.  This is a frequently used technique with an aneroid device (see VI, Accuracy has been 
questioned due to need for scrupulous attention to technique.  You also need to be aware of the auscultatory 
gap phenomenon.  It is not recommended by many guideline statements, but often necessary in low-resource 
venues.    
 
For the accurate measurement of Blood Pressure, a combination of palpatory and auscultatory methods is 
recommended.  This is the method that will be taught in this course, incorporating the concept of Maximum 
Inflation Level (MIL).  It is a critical part of the comprehensive exam, and especially for auscultatory/manual 
technique. 
 

I.C.  The Automated oscillometric electronic method  

 This method is driven be electronic measure using oscillometry (See Module VI., sections E.1. and E.2.) 
and can automated with automatic inflation and deflation, or semi-automatic using the bulb to manually inflate   



 
 

 
 
 
   

2020 COLLEAGUES IN CARE (CIC) BLOOD PRESSURE MEASUREMENT HANDBOOK 

 
BLOOD PRESSURE MEASUREMENT SPECIALIST CERTIFICATION PROGRAM MANUAL  

   2020 UPDATE AND REVISION 
 

THE MEASUREMENT OF BLOOD PRESSURE  
 

   PART II.  DESCRIPTION AND MAINTENANCE OF EQUIPMENT 

 

Objectives: 

 
1. List the parts of the sphygmomanometer. Describe the operation of the mercury manometer.  

Describe the sources of error associated with the mercury manometer and the procedures for 
correcting these. 

2. Describe the operation of the aneroid manometer. 
3. Perform the aneroid accuracy check.  Perform aneroid device calibration.  
4. List the parts of the inflation system. 
5. Describe the functions of the cuff and the inflatable bladder. 
6. Describe the errors resulting from improper bladder size. 
7. Demonstrate how to determine proper bladder size. 
8. Describe the function of the pressure bulb and pressure control valve. 
9. Perform the procedure to check for air leaks in the inflation system. 
10. Demonstrate proper stethoscope use 
11.  Describe automatic oscillometric manometers, and how to use validated devices for accuracy 

checks. 
12.  Be able to access information on STRIDE BP reference preferred and validated automated 

devices 
13.  Understand relative general costs of all BP measurement 2020 options 
14. Describe differences between self-measured home blood pressure and clinic blood pressure. 
15.  Describe the rationale for ambulatory blood pressure monitoring (ABPM) and Automated 

Office Blood Pressure Measurement (AOBPM) related to the issues of white coat and masked 
hypertension. 

 

II A.  Sphygmomanometers  

Sphygmomanometer (or simply, manometer) is the general name given to the instrument that 
measures blood pressure in the arteries, often referred to as the BP measurement device, or in 
common but less exact terms even the "blood pressure cuff".   

 



 
 

 
 
 
   

Four general types of manometers or BP measurement devices are in general use.  Two are 
called manual devices and include the mercury-gravity manometer, and the aneroid manometer.  The 
other two are electronic oscillometric devices and can be either fully automated or semi-automated.   
Throughout the manual, you may see equivalent terms automatic and automated to describe 
electronic oscillometric devices.  Simply put, automated devices automatically inflate and deflate. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

  

  

 KNOWLEDGE POINTS 

TYPES OF SPHYGMOMANOMETER BP MEASUREMENT DEVICES 

FOR CONSIDERATION IN LOW-RESOURCE VENUES 

 

MANUAL DEVICES 

• Mercury manometers 

   Desk or permanent wall-mounted 

Being phased out and not recommended for new purchase     

or replacement  

• Aneroid manometers 

Desk or permanent wall-mounted 

Portable on wheel stand or hand-held 

OSCILLOMETRIC ELECTRONIC DEVICES  

• Semi-automated devices 

Portable for home use 

Less often available for clinic use 

Less electrical power needs, and more flexible 

• Fully automated devices 

Portable for home use 

Clinic use 

 Desk or portable wheel stand options 

 



 
 

 
 
 
   

II A 1. MERCURY-GRAVITY MANOMETER 
 
The mercury manometer has been felt to represent the “gold standard” for casual blood 

pressure measurement in the clinic, and is often used to standardize aneroid and oscillatory automated 
machines.  Recall that when we measure BP, we use the metric of mm Hg, or millimeters of mercury as 
the standard reference. (See Module section VI.D.2.a)  

This instrument consists of an acrylic tube connected to a reservoir containing mercury.  When 
pressure is exerted on the mercury in the reservoir, the mercury in the acrylic tube simply rises.   

 
The mercury manometer is calibrated when it is manufactured and recalibration is unnecessary.  

However, regular inspection and maintenance are necessary to eliminate conditions that could cause 
the blood pressure measurement to be read incorrectly (either too high or too low), especially if used 
as the comparison "gold standard".  Corrective actions for troubleshooting and quality assurance 
measures will not be available at all sites.  It is however important to know what to look for as evaluate 
the mercury manometric system quality and safety.  Troubleshooting and instructions for what to do in 
the event of a mercury spill are outlined in Appendix A. 

 
 
 

 Cause   Effect    Correction 

Loss of mercury Reading too low Add mercury. 
 

Too much mercury Reading too high Have extra mercury removed 
or have system cleaned 

Clogged diaphragm Mercury will not rise easily or 
bounce 

Replace diaphragm. 

Dirty mercury or dirty 
tube 

Mercury meniscus is irregular 
and reading is impaired. 

Have mercury and tube 

cleaned. 
 

 



 
 

 
 
 
   

 

II B. ANEROID MANOMETER 
 

Aneroid manometers by definition have no liquid and operate by pressure on a bellows that then 
through mechansims including a spring and indicator pointer will show BP measurement numbers on 
dial.  All aneroid manometers are manual and driven by squeezing a bulb for manual inflation.  (See 
Module VI. Section D.2.b.). 

Aneroid manometers may be fixed to the wall, or fixed to a wheeled stand for portability on a 
presumably stable platform within a facility.   Truly portable aneroid manual manometers may be 
handheld and carried in a pouch,  and either have a combined bulb and gauge, or separate bulb and 
gauge with separate tubing. Portable aneroid devices are much more vulnerable to bouncing and 
trauma.  Whereas stable wall-mounted units are recommended to be calibrated every six months, it is 
recommended that portable units be calibrated more frequently.  Indeed, recent AHA 
recommendations are as much as every 2-4 weeks!  

    
 



 
 

 
 
 
   

     

WALL MOUNTED      PORTABLE HAND-HELD, CARRIED IN POUCH 

            

Sources:  Welch Allyn, Creative Commons         Source: Microsoft Word Creative Commons 

  



 
 

 
 
 
   

In addition to the aneroid manometer itself, there is also the important inflation system 
component.  The inflation system consists of the cuff, the inflatable bladder inside the cuff, pressure 
bulb, pressure control valve (thumb valve), and all the tubing connecting to the manometer.  There are 
two basic configurations.  The bulb and gauge dial can either be separate or combined.    

II B 1.  Test for Accuracy of Aneroid Manometers  

a. Simple testing procedure to be done frequently:  
 

Different than a mercury manometer, the dial at the zero mark of an aneroid manometer under no 
pressure does not mean that the instrument is accurate.  There is generally a small circle at the bottom 
of the dial readout and the pointer arrow should be at zero in the middle of this circle.  As a simple 
check, the pointer on the gauge dial can then be adjusted to zero according to manufacturer 
instructions.  There is often an adjustment screw on the gauge, or you can adjust by rotating the 
extending connector at the interface of the gauge and tubing.  There are many YouTube videos 
available on how to make this simple adjustment, which should be checked frequently. 

II B 1.  Test for Accuracy of Aneroid Manometers  

b. More exact calibration and accuracy testing: 
 

For more than this simple daily or weekly screen, the aneroid manometer must be checked at 
several points throughout the range against a mercury manometer or validated electronic device in 
order to establish its accuracy. This is the level of testing suggested for permanenet wall-mounted 
devices. 

 Historically, calibration and accuracy testing of aneroid devices has been according to the 
mercury manometer standard. Evolution of calibration in the validated electronic device age has 
allowed reference automated devices to be substitute for the mercury manometer as standard.  The 
same set up can be used with a Y-connector to the aneroid manometer gauge and the validated 
electronic manometer for direct measure comparison.  

 As an alternative the cuff can remain in the system and wrapped around a non-compressible 
cylindrical object (like a can or pipe), allowing inflation to generate pressure, which then goes to the Y-
connector so resultant readings can be compared on the aneroid and digital gauge read-outs.   

 

• Equipment needed: 
1. Aneroid manometer gauge to be tested 
2. Mercury manometer, or validated automatic manometer 
3. Three 12” pieces of non-latex tubing with a Y-connector 

 

• Technique according to the mercury manometer standard as reference: 
1. Remove coiled tubing from mercury manometer.  Connect one end of the “Y” tubing to 

mercury manometer. 



 
 

 
 
 
   

2. Connect the other end of the “Y” tubing to the aneroid manometer gauge. 
3. Connect the third side of the “Y” tubing to the aneroid manometer’s pressure bulb. 
4. Hold the aneroid gauge at the same level as the mercury manometer (for accurate viewing). 
5. Inflate the mercury gauge to four test levels (60, 120, 180 and 240 mmHg) 
6. Compare aneroid reading to reading on mercury manometer at each level, and compute 

average deviation. 
7. If not accurate within plus or minus 4 mmHg at any one test level or as an average deviation, 

then discontinue use and replace or repair faulty gauge 

 
 
 
 
 
 

 
 

 

II B 2.  Additional Checks 

• Bladder:  Should be intact without leaks. 

• Tubing:  Should have no leaks. 

• Valve:  Should not stick or leak. 
These tests can be performed simply at a screening level by visual inspection and hearing 



 
 

 
 
 
   

observation after standard inflation.  The sensitivity of air loss detection could be increased by 
using soapy water especially at connections to look for bubbling.  

• Cuff:  Should fasten securely, with adequate Velcro.  Center of bladder should be clearly marked. 
 
II B. 3. Testing for Air Leaks and total system integrity  
 

The function of the pressure bulb is to inflate the bladder.  The pressure control valve controls 
the rate at which the system is inflated/deflated.  As an integrated system, the cuff, bladder, pressure 
bulb, pressure control valve, and tubing should be checked periodically for leaks using  
The following procedure:  

• Wrap the cuff around a non-compressible cylindrical object (like a metal can or piece of pipe) 
and connect to a mercury or aneroid manometer. 

• Close the pressure control valve and inflate the pressure as high as it will go. 

• Keeping the valve closed, watch the mercury or aneroid needle. If it begins to fall, there is a leak 
in the system. 

• All parts of the system should be checked for the source of the leak by pinching the tubing at 
successive points.  Continued loss of pressure indicates a leak between the occluded point and 
the manometer. 

• Check for rips in the cuff and for cracks or punctures in the bladder and pressure bulb. 

• Check the pressure control valve for worn, dirty or broken parts and for ease of use.  The valve 
should open and close easily. 

• When the source of the air leak is located, appropriate replacement parts can be ordered.  If the 
source cannot be located, the entire inflation system and the manometer should be repaired or 
replaced.  
 

 
 
II.B. 4.  Formalized Standards. 

  
Specific standards for maintaining and calibrating aneroid sphygmomanometers are discussed in 

detail by the United Nations Development Programmes GEF Global Healthcare Waste Project, and are 
recommended for review at: 

https://linkscommunity.org/assets/PDFs/maintenance-and-calibration-guidance_hg_2013.pdf 
  These standards are referenced in the 2020 WHO Technical specifications document and can be 
found in Annex 4, as well as Annex 6 on technical specifications and use of aneroid manual blood 
pressure measuring devices with cuff, and can be found at this link: 

  https://apps.who.int/iris/bitstream/handle/10665/331749/9789240002654-eng.pdf?ua=1 

 Further information related to WHO aneroid standards can be found in Module VI, Section 
D.2.b.i. 
  

 

 

https://linkscommunity.org/assets/PDFs/maintenance-and-calibration-guidance_hg_2013.pdf
https://apps.who.int/iris/bitstream/handle/10665/331749/9789240002654-eng.pdf?ua=1


 
 

 
 
 
   

 

 

 

 

 

 

 

 

 

 

 

 

 

 
II C.  AUTOMATED BP MEASUREMENT DEVICES 

 

Automated (aka automatic) or oscillometric devices measure the mean arterial pressure by 
determining the maximum oscillations of the vessel, and then use algorithms to calculate systolic and 
diastolic pressures.  Inflation is automatic without the need for manual bulb compression.  For the most 
part, automatic devices are defined by a rigid cuff with Velcro attachments.  Both automated and semi-
automated devices use Light Emitting Diode (LED) screens for easy visualization.    

Rigid cuffs are especially the case for home blood pressure monitoring.  In some hospital and clinic 
situations, automatic devices are used with soft and disposable cuffs.  All automated (or automatic) 
devices should be upper arm, and not wrist or using mobile apps.  All oscillometric electronic devices, 
whether fully automated or semi-automated need to be validated.  See Module VI.E., Sections 1,2 

 

 

 

 

 WHAG ACTION POINTS 

 

ANEROID DEVICE CALIBRATION AND INSPECTION  
• Maintenance and cleaning  

• Check for air leaks 

• Calibrate devices to zero 

• Calibrate across the BP spectrum with mercury 
 or validated electronic devices   

 
 



 
 

 
 
 
   

AUTOMATED BP MEASUREMENT DEVICES 

      
    Source:  Omron  

 

              

 

 

 

 

 

 

 

 

 

 Source: Microsoft Word Creative Commons 



 
 

 
 
 
   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

II.D.  SEMI-AUTOMATED BP MEASUREMENT DEVICES  

Semi-automated devices use a bulb for inflation. Deflation is programmed.  This means that if the 
electronic measurement portion of the device malfunctions, as long as the LED screen remains 
functional as a substitution for an aneroid type dial, then as a fallback position the semi-automatic 
device could be used as a manual device with auscultation.  See Module VI. E. 3.a.  

Semi-automated devices use much less electrical power, and may be able to make 24x as many 
readings as a fully automatic device by same set of four AA batteries.  Semi-automatic devices are more 
amenable to be self-powering through things like vibrational energy or solar power, and have much 
research potential for low-resource areas.   See Module VI.E, sections 3.b, and c.  

 

 

 KNOWLEDGE POINTS 

COMMON CHARACTERISTICS OF AUTOMATED DEVICES 

• Need for electrical power 

• LED Screen read-out 

• Usually with rigid cuff  

• Rigid body 

• Automated and Automatic as inflation and deflation are programmed 

BASIC AUTOMATED DEVICES 

• Home Blood Pressure Monitoring (HBPM) 

• Office BP Monitoring (OBPM) 

ADVANCED AUTOMATED DEVICES 

• Ambulatory Blood Pressure Monitoring (ABPM) 

• Automated Office Blood Pressure Measurement (AOBPM) 

• Central Blood Pressure Measurement (CPBM) 

 

 



 
 

 
 
 
   

SEMI-AUTOMATED BP MEASUREMENT DEVICES  

 

 Source: ADC ADVANTAGE. Tiger Medical 

 

II.E.  ADVANCED AUTOMATED DEVICES  

24-hour ambulatory BP monitors are often used to rule out “white coat hypertension” (a condition 
in which the patient’s BP is only elevated in the doctor’s office), as well as masked hypertension (it is 
normal when in the doctor's office and elevated with outside activities), and evaluation of nocturnal BP.  
Availability is variable even in high-income countries, and generally not available in LIMCs.   

AOBPM also is indicated to try to inhibit the white coat effect, but generally may be too costly in 
terms of dedicated clinic space and device costs.    

II.F. 2020 AVAILABLE BLOOD PRESSURE MEASUREMENT DEVICES 

 II.F.1. VARIABLE COST 

 As described in Module VI.G., in 2020 there are multiple available options in order to measure 
BP.  They have variable costs which we have compared against the basic unit cost of a hand-held 

aneroid device as US $30, and represented by the  symbol.  These are not exact quotes, but can 
give you a sense of relative costs.  

 

 

 

 



 
 

 
 
 
   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 WHAG ACTION POINTS 

 

COMPARATIVE COSTS BP MEASUREMENT DEVICES (BPMD) 

One  unit is equivalent to US $30. 2020 baseline 

• Hand-held portable aneroid.  1   

• Stethoscope.  2-3  

• Mobile aneroid on wheels.  12  

• Wall mounted aneroid.  10-11  

 

• Home use automated 

Validated for use in pregnancy.  2-4  

• Home use semi-automated.  1.5-3  

 

• Office/clinic use automated 

Validated for use in pregnancy.  20-33  

 

• Office/clinic use semi-automated.  Limited availability  

• Ambulatory Blood Pressure Monitoring (ABPM).  67  

• Automated Office BP Measure (AOBPM).   23-67  

• Automated Central Blood Pressure measurement, stand-alone system.  166  

 

 



 
 

 
 
 
   

II.F.2.  FIXED VALUE BY VIRTUE OF VALIDATION OF AUTOMATED DEVICES   

As opposed to the wide variation in the cost of devices, when it comes to value there is no 
choice.  All automated and semi-automated devices MUST be validated.  What it means to be validated 
has sometimes been confusing, as there have been multiple protocols used for device testing and result 
reporting.  The evolution towards an international Uniform ISO Standard (ISO 8160-2:2018) is outlined 
in detail in Module VI.F, Sections 1-4, and may be worthy of review, with multiple references related to 
accuracy of BP measurement related to device performance issues.   

For practical purposes, the STRIDE BP comprehensive and categorized lists of both preferred 
and validated devices are very strongly endorsed and recommended as the 2020 favored resource for 
automated and semi-automated devices.  The link is https://stridebp.org/bp-monitors.  

II.G.1.  THE INTEGRATED BP MEASUREMENT SYSTEM: A DEVICE ATTACHED TO A CUFF BY TUBING 

While we have been focused mechanistically and otherwise on the aneroid and oscillometric 
internal device, we need to remember that the cuff (and connecting conduit represented by tubing) are 
also critical to measurement accuracy.  “Miscuffing” is a significant source of inaccuracy and 
measurement error.  This is especially the case in obesity, where conceptually just because and upper 
arm is very round does not imply that it is also long.  Often the upper arm is short, and you have a 
situation where with a rigid automated cuff you have a cylindrical cuff trying to adjust to a cone-shaped 
upper arm.  In the circumstance of having to use a large cuff, you run out of length and often end up 
overlapping the brachial artery, a particular problem when you are dependent upon measuring 
oscillations from the artery, often resulting in overestimation of true BP by up to 10 mm Hg.  This is a 
different situation from auscultation you are depending on the cuff transiently occluding the artery, and 
then listening when flow resumes as the cuff is deflated. 

II.G.1.a.  CUFF SELECTION.  SIMPLE BUT VERY IMPORTANT MEASUREMENT DETERMINANTS 

 Accurate cuff selection requires accurate measurement of arm circumference. Here are 
procedures to use whether you have an actual measuring tape or even just a piece of string.  

 
Correct position of arm circumference measurement is obtained by measuring distance between 

shoulder (tip of acromial process) and the tip of the elbow (olecranon) with right forearm flexed at 90 
degrees.  If have a tape measure, then measure distance, and place a mark at 50% or at the half way 
point.  If do not have a tape measure, simply use string to measure distance, then folded in half to mark 
the spot.  Drop right arm to side, and measure arm circumference at the mark.  

 
The bladder is the critical part that determines the proper size cuff to use. Note that the bladder 

size is not the same as the cuff size. The length of the bladder should encircle at least 80% of the arm in 
adults (different guidelines might mention 75-100) and 100% in children.  Also ensure that the width of 
the bladder covers 40% of the circumference of the arm.  This is the derivation of the easy to 
remember 80/40 rule.   Again, if measuring tape not available, fold a string measuring circumference in 
half and estimate width of bladder compared to visual estimate for 40% of the measured 
circumference.  Similarly, can use string to estimate the 80% and 100% correlation of bladder length to 
arm circumference. 



 
 

 
 
 
   

   

Source: Lyne Cloutier RN, PhD  

 

 Do not get confused.  Bladder size is not equal to or the same as cuff size!  
 
 

 



 
 

 
 
 
   

 

 

 



 
 

 
 
 
   

II.G.1.b.  BLADDER RELATED SOURCES OF INACCURACY 

If the bladder inside the cuff is too small for the patient’s arm the reading obtained will be falsely 
high, as much as 30 mm Hg in the obese. If the bladder inside the cuff is too large for the person’s arm 
the reading will be falsely low, in the range of 10-30 mm Hg. 

The center of the bladder should rest just above the brachial artery, usually palpated just medial to 
and under the biceps tendon in the antecubital fossa, as it courses between the biceps and triceps 
muscles on the inner aspect of the arm. 

The arm should be positioned so that the center of cuff is at heart level (approximately the 4th 
intercostal space). 

 

If the bladder is not centered over the artery and on this line of position, the BP reading will be 
erroneously high if positioned too low, and falsely low if above this line (+/- 1 mm Hg for every 1.3 cm 
variation). 
 
 
 

 
 
 

II.G.1.c.  AFTER ARM MEASUREMENT AND BLADDER SIZE PREFERENCE, WHAT IS NEXT?  
   CHOOSING THE CORRECT SIZE CUFF 
 
 In order to choose the correct size cuff, and avoid the problems of “miscuffing”, you obviously 
must have a number of various size cuffs available to choose from.  Too often clinics do not, and even 
depend on a “one size fits all” philosophy.  There are guidelines to assist you, and we have chosen AHA. 
  



 
 

 
 
 
   

 

BLADDER SIZING: AHA RECOMMENDATIONS  

 

 

 The 2019 American Heart Association updated scientific statement on the measurement of 

blood pressure is of importance.  Related to cuff sizes, Table 2 covers key points in selecting cuff sizes 

for BP measurement, while Table 3 covers illustrative cuff sizes corresponding to patient’s arm size.  See 

Module VI.C.3., and reference: Doi: 10.1161/HYP.0000000000000087. 

 
Name of Cuff Arm Circumference  Bladder Size 
 
Small Adult    9-10 inches         5 inches W X 9 inches L 

    22-26 cm   12 cm W X 22 cm L 
 

Adult    10-13 inches        6 inches W X 12 inches L 
    27-34 cm    16 cm W X 30 cm L 

 
Large Adult  13-17 inches    6 inches W X 14 inches L 

    35-44 cm   16 cm W X 36 cm L 
 

Adult Thigh  17-20 inches   6 inches W X 16.5 inches L 
    45-52 cm   16 cm W X 42 cm L 

*For most adults, the 16 cm W bladder is adequate 



 
 

 
 
 
   

 
 

II.G.1.d.  CUFF MAINTENANCE  

Cuffs should be cleaned on a regular basis.  Follow manufacturers’ directions for doing so.  Fabric 
cuffs usually need to be washed with soap and water - the bladder must first be removed and 
reinserted when the cuff has dried.  Some cuffs can be cleaned with a “sanitizer” such as Purell or with 
alcohol.  Simply wipe the solution on and allow to dry. 

Modern cuffs have Velcro fasteners to keep the cuff in position when placed on the arm.  The Velcro 
should be in good condition and provide a secure fastening. 

 

II H. THE STETHOSCOPE 

The stethoscope is an instrument for listening or auscultation.  The dual head (bell and diaphragm) 
stethoscope has been considered the standard instrument for routine use due to its versatility and 
convenience.  It has two ranges: the bell for low frequencies and the flat diaphragm for high 
frequencies.  Since the early and late phases of the Korotkoff sounds are of low frequency, it might 
seem that the bell side is the better side for listening.  In reality however, there is no definite 
recommendation on this.  Over time, the size and depth of the bell has decreased.  

• The dual head rotates and clicks into position for using either the bell or the diaphragm 

• The stethoscope is applied directly over the brachial pulse - never under the cuff or touching the 
rubber tubing as this can cause false sounds.   

• Apply the diaphragm or the bell side with light pressure (heavy pressure will distort the artery 
and produce sounds below the true diastolic).   



 
 

 
 
 
   

• Place the diaphragm or bell over the brachial site with the entire rim in contact with the skin.  
There should be no air between the skin and the stethoscope. 

• In using stethoscopes with bent ear tips, be certain that the ear tips point forward. 
• It is recommended that tubing be 12 to 15 inches in length. 
• For teaching and live testing purposes, a teaching stethoscope with two sets of earpieces may 

be used  
 

     

 

 Beyond practical suggestions about the proper use of stethoscopes, as we progress in the next 

section to description of auscultation technique and evaluation of Korotkoff sounds, you may find 

Module VI.D.1.  of interest.  It takes a break from the practical as it reviews the very interesting history 

of Korotkoff sounds and the evolution and development of the stethoscope from the early days of a 

Laennec wooden tube to something that is essentially to be found being used by providers at almost 

every level of healthcare.   
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Objectives: 

1. Define Korotkoff Sounds. 
2. Describe the phases of the Korotkoff Sounds. 
3. Explain when systolic blood pressure is measured. 
4. Explain measuring diastolic blood pressure at Phase 5, and the onset of silence. 
5. Demonstrate how blood pressure is recorded in the absence of Phase 5. 
6. List two measurement errors that can cause an absent Phase 5, as well as physiologic 

reasons for an absent Phase 5 reading. 
7. Review the Sights and Sounds video and be able to define the incorporated unknown 

examples of BP accurately by auscultatory criteria  

III A.  DEFINITION AND DESCRIPTION OF PHASES/KOROTKOFF SOUNDS  
The series of sounds heard through a stethoscope placed over an artery during restitution of 

flow in an artery that has been closed off by a blood pressure cuff are called the Korotkoff 
Sounds.  These sounds, by which blood pressure is determined, were first described in 1905 by 
a Russian physiologist, Dr. Korotkoff.  The history is described in more detail in Module VI.D.1. if 
interested, as previously noted.  

 
 The sounds are divided into five phases: 

• Phase 1:  That period marked by the first appearance of clear, consistent tapping sounds 
that gradually become louder.  The first of at least two of these sounds defined as the 
systolic pressure.     TAPPING 

• Phase 2:  That period during which the sounds change to a murmur and have a swishing 
sound.      SWISHING     

• Phase 3:  That period during which the sounds have a loud, knocking quality, crisper and 
of increased intensity, but are not quite as clear as those in Phase 1.     KNOCKING 

• Phase 4:  That period when the sounds suddenly are abruptly muffled and again have a 
faint, swishing quality.  This is the defined diastolic pressure when sounds decrease to 
zero, and in this situation both Phase 4 and Phase 5 should be recorded.     MUFFLING     

• Phase 5:  That period when all sounds disappear (often referred to as the onset of 
silence).  Defined as diastolic pressure, unless sounds are heard to zero.     SILENCE 

 



 
 

 
 
 
   

 
 
 

III B. SYSTOLIC BLOOD PRESSURE DEFINITION 
Systolic blood pressure is the point at which the first of two or more continuous tapping sounds 
are heard.   

III C. DIASTOLIC BLOOD PRESSURE DEFINITION  
Diastolic blood pressure is recorded at the disappearance of sound (also called the onset of 
silence), not at the last sound.  For example, if the last sound is heard at “90”, then the diastolic 
blood pressure is recorded as "88”, as 2 mm Hg less than the last sound. 

III D.  ABSENT FIFTH PHASE  
• In some persons, sounds are heard down to zero resulting in an absent fifth phase.  This can 

occur in a number of instances – in persons with aortic regurgitation or a hyperkinetic 
cardiovascular system with vasodilation.  Examples would include:  after vigorous exercise, 
in severe anemia, thyrotoxicosis, fever, pregnancy, and as a normal occurrence in children. 

• If an absent fifth phase occurs, the diastolic blood pressure is recorded when the loud 

sounds of the third phase become muffled (beginning of Phase 4) and at zero. Example:   
160/72/0 

• If an absent fifth phase is encountered, the measurement technique should be checked to 
ensure that faulty technique is not responsible.  Either improper cuff size (too wide or too 
narrow) or heavy pressure on the stethoscope can also cause sounds to be heard to zero. 
 

 



 
 

 
 
 
   

 

 
 
 
 
 

III.D.  EDUCATIONAL OPPORTUNITIES TO SOLIDY AUSCULTATORY/MANUAL TECHNIQUE WITH 

VISUAL AND AUDITORY CORRELATION OF KOROTKOFF SOUNDS USED IN BP MEASUREMENT 

Module V.I.1 describes excellent video resources available for those who desire 

opportunities for further educational experience related to auscultatory/manual technique, and 

will repeat those links.  The first Virginia Healthy Pathways Coalition teaching video is called 

Measuring BP in the 21st Century.  It is comprehensive and understandable, though only in 

English.  This video resource is strongly recommended for anybody interested in understanding 

more about measuring BP and is tired of reading!  It is available at this link:   

https://vimeo.com/8744192 

The second BP Measurement video from the Healthy Pathway toolkit is called Korotkoff 

Blood Pressure Sights and Sounds.  This is a very valuable resource when teaching auscultation, 

to test your own accuracy against a known standard.  This video resource is also very highly 

recommended and is found at the link:  https://vimeo.com/8068713 

 
 

 

https://vimeo.com/8744192
https://vimeo.com/8068713
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Objectives: 

1. Know the potential adverse effects of blood pressure measurement. 
2. List problems of the screener that can result in incorrect readings. 
3. Describe proper screenee/person position and errors related to improper position. 
4. Explain how proper cuff size is determined and the importance of cuff size in total 

measurement technique. 
5. Define Maximum Inflation Level, describe the procedure, and explain why it is done. 
6. Define auscultatory gap and describe the recommended technique for determining 

correct blood pressure. 
7. Demonstrate total blood pressure measurement technique. 
8. Demonstrate three ways to amplify the Korotkoff sounds. 
9. List several sources of errors, the effects, and the corrections. 

IV A.   Are there any adverse effects in measuring BP? 
• There are no directly adverse effects from measuring blood pressure, but the results can 

be inaccurate, producing psychological, behavioral, and even financial consequences.  
Inappropriately prescribed antihypertensive medications may also produce unnecessary 
adverse effects.  Inaccurate measurement can also produce false-negative results 
allowing hypertensive persons to escape detection. 
 

We will discuss factors related to measurement technique that can cause a falsely high or 
low blood pressure reading. 
• Blood pressure should be measured in both arms (unless contraindicated by 

mastectomy, dialysis shunt, rash, wounds, etc.) during each screening or clinical visit, 
Especially the initial visit to record if the BP is higher on one side.  This is necessary 
because several medical conditions can produce a low BP reading in one arm while the 
client is actually hypertensive.  Usually BP differs slightly in the two arms; however, any 
significant difference (more than 10 mmHg) should be evaluated by a physician. 



 
 

 
 
 
   

 

IV B.  The Observer / BP Measurement Specialist  
There are several factors or Sub-Conscious Biases that can lead to incorrect blood pressure 
readings that the Certified BP Measurement Specialist screener must be aware of and guard 
against: 

• Observer Bias – An unconscious bias on the part of the screener toward over-reading or 
under-reading the blood pressure.  For example, reading a BP as normal in a thin or 
younger person while reading it higher in someone who is obese or elderly. 

• Terminal Digit Preference – Preference of the screener for certain   terminal digits.  This 
occurs when the screener’s readings usually end in “0” or “2” such as 140/90, 160/110, 
110/70, 120/80, etc. 

• Cut-point Bias – an unconscious tendency to under read the blood pressure so as not to 
have to tell the screenee/person their BP is elevated. 

• Previous Reading Bias – tendency to record a reading which is similar to those obtained 
in the past through asking the screenee/person “What is your usual BP?” or by referring 
to the client’s record. 

 

 

 
 



 
 

 
 
 
   

IV. C. THE SCREENEE/ FACTORS RELATED TO PERSON BEING EVALUATED     
      

The screenee/person should be seated in a relaxed, comfortable (but not slouched) 
position with feet flat on the floor (if the feet do not reach the floor, use a book or similar 
object on which to rest the feet), and back supported.  If the screenee/person is slouched, 
both the systolic and diastolic pressures will be inaccurately high.  (For example, sitting on 
an examining table with no support for the back can cause the BP to read as much as 10 
mmHg higher.) 
1. Effort should be made to help the screenee/person relax mentally by talking quietly with 

him/her while preparing to measure the blood pressure.  Care should be taken to 
eliminate external factors, such as a noisy environment or other people in the 
immediate vicinity that may disturb the screenee/person.   

2. The screenee/person should not smoke for 30 minutes prior to the procedure. 
3. The right sleeve should be rolled up as high as it will go.  However, it should be possible 

to place two fingers under the sleeve with no difficulty.  If this is not possible, the 
clothing is too tight and creates an additional pressure source on the artery that can 
distort the blood pressure reading. 

4. The clothing on the arm must be removed before measuring the blood pressure.  BP 
should never be measured over clothing, even partially. 

5. The arm should be slightly flexed, the palm of the hand up, with the entire forearm 
supported on a smooth, flat surface.  The brachial artery must be at heart level.   Desk-
high tables will position the arm at heart level.  If an individual is exceptionally tall or 
short, adjustments should be made to position the arm properly.  If the brachial pulse is 
not at heart level, the blood pressure reading will not be accurate.  If the brachial is 
above the level of the heart, both the systolic and diastolic blood pressure will be 
inaccurately low.  If the brachial pulse is below the level of the heart, the opposite will.   

IV D.  Proper Measurement Technique  
1. Mercury or aneroid gauge at level of observer’s eye. 
2. Automatic or semi-automatic LED screen easily viewed in direct line of vision  
3. Sleeve rolled up. 
4. Arm fully supported with brachial pulse at heart level. 
5. Cuff applied snugly with bottom edge one inch above bend in elbow. 
6. Arm resting on table, palm up. 
7. Screenee/person in relaxed, comfortable position with legs uncrossed – no slouching. 

 

       The 2019 American Heart Association updated scientific statement on the measurement of 

blood pressure in Table 4 covers the importance of body position and BP measurement.  Table 

5 offers an overview of proper Seated BP measurement in the Office.  See Module VI.C.3. and 

cited reference, including Doi:10.1161/HYP.0000000000000087 

 



 
 

 
 
 
   

      Note infographics from Lyne Cloutier’s educational work on BP measurement, as well as the 

AHA/AMA TARGET BP Infographic which highlight important preparation and positioning 

factors. 

 

 

  

 Source: Lyne Cloutier RN, PhD 

 



 
 

 
 
 
   

 

Source:  Target: BP Infographic.  AHA/AMA 

 

IV E. CUFF SIZE AND CUFF APPLICATION  
 

1. Check for proper cuff size before applying the cuff (see previous discussion). 
2. Place the deflated cuff around the bare, upper arm.  Do not roll up the sleeve in such a way 

that it constricts the blood flow.  The lower edge of the cuff should be at least 1” (2-1/2 cm) 
above the bend in the elbow.  Center the inflatable bladder directly above the brachial 
artery.  Wrap the cuff smoothly and snugly around the arm.  Test for proper cuff application 
by placing both thumbs under the applied cuff and tug gently; the cuff should not move.  If 
the cuff is too loose, the pressure determination will be incorrectly high. 

3. Sometimes, when a large cuff is required, the screenee/person will have a very short upper 

arm in somewhat of a cone configuration, resulting in the lower edge of the cuff extending 
below the bend in the elbow.  In this situation, it may be more accurate to apply the 
appropriate size cuff to the lower arm (the top edge of the cuff should be placed just below 
the elbow) and use the radial pulse to determine both the MIL and the actual pressure 
reading.  Be sure that the radial pulse is at the same level as the heart.  It may be necessary 
to use the bell side of the stethoscope to hear the fainter sounds produced by the radial 
artery.  

 
 
 



 
 

 
 
 
   

IV F.  AUSCULTATORY/MANUAL TECHNIQUE: MAXIMUM INFLATION LEVEL (MIL) 
 

Maximum Inflation Level (MIL) refers to the maximum level to which the pressure in the 
cuff needs to be elevated before measuring blood pressure using the auscultatory-palpatory 
(AP) method.  To determine the MIL, always perform Step 1 (below) when measuring BP. 
 

STEP 1 

1. After applying the pressure cuff, locate the radial pulse.  Then palpate (feel) the radial 
pulse while steadily inflating the cuff and watching the mercury column or aneroid 
gauge.  Note the point on the mercury column (or aneroid gauge) at which the pulse 
disappears. 

2. Rapidly deflate the cuff. 
3. The point at which the radial pulse disappeared is approximately the same as the 

screenee/person’s systolic BP.  Remember this number. 
4. Step 1 is necessary to obtain an accurate systolic blood pressure because of a condition 

called auscultatory gap that exists in some persons.  This Step also alerts the screener to 
irregularities of the heart rate such as atrial fibrillation that could affect interpretation of 
blood pressure readings. 

 

STEP 2 

1. After the estimate of systolic pressure is completed, wait 15 to 30 seconds before 
measuring the pressure with the stethoscope.  This will allow time for the blood to 
return to the forearm. This wait must occur between every consecutive measurement of 
blood pressure.   

2. Before inflating the pressure cuff, always use both hands to squeeze the inflatable 

bladder to release all air and thus ensure that the pressure level is at zero. 
3. After the 15 to 30 second wait, palpate the brachial pulse and place the stethoscope 

head directly over the brachial pulse just below, but not touching, the cuff or tubing. 
Unless absolutely necessary (i.e., in using a large adult or thigh size cuff), never place the 
stethoscope under the cuff.  The stethoscope should be applied firmly, but with light 
pressure.  Heavy pressure will distort the artery and may cause sounds to be heard 
below the true diastolic pressure.  When using the diaphragm side of the stethoscope, 
there should be no air between the skin and the stethoscope.  When using the bell side 
of the stethoscope, be certain that all edges of the bell are in contact with the skin. 

4. With the stethoscope in place, close the valve and by rapidly and steadily squeezing the 
pressure bulb, inflate the cuff 20-30 mmHg above the point where the pulse 
disappeared in Step 1 – this is the Maximum Inflation Level (MIL).  Open the valve 
smoothly and slightly to begin deflation of the pressure cuff. 

5. Maintain a constant deflation rate of 2-3 mmHg per second.  If the cuff is deflated too 
quickly, the column of mercury falls too rapidly resulting in inaccurate, usually low, 
readings. 

6. Never allow the mercury or aneroid gauge pointer to stop during deflation and once the 
mercury or aneroid gauge pointer begins to fall, never pump the pressure higher without 



 
 

 
 
 
   

completely deflating the cuff, waiting 15 seconds and starting over.  Both of these 
situations cause venous congestion and result in erroneously high readings. 

7. Allow the cuff to deflate at this constant rate of 2-3 mm per second throughout the 
entire range to about 10 mm below where the last sound was heard.  If the sounds 
reappear and disappear again, this second disappearance of sound should be recorded 
as the diastolic since auscultatory gaps can be found at the diastolic level of blood 
pressure also.  Remove the stethoscope and deflate the cuff completely by opening the 
thumb valve all the way and squeezing the rubber bladder. 

8. Record the blood pressure.  Read to the nearest even number.  If the reading falls 
between two numbers, read the number above. 

 
IV.G.  AUSCULTATORY/MANUAL TECHNIQUE: AUSCULTATORY GAP 
 
• In certain persons, as the pressure in the cuff is lowered, the first Korotkoff Sounds fade 

or disappear completely and reappear at a level well above the diastolic pressure.  
Although the Korotkoff Sounds disappear, the pulse can still be felt during the silent 
period (reason for the complementary role of the palpatory technique).  This 
auscultatory gap usually occurs at the end of Phase 1 and the beginning of Phase 2 or 
between Phase 1 and Phase 3 (no sound is heard in Phase 2).   

• If you measure a blood pressure without first performing an estimate of systolic blood 
pressure, your choice of the level to which the cuff pressure is inflated is arbitrary and in 
fact may result in failure to inflate the cuff above the pressure range of the auscultatory 
gap.  Thus, you will record the systolic blood pressure at the beginning of the second 
group of sounds, and underestimate the true systolic pressure. 

• For example, if a person’s true blood pressure is 210/90 mm Hg with an auscultatory gap 

between 180 mm Hg and 144 mm Hg, and the pressure in the cuff is raised to only 160 
mm Hg, the systolic blood pressure would be recorded at the incorrectly low level of 144 
mm Hg. 

 

 IV.H.  AUSCULTATORY/MANUAL TECHNIQUE: PROCEDURES TO ENHANCE THE LOUDNESS 
OF THE KOROTKOFF SOUNDS 
 

• The intensity and loudness of the Korotkoff Sounds depend on the difference between 

the pressure of the blood in the vessels of the forearm and the pressure of the blood 

entering the forearm from under the cuff.  If a large amount of blood is trapped in the 

forearm when blood pressure is being measured, this condition increases the pressure in 
the forearm and thus decreases the intensity and loudness of the Korotkoff Sounds. 

• There are three procedures that can be employed to reduce the amount of blood 
trapped in the forearm (venous congestion) and thereby increase the intensity and 
loudness of the Korotkoff Sounds: 

1. Rapidly inflate the pressure cuff. 
2. Raise the arm and forearm for several seconds to drain venous blood.  Inflate the 

cuff to the MIL while the arm is elevated.  Lower the arm and begin deflation 



 
 

 
 
 
   

while listening to the sounds through the stethoscope. 
3. Instruct the screenee/person to open and close his fist 8-10 times after the 

pressure cuff is inflated above the systolic level but before deflation is begun. 
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   PART V: ACCURACY VERSUS INACURRACY 

V.A.  THE IMPORTANCE OF A PERFORMANCE QUALITY CHECK LIST    

 For all groups and individual practitioners, it is important to have a quality checklist that 

you follow in order to standardize your BP measurement procedure.  Our CIC example would 

be:  

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 WHAG ACTION POINTS 

CIC BP MEASUREMENT QUALITY CHECKLIST 

• No smoking, alcohol, caffeine, or exercise for > 30 minutes 

No talking, and search for quiet space 

• Rest 5 minutes before measurement   

• Use only validated and calibrated devices, and document device and cuff size 

used 

• Measure arm to assure correct cuff size. 

• Confirm cuff position, above brachial artery and elbow bend at the level of 

the heart, with special caution for obesity and short upper arms 

• Check BP, ideally in both arms, absolutely on first visit 

Identify if one side BP is higher for future reference 

• If clinically warranted (elderly, diabetes, or multiple medications), measure 

both sitting and standing 

• Sit on chair with back supported and uncrossed feet on the ground, 

specifically not lying on bed or exam table 

• Support arm, and specifically do not measure with arm hanging at side 

unsupported 

 

 



 
 

 
 
 
   

 

V.B. COMMON CAUSES OF BLOOD PRESSURE MEASUREMENT ERRORS 

 Earlier versions of the BP measurement manual had tables on common causes of blood 
pressure measurement errors, which may be a good place to start and then build from there to 
reflect updates in information available that might actually be able to shift from qualitative 
description of the effects to actually quantifying how big the variation from accurate may be.  

 In essence, you might organize your thinking to group things together that may cause 
the reading to be falsely high, so if you are suspicious of the reading, you can troubleshoot: 

• Bladder too narrow or small 

• Bladder not centered over artery 

• Cuff not applied “snugly” or adequately tight 

• Screenee/person lying down 

• Screenee/person not sitting straight or slouched 

• Brachial pulse below heart level  

• Arm not fully supported from below 

• Leaning on the arm, even though supported  

• Possible cuff over-inflation causing screenee/person discomfort  
 

Alternatively, you may be concerned that the BP measurement reading is falsely low, so the 
factors to troubleshoot would be:  

• Bladder too wide or large 

• Brachial pulse above the heart level  

• Deflation rate on manual devices too rapid 
 
There are multiple other factors that simply lead to incorrect readings, as you will note 
in the table.  Opportunities to remedy the situation are also described.  

 

 

 

 



 
 

 
 
 
   

  Common Causes of Blood Pressure Measurement Errors 

A.)  Inflation System Mechanical Issues: 

 Cause   Effect    Correction 

Bladder too narrow (too small) 

 

Bladder too wide (too large) 

High reading 

 

Low reading 

Use proper size cuff 
(bladder).   
The circumference and 
diameter of the arm 
determines the size bladder 
needed. 

A leak in the bladder or tubing Mercury or aneroid 

needle continues to fall 

when valve is closed. 

Replace bladder or tubing. 

Bladder not centered over artery High reading Use proper technique 

Cuff not applied snugly High reading Reapply cuff. 

Cuff applied over clothing Incorrect reading Use proper technique. 

Pressure bulb has air leaks Mercury or aneroid 

needle continues to fall 

when valve is closed. 

Replace bulb. 

Control valve “sticks” Unable to control 

deflation rate resulting in 

incorrect reading. 

Replace valve. 

Control valve dirty, worn, or has 
broken parts 

Mercury or aneroid 

needle continues to fall 

when valve is closed. 

Have valve cleaned or repair 
broken parts. 

 

 

 

 

 

 

 

 



 
 

 
 
 
   

B.) Operator Controlled Issues Related to Screenee/Person: 

            Cause              Effect              Correction 

Screenee slouched High reading              Have screenee sit up straight. 

Brachial pulse below heart 
level 

High reading Brachial pulse at heart level. 

Arm not fully supported on 

stable surface 

High reading Place arm on desk, table, etc. 

Brachial pulse above heart 

level 
Low reading Place brachial pulse at heart 

 level. 

Clothing around arm too tight Incorrect 

reading 

Remove clothing on arm. 

Leaning on arm High reading Have screenee sit back in 

chair with no weight on arm. 

 

C.) Observer Related Issues: 

 Cause    Effect   Correction  

Inflation rate slow or 

 inconsistent 

Incorrect reading - 
 may cause auscultatory 

 gap. 

Maintain rapid and 

constant inflation rate. 

Cuff inflated too high Painful to screenee and 

may cause incorrect 

(high) reading. 

Determine MIL. 
 

Deflation rate too slow High diastolic reading and 
may cause auscultatory 

 gap. 

Deflate at 2-3 mmHg per 
second. 

Deflation rate too fast Low reading Deflate at 2-3 mmHg per 
second. 

Cuff re-inflated after 

 deflation has begun 

Incorrect reading Deflate cuff completely.  
Wait 15-30 seconds 

 Before re-inflating. 

Observer bias, digit 

preference, cut-point bias, 
previous reading bias or 

 fatigue 

Incorrect readings Be aware of and on guard 
against these problems. 

 
 



 
 

 
 
 
   

V.C.  MORE SPECIFIC ANALYSIS: CAUSES OF INACCURACY 

 As reviewed in VI.B.1.b., an Australian group in 2017 reviewed 328 studies for 29 

potential sources of inaccuracy.  In addition to the Kallioinen et. al.  citation in the Module VI. 

References section, you can access a summary of the quantitative aspects of findings related to 

these 29 sources of inaccuracy and estimates of the range of impacts in  table 2 at : 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5278896/table/T2/?report=objectonly 

 In essence, causes of BP measurement inaccuracy were categorized into four groups and 
three levels of severity: 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

As also reviewed in VI.B.1.b., in 2019 the Lancet Commission Group Position Statement 

on Optimizing Observer Performance of Clinic Blood Pressure Measurement endorsed the 

analytic approach and quantitative information, which was streamlined in a Table 3 summary, 

which can be found at this link:  https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6686964/ 

 

 

 KNOWLEDGE POINTS  

CAUSES OF BP MEASUREMENT INACURRACY 

• Patient-related 

• Procedure-related 

• Equipment-related 

• Physician- or health professional related 

SIZE AND SEVERITY OF BP MEASUREMENT INACURRACIES 

• Small, </= mm Hg 

• Moderate, 5-15 mm Hg 

• Large, >/= 15 mm Hg 

 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5278896/table/T2/?report=objectonly
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6686964/


 
 

 
 
 
   

A comprehensive summary of the 29 potential sources of inaccuracy in measurement of 
adult BP in the clinic, according to the four categories includes: 

 
SOURCES OF INACCURACY IN MEASUREMENT OF ADULT BP IN THE CLINIC 

A. PATIENT-RELATED 

1. Acute meal ingestion 

2. Acute alcohol use 

3. Acute caffeine use 

4. Acute nicotine use or exposure 

5. Bladder distension 

6. Cold exposure 

7. Paretic arm 

8. White-coat effect 

 

B. DEVICE-RELATED 

9. Device model inaccuracy 

• Mercury devices 

• Aneroid devices 

• Automated devices 

10.  Device integrity and calibration  

 

C.  PROCEDURE-RELATED 

11.  Insufficient rest period 

12. Body position 

13. Legs crossed at knees 

14. Unsupported back 

15. Unsupported arm 

16. Arm lower than heart level  

17. Incorrect choice of cuff size  

18. Cuff placed over clothing 

19. Stethoscope under cuff 

20. Talking during measurement  

21. Use of stethoscope bell (vs. diaphragm 

22. Excessive pressure on stethoscope head 

23. Fast cuff deflation rate 

24. Short interval between measurements 

25. Reliance on a single measurement 

26. Interarm variability 



 
 

 
 
 
   

 

D.  OBSERVER-RELATED  

27. Observer hearing deficit 

28. Korotkoff sound interpretation 

29. Terminal digit preference to zero  

 

 

V.D.  FINAL INFOGRAPHIC SUMMARY 

2019 the Lancet Commission Group position statement on optimizing observer 
performance of clinic blood pressure measurement did endorse semi-automated and fully 
automated devices, and you have seen the automated infographic in VI.C.2.  There is also a 
companion Infographic on auscultation that we will end with, with source reference for the 
publication at Doi:10.1097/HJH.0000000000002112. 
  

 
 
 



 
 

 
 
 
   

 
 
 
 

 
 



 
 

 
 
 
   

APPENDIX A 
 

QUALITY & SAFETY STANDARDS FOR MERCURY MANOMETERS 
  

A 1. Inspection Guidelines: 

• The level of mercury in the acrylic tube should be at the zero line when the manometer 
is on a level surface with the inflation system disconnected. If the level is below zero, 
mercury should be added. 

• If the level of the mercury is above zero in the acrylic tube, the equipment should be 
serviced.  

• If the shape of the mercury meniscus (top of the column of mercury) is not a smooth 
well-defined curve, this is caused by dirt in the mercury or in the acrylic tube. 

• If the mercury does not rise easily in the tube or if the mercury “bounces” noticeably, 
the pressure within the tube has been altered. This is caused by clogged pores in the 
diaphragm at the top of the acrylic tube. The diaphragm should be replaced. 

• If the mercury is black (rather than a bright silver color) or droplets of mercury are 
observed clinging to the acrylic tube, the mercury needs to be cleaned or replaced. 

• Mercury equipment should be cleaned and repaired only by a company licensed to do 
so as mercury is a hazardous substance and should not be handled or disposed of by 
persons unfamiliar with the regulations concerning hazardous materials.  Generally, 
this suggests that cleaning and repair be performed by a medical supply company 
licensed to service mercury containing equipment, an obvious logistical challenge.  It is 
recognized that in reality these resources are not always available, yet the knowledge 
base is still important for safety indications.  

A 2. Mercury Spills and Leaks: 

• Mercury is a metallic substance that gives off a toxic vapor when exposed to the 
atmosphere. Temperature, ventilation, and sunlight affect the level of the vapor’s 
concentration. Mercury vapors can be absorbed through the skin and are poisonous 
when inhaled. 

• Mercury manometers are preferred for measuring BP because the screener can easily 
determine their accuracy through a simple visual inspection. 

• Checks for mercury leaks are made by inflating the system to raise the mercury as high 
as it will go in the acrylic tube. Mercury droplets at the top and/or bottom of the tube 
indicate a leak. If a leak exists, the washers at the ends of the tube should be replaced. 

• In the event a mercury spill does occur, the following actions should be taken: 
o Immediately ventilate the room. 
o Put on goggles and gloves. 
o Collect the mercury using a suction device and place it in a sealed 

container. 
o Return the collected mercury to a facility that is licensed to dispose of it 

properly. 



 
 

 
 
 
   

• Mercury spill kits are available. They usually contain goggles, gloves, suction 
device, a substance to spray on the mercury so the beads will cling together, a 
substance to spray the room to decrease the toxic vapors and a container to 
place the mercury in. 

• Do not do any of the following: 
o Do not attempt to pick up mercury with bare hands 

o If mercury gets on the hands, they should be washed with soap and 
water. 

o Do not attempt to wipe up the mercury with a paper towel (wet or dry); 
it will continue to break up into small beads. 

o Never attempt to vacuum up the mercury. The heat of the vacuum will 
vaporize the mercury and it will be inhaled. 

o Do not allow mercury to come into contact with gold jewelry, as it will 
strip off the gold. 

o Do not dispose of mercury in the trash.  Mercury is hazardous material 
and is regulated. 

o Do not pour into a sink or commode, as it will remain there indefinitely.   

A3. Maintenance 

• When properly cared for, the mercury manometer had been considered the most 
reliable instrument for the measurement of blood pressure, with plans to be phased out. 

• Proper care includes the following: 
o Always transport portable manometers in their original boxes to prevent 

breakage. 
o Always keep manometers upright to help prevent leaks. 
o Never expose manometers to extremes of heat or cold (such as leaving 

equipment in the car on a hot day). 
o Always disconnect manometer from cuff while applying cuff to arm (to prevent 

knocking or “pulling” over and possibly breaking the instrument). 
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