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Abstract

Background: Upper arm sphygmomanometry is the most commonly used clinical method of measuring blood pressure in adults. However, variations in upper arm circumference and use of different cuff-sizes result in different pressure readings. A correction factor for these variables is needed. 
Objective: The objective of this study was to identify an anthropometric adjustment factor that will allow pressure readings obtained for any combination of arm circumference and cuff bladder size to be compared.
Methods: Controlled laboratory-based simulations were carried out to identify the numerical relationship between cuff bladder size, arm circumference and resulting sphygmomanometer pressure readings. Data were compared to blood pressure values obtained from nineteen volunteer subjects.
Results: The simulations showed that sphygmomanometer pressure values obtained for different combinations of cuff bladder size and arm circumference can be integrated using the percentage (%) of upper arm circumference covered by a sphygmomanometer cuff bladder. Values obtained from the test subjects showed that a 1% change in upper arm coverage results in a 1mmHg change in both systolic and diastolic pressure readings.
Conclusion: The adjustment factor of 1mmHg per 1% circumference coverage change will allow a patient’s blood pressure to be compared to values obtained from any combination of arm circumference and sphygmomanometer cuff bladder size being used. 
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Background

Upper arm sphygmomanometry is the most commonly used method to assess blood pressure in adults. However, identifying the “Correct” cuff size has been a challenge for many years [1-5]. Variations in upper arm circumference and use of different sphygmomanometer cuff sizes are known to influence pressure readings [6-10]. Arm circumference and cuff-bladder size, in combination and separately, can have opposite effects on sphygmomanometer pressure readings. While sphygmomanometer manufacturers recommend limits on the range of arm dimensions to include, such recommendations differ among suppliers. The objective of this study was to link pressure readings, sphygmomanometer cuff bladder length and upper arm circumference to an anthropometric “adjustment factor” that will permit a single sphygmomanometer cuff bladder to be used for adult populations that exhibit a wide range of upper arm circumferences. Such an adjustment factor will also allow blood pressure values to be compared to a standard such as the American Heart Association’s (AHA) upper-arm circumference coverage recommendation of 80% [11-15].

Methods and Procedures

Two sphygmomanometer cuff sizes were used in this study to determine the relationship between changes in arm circumference and resulting sphygmomanometer pressure readings. (Figure 1) illustrates the standard bladder placement inside a sphygmomanometer cuff. The dimensions of the two cuff bladders used in this study are listed in (Table 1).

	Sphygmomanometer Cuff No.
	Bladder Length (cm)
	Bladder Width (cm)
	Bladder Area (cm2)

	# 1
	17
	8
	136

	# 2
	21
	15
	315



Table 1: Cuff bladder dimensions of the two sphygmomanometers used in the study. Differences in bladder length between Cuff #1 and Cuff #2 provided the basis for determining an anthropometric correction factor. 



[bookmark: _GoBack]Figure 1: Location of the inflatable bladder inside a sphygmomanometer cuff. The length of the bladder determines the inflation pressure needed to obtain systolic and diastolic pressure values. Bladder dimensions are not printed on sphygmomanometer cuffs.

Initial fluid dynamic tests were conducted using the simulator illustrated in (Figure 2). The simulator included a 1,000ml flexible plastic cylinder, 18cm in length and 9cm in diameter. The cylinder was filled with tap water. No air space was present inside the cylinder. A liquid pressure sensor inside the cylinder was used to monitor the H2O pressure level as a sphygmomanometer cuff was being applied. To increase the simulator circumference, a series of 15 cm-wide, 2 mm-thick felt cloth segments were wrapped around the simulator cylinder. To standardize the tests, water pressure inside the cylinder had to reach 10.6kP when a sphygmomanometer cuff was being inflated. 


Figure 2: Illustration of simulator design used for determining the relationship between cuff bladder length, arm circumference coverage and changes in required bladder inflation pressures. A cylinder reference pressure of 10.6kP was used in all tests while chamber volume of 1000ml remained constant. The cylinder circumference was increased incrementally by placing felt-strips around the cylinder.

Nineteen healthy volunteer subjects (14 females, 5 males) participated in this study. The mean age was 28 years (range 19 - 72 years), mean height was 166.6 cm, and mean weight was 64.4 Kg. The middle upper arm circumference for each subject was determined using a standard anthropometric tape measure. Baseline blood pressure for all subjects was obtained using the #2-sphygmomanometer cuff as listed in (Table 1). The subjects rested 5-10 minutes prior to each measurement while seated in a chair including back support. Left arm rested on a table with the upper arm at heart level. Legs were uncrossed and feet flat on the floor. No talking occurred during the measurement periods.

Fifteen minutes after completing a baseline measurement, ten randomly assigned subjects were measured again using the smaller #1-sphygmomanometer bladder as listed in (Table 1). Blood pressure values for the remaining nine subjects were obtained again using the #2-sphygmomanometer. However, to increase the upper arm circumferences, for these subjects, their upper arms were wrapped with a 15 cm-wide, 2 mm-thick felt cloth. To eliminate investigator bias, all blood pressure measurements were made using the WGNBPA-730 automatic oscillometric sphygmomanometer.

Results

The simulation data showed that the required sphygmomanometer inflation pressure using Cuff #2 increased linearly as the circumference of the simulator cylinder increased from 29 cm to 38 cm. These results are summarized in (Table 2) and illustrated in (Figure 3). The relationship between arm circumference coverage and blood pressure values for the nineteen volunteer subjects is shown in (Figure 4). As the cuff bladder arm circumference coverage decreased, the resulting blood pressure values increased.

	Increase in Simulator Cylinder Circumference
	Required Bladder Pressure
	Change in Required Bladder Pressure

	(cm)
	(mmHg)
	(mmHg)

	0
	97
	+0

	1
	98
	+0.1

	4
	100
	+3

	5
	101
	+4

	6
	102
	+4.5

	9
	104
	+7



Table 2: Summary of changes in bladder inflation pressure required in response to increases in simulator cylinder circumference. Required bladder inflation pressures changed linearly as the simulator chamber circumference increased.



Figure 3: Illustration of the linear changes observed in sphygmomanometer inflation pressures as cuff bladder coverage of the cylinder was modified. Inflation pressures increased when the cylinder circumference coverage was lowered. When the cylinder circumference coverage was increased, the required inflation pressure decreased.



Figure 4: Illustration of the relationship between cuff bladder arm circumference coverage and systolic and diastolic blood pressure values obtained from nineteen healthy volunteer test subjects. Data regression lines for both systolic and diastolic pressure values show a 1mmHg pressure change associated with a 1% change in sphygmomanometer bladder arm circumference coverage.

Analysis

The results of this study are consistent with the basic laws of fluid dynamics, i.e., P=F/A. The data show that an increase in upper circumference while using the same sphygmomanometer bladder will always require an increase in sphygmomanometer pressure while an increase in the cuff bladder length will always lower the required sphygmomanometer inflation pressure. Using the percentage (%) of arm circumference coverage provides the basis for an “adjustment” factor. Regression analysis of the test subject data, illustrated in (Figure 4), shows that a 1% change in circumference coverage results in a 1mmHg change in measured blood pressure. When the arm circumference coverage is reduced by 1%, the resulting systolic and diastolic pressure values increase by 1mmHg. However, when the bladder coverage is increased by 1%, the resulting pressure values will decrease by 1mmHg. 

Discussion

To standardize sphygmomanometer readings for the general population, the American Heart Association (AHA) advisory panel recommended an upper arm sphygmomanometer bladder coverage of 80% (11). However, given the wide range of arm sizes in the general adult population, it will be difficult to comply with such a recommendation in practical public health settings. Therefore, using the proposed adjustment factor will allow any combination of arm circumference coverage to be matched with the AHA recommended 80%. 

Example:

If a sphygmomanometer cuff bladder being used covers a patient’s upper arm circumference by 75%, the resulting systolic and diastolic pressure values must be adjusted down by 5 mmHg (-5 mmHg.) to match the AHA recommended 80% coverage.
If a sphygmomanometer cuff bladder being used covers a patient’s upper arm circumference by 85%, the resulting systolic and diastolic pressure values must be adjusted up by 5 mmHg (+5 mmHg) to match the AHA recommended 80% coverage.

The above examples illustrate the importance of correcting for upper arm circumference coverage. This approach will help reduce the potential miss-diagnosis of hypertension in obese patients and hypotension in exceptionally slender and petite patients. Adjusting the sphygmomanometer pressure readings to the AHA recommended 80% coverage can, therefore, provide an important next step towards standardizing sphygmomanometer blood pressure measurement procedures internationally.

Limitations

The results obtained in this study are consistent with the basic laws of fluid dynamics. However, the pressure changes resulting from the application of an inflated sphygmomanometer cuff on a patient's upper arm may be more complex than created by the simulator used in this study. While the simulator represents a “closed” fluid system, the human arm represents a partially “Open” system responding to an external pressure in a non-linear manner. Nevertheless, the simulations demonstrated that sphygmomanometer pressure readings obtained for different combinations of cuff size and arm circumference can be standardized using the percentage (%) of upper arm circumference covered by a cuff bladder. 

The proposed anthropometric adjustment factor of 1mmHg per 1% difference in arm circumference coverage is based on the data obtained from only nineteen healthy Caucasian subjects. Studying additional adult populations may show a need to modify the proposed 1% adjustment factor, especially for obese patients with exceptionally large upper arms.
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