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Abstract
AIM: This study aimed to compare the measurement results of arterial blood pressure obtained through intra-arterial, auscultatory, 
and oscillometric methods. 
METHOD: This prospective and descriptive study was conducted with 180 patients hospitalized in the intensive care units of 
cardiovascular surgery and anesthesia. Arterial blood pressures of the patients in the study were measured with 3 methods, and the 
mean arterial pressure values obtained by each method were analyzed to find out whether they were different or consistent. 
RESULTS: The average systolic blood pressure value using the intra-arterial method was found to be 125.47 ± 21.39 mm Hg, 
and the average of diastolic blood pressure  measurement obtained using the oscillometric method was the highest (73.91 ± 
10.62 mm Hg). The highest correlation was seen between the arterial BP measurements of the intra-arterial and auscultatory 
methods (systolic [0.96] and diastolic [0.90]). According to the British and Irish Hypertension Society protocol, a very good 
agreement between the diastolic blood pressure  values and a good agreement between the  systolic blood pressure  values 
were obtained.
CONCLUSION: The measurement results obtained through the auscultatory method more consistent with the results obtained 
through the intra-arterial method compared with those obtained using the oscillometric method.
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Introduction

Arterial blood pressure (BP) is a key measurement 
of hemodynamic status and is a marker of adequate 
organ perfusion and tissue flow (Thomas & Rees, 
2018). Arterial BP is measured routinely in clinical 
settings (McMahon et al., 2012) and is a parameter 
used for making several diagnostic and treatment 
decisions (Ribezzo et al., 2014). Inaccurate mea-
surement of BP might lead to misdiagnoses, inade-
quate control of BP, and inappropriate treatments 
(Barnason et al., 2012). It is therefore important to 
determine BP values accurately (McMahon et al., 
2012). 

Measuring BP directly from the artery using in-
tra-arterial catheters is the gold standard (Kayrak 
et al., 2008; Romagnoli et al., 2014). However, it is 
an expensive and invasive procedure and carries an 

increased risk of complications (Meidert & Saugel, 
2018; Spelde & Monahan, 2016). Therefore, the in-
sertion of an intra-arterial cannula is not desirable in 
all patients. Instead, noninvasive methods are pre-
ferred to measure BP (Büyüköztürk, 2000; Meidert 
et al., 2018). 

Until recently, the auscultatory BP (ABP) mea-
surement method on the basis of the hearing of 
the Korotkoff sounds was widely used; however, 
in recent years, it has been replaced by the oscil-
lometric measurement method. Today, in all areas 
of healthcare and in homes, automated BP devices 
that measure BP on the upper arms or wrists are 
being widely used (Micozkadıoğlu, 2011). Oscillo-
metric sphygmomanometers allow multiple mea-
surements of BP in a short time and are simple to 
use (Akpolat, 2010). 
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A significant increase in devices designed for 
the measurement BP has raised concerns about 
whether the measurement of arterial BP per-
formed with these different instruments and 
methods is accurate and reliable as BP itself can 
be extremely variable (Akpolat, 2010; Kaczorows-
ki et al., 2012). The differences between the BP 
results obtained by the direct intra-arterial (in-
vasive) method and the indirect (noninvasive) 
method may adversely affect treatment decisions 
(Araghi et al., 2006). 

In the literature related to BP measurement meth-
ods, there are several studies on the different de-
vices and methods used to measure BP. A study 
by Jones et al. (2001) conducted to compare the 
oscillometric and auscultatory methods, which 
are noninvasive BP measurement methods, deter-
mined that the results obtained with the oscillome-
tric method were higher. A study by Watson et al. 
(1998), compared BP measurements obtained us-
ing the intra-arterial method with those obtained 
with an oscillometric wrist device and mercury 
sphygmomanometer and found that both diastolic 
and systolic BP values obtained with the mercury 
sphygmomanometer were higher than those ob-
tained using the other 2 methods. 

A study by Vera-Cala et al. (2011) conducted to 
compare the BP values of 1,084 randomly se-
lected people aged between 15 and 64 years, re-
vealed that systolic BP (SBP) values obtained with 
the oscillometric method were 1.8 mm Hg higher 
than those obtained with the auscultation meth-
od; however, diastolic BP (DBP) values determined 
using the former were 1.6 mm Hg lower than those 
determined with the latter method. In a study by 
Holt et al. (2011), the direct arterial method was 
compared with indirect BP measurement methods. 
They found that there was no clinically significant 
difference between the methods in normotensive 
children. A study by Ribezzo et al. (2014) found that 
the SBP values obtained intra-arterially and DBP 
values obtained with the auscultatory method were 
higher.

This study aimed to investigate whether BP values 
obtained from ABP and oscillometric BP (OBP) mea-
surements, which are commonly used in healthcare 
centers and in homes, were consistent with each 
other and with the values obtained with the intra-ar-
terial method. 

Research Questions
In arterial BP measurements,

1.	 Are BP values obtained with the auscultatory 
method consistent with those obtained with the 
intra-arterial method?

2.	 Are BP values obtained with the oscillometric 
method consistent with those obtained with the 
intra-arterial method?

3.	 Are BP values obtained with the auscultatory 
and oscillometric methods consistent with each 
other? 

Methods

Study Design
This was a prospective and descriptive study.

Sample
This study was conducted in the intensive care units 
of the cardiovascular surgery and anesthesia clin-
ics of a university hospital in the province of Izmir 
in January and August 2014. The study sample in-
cluded 180 patients who met the inclusion criteria, 
agreed to participate in the study, and were hospi-
talized and treated in the intensive care units where 
the study was conducted. To determine the sample 
size (the power of the research was set to be at least 
80%), power analysis was used. 

Inclusion Criteria
The sample included patients over 18 years of age 
who:

•	 Agreed to participate in the study.
•	 Had an intra-arterial catheter inserted in the ra-

dial artery.
•	 Had an upper arm circumference of 16–30 cm.
•	 Had different stable vital signs and normal range 

during arterial blood pressure measurements.
•	 Did not have cardiac rhythm disorders, frac-

tures, peripheral vascular diseases, edema, skin 
lesions, or burns and/or fistula in the upper 
arm.

•	 Did not have any disorder preventing the patient 
from lying in a supine position.

•	 Did not have heart rate changes greater than 10 
beats per minute, pain or any other stimulant 
during BP measurements.

•	 Did not have high-dose fluid treatment likely to 
affect BP or the discontinuation of this treat-
ment in the last 6 hours.

195

Babadağ and Zaybak. Three Methods of BP Measurement



•	 Did not have a BP deviation of 20 mm Hg or more 
in the last 6–8 hours.  

•	 Did not have drugs used in the treatment of hy-
pertension or hypotension in the last 6–8 hours. 

Data Collection 
For the collection of the study data, the case report 
form, aneroid sphygmomanometer (F. Bosch Aner-
oid Sphygmomanometer), automatic upper arm BP 
monitor (Microlife BP 3AC1-PC oscillometric), and 
intra-arterial BP (IABP) monitor (Nihon Kohden) 
were used. The case report form included items in-
quiring which intensive care unit the patient was 
hospitalized in; the patient’s sex, age, body mass in-
dex; and the diagnosis and drugs the patient was on. 

All BP measurements were made with the patient in 
the supine position, with the arm kept straight at the 
heart level and supported from the bottom and the 
palm facing upward. For all the measurement meth-
ods, BP values were measured twice and their aver-
ages calculated. First, the patients’ IABP values were 
obtained twice from the monitor at an interval of 15 
seconds; then the auscultatory and the oscillometric 
methods were used on the upper arm with radial ar-
tery catheterization at 5-minute intervals.

In the study, indirect BP measurements were made 
by a single researcher. To avoid bias in indirect mea-
surements, arterial BP measurements were made by 
a blinded observer, who did not participate in the in-
direct measurements, by reading the values on the 
intra-arterial monitor.

BP Measurement Protocol

Auscultation method
The brachial artery was located, and the cuff was 
placed on the arm with the lower edge 2–3 cm above 
the antecubital fold. After placing a stethoscope 
on the artery, the cuff was inflated. Then the air in 
the cuff was deflated at a rate of 2–3 mm Hg/sec. 
When the first Korotkoff sound was heard through 
the stethoscope, the reading on the manometer was 
determined as the SBP value. The reading on the 
manometer was determined as the DBP value when 
the sound ceased.

Oscillometric method
The measurement was made by locating the cuff 
with its center on the brachial artery of the arm with 
radial artery catheterization. Connective tubes were 

placed at the front of the forearm, and BP values 
measured were recorded. 

IABP measurement
BP values on the monitor were recorded twice at 
15-second intervals. 

Statistical Analysis
The data were evaluated using the Statistical Pack-
age for Social Sciences version 16.0 (SPSS Inc.; Chi-
cago, Il, USA). Descriptive statistics were calculated 
for quantitative items. The paired sample t test, inde-
pendent sample t test, one-way analysis of variance, 
Tukey test, correlation analysis, and the Bland-Alt-
man analysis were used to analyze the data. Statisti-
cal significance was set at p ≤ .05. 

All the mean values of the BP measurements were 
verified to be within acceptable limits according to 
the British and Irish Hypertension Society (BIHS) 
protocol (O’Brien et al., 1993).

(*The British Hypertension Society changed its 
name to the British and Irish Hypertension Society 
in 2016).

Ethical Considerations
The study was approved date 25.09.2013 number is 
2013-13 by the Ethical Commitee of Ege University 
Nursing Faculty was obtained before the study from 
the board of scientific ethics (#2013-41) and the in-
stitution where the study was to be conducted. The 
recruited patients were informed about the study 
and their verbal and written consents obtained. 
Informed consents were obtained from the legal 
guardians for the patients who were unconscious or 
unable to make decisions. The patient-identifying 
information was not used during or after the study.

Results

Of the patients, 69.4% were men, 55% were in the 
41–65 age group (mean 7.07 ± 14.85 years), 47.0% 
had a diagnosis of cardiovascular system disease. BP 
measurement of 61.7% of the patients was made on 
the left arm. Table 1 shows the descriptive charac-
teristics of the participating patients.

Comparison of mean BP values determined through 
the intra-arterial and auscultatory methods are 
shown in Table 2. Although the mean SBP values de-
termined using the intra-arterial method (t = 11.59,  
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p = .000) were higher than those determined with 
the auscultatory method, the mean DBP values de-
termined using the auscultatory method (t = −4.20,  
p = .000) were higher than those determined with the 
intra-arterial method. The results of the Bland-Alt-
man analysis are shown in Figures 1 and 2. Bland-Al-

tman analysis showed that the limits of the agree-
ment for auscultatory SBP (ASBP) and intra-arterial 
SBP (IASBP) values ranged from −6.1 to 15.7 mm 
Hg; and for auscultatory DBP (ADBP) and intra-ar-
terial DBP (IADBP) values, the limits ranged between 
−10.7 and 7.8 mm Hg (Figures 1 and 2). According to 
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Table 1 
Descriptive Characteristics of the Participating Patients

n %

Sex Women 55 30.6

Men 125 69.4

Age (years) 18–40 20 11.1

41–65 99 55.0

66 and above 61 33.9

Intensive care unit Cardiovascular surgery 109 60.6

Anesthesia 71 39.4

Measurement arm Right 69 38.3

Left 111 61.7

Diagnosis (n = 259)* Cardiovascular system diseases 122 47.0

Cerebrovascular system diseases 32 12.4

Respiratory system diseases 52 20.1

Gastrointestinal system diseases 20 7.7

Endocrine system diseases 12 4.6

Urinary system diseases 8 3.1

Other diseases 13 5.1
Note. *The number of some patients is shown to be higher because many had multiple diseases.

Table 2 
Differences between Systolic and Diastolic BP Measured Using Intra-Arterial, Auscultatory, and Oscillometric Methods

Systolic Mean ± SD Diastolic Mean ± SD

Intra-arterial method 125.47 ±  21.39 64.59 ± 11.18

Auscultatory method 120.68 ± 19.57 66.07 ± 10.26

Difference 4.79 ± 5.54 −1.47 ± 4.71

p value* t = 11.59 p = .000 t = −4.20. p = .000

Intra-arterial method 125.47 ± 21.39 64.59 ± 11.18

Oscillometric method 121.13 ± 19.04 73.91 ± 10.62

Difference 4.33 ± 12.11 −9.31 ± 7.98

p value* t = 4.80. p = .000 t = −15.66. p = .000

Auscultatory 120.68 ± 19.57 66.07 ± 10.26

Oscillometric 121.13 ± 19.04 73.91 ± 10.62

Difference −1.55 ± 9.52 −7.84 ± 7.38

p value* t = −.64. p = .552 t = −14.24. p = .000
Note. *Paired samples t test.



the BIHS protocol, a very good agreement between 
the DBP values and a good agreement between the 
SBP values were obtained, Table 3. 

Comparison of mean the BP values determined 
through the intra-arterial and oscillometric meth-
ods is shown in Table 2. The mean SBP values de-
termined with the intra-arterial method (t = 4.80, 
p = .000) were higher than those determined with 
the oscillometric method, and the mean DBP val-
ues determined with the oscillometric method (t 
= -15.66, p = .000) were higher than those deter-
mined using the intra-arterial method. The results 
of the Bland-Altman analysis are shown in Figure 
3. Bland-Altman analysis showed that the limits of 
the agreement for the oscillometric SBP (OSBP) and 
IASBP values ranged from −19.4 to 28.1 mm Hg; and 
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Figure 2
Bland-Altman Analysis of the Agreement between Mean 
Diastolic BP Values Using Intra-Arterial and Auscultatory 
Methods
Note: IADBP = Intra-arterial diastolic BP; ADBP = 
Auscultatory diastolic BP

Figure 3
Bland-Altman Analysis of the Agreement between Mean Systolic 
BP Values Using Intra-Arterial and Oscillometric Methods 
Note: IASBP = Intra-arterial systolic BP; OSBP = Oscillometric 
systolic BP

Figure 1
Bland-Altman Analysis of the Agreement between Mean 
Systolic BP Values Using Intra-Arterial and Auscultatory 
Methods 
Note: IASBP = Intra-arterial systolic BP; ASBP = Auscultatory 
systolic BP

Table 3 
BIHS Grade of Agreement between Methods: Cumulative Percentage of Absolute Difference (mm Hg) between IABP, 
ABP, and OBP

≤5 mm Hg ≤10 mm Hg ≤15 mm Hg ≤20 mm Hg BIHS grade*

IABP versus ABP (%)

Systolic 54.4 82.8 94.4 99.4 B (good)

Diastolic 79.4 96.1 99.4 99.4 A (very good)

IABP versus OBP (%)

Systolic 33.9 57.8 73.3 85.6 D (very poor)

Diastolic 19.4 54.4 81.1 93.3 D (very poor)

ABP versus OBP (%)

Systolic 40.6 71.1 87.2 95.6 C (poor)

Diastolic 29.4 63.9 85.6 94.4 D (very poor)
Note: IABP = Intra-arterial BP; ABP = Auscultatory BP; OBP = Oscillometric BP; BIHS = British and Irish Hypertension Society. *Grades are derived from percentages 
of readings within 5, 10, and 15 mm Hg. To achieve a grade, all 3 percentages must be equal to or greater than the tabulated values. For example, to achieve the “A” 
grade, 60% of the measured BP values with intra-arterial BP and auscultatory BP must be within 5 mm Hg, 85% within 10 mm Hg, and 95% within 15 mm Hg. The 
limit of ≤20 mm Hg does not belong to the BIHS criteria and has been inserted to highlight, in particular, the poor agreement for systolic or diastolic arterial pressure.



for the oscillometric DBP (ODBP) and IADBP values, 
they ranged between −25.0 and 6.3 mm Hg, Figure 
4. According to the BIHS protocol, a very poor agree-
ment was obtained both for the SBP values and for 
the DBP values, Table 3.

Comparison of the mean BP values determined 
through the auscultatory and oscillometric methods 
is shown in Table 2. No differences were determined 
between the mean ASBP and OSBP values (t = −.64, 
p = .552). The mean ODBP values were higher than 
the mean ADBP values (t = −14.24, p = .000). The 
results of the Bland-Altman analysis are shown in 
Figures 5 and 6. Bland-Altman analysis showed that 
the limits of the agreement for the OSBP and ASBP 
values ranged from −19.1 to 18.2 mm Hg, and for the 
ODBP and ADBP values, they ranged between −22.3 
and 6.6 mm Hg. According to the BIHS protocol, a 
poor agreement was obtained for the SBP values 
and a very poor agreement for the DBP values as 
shown in Table 3.

Discussion

This study results revealed that the mean SBP values 
obtained with the intra-arterial method were higher 
than those obtained with the auscultatory and oscil-
lometric methods (p < .001) and that the mean DBP 
values obtained with the auscultatory and oscillo-
metric methods were higher than those obtained 
with the intra-arterial method (p < .001).

The comparison of noninvasive arterial BP mea-
surements with IABP measurements carried out in 
studies with different patient groups revealed that 
the former were inaccurate (Araghi et al., 2006; Bur 
et al., 2003; Manios et al., 2007; Mireles et al., 2009; 
Muecke et al., 2009). The study by Wax et al. (2011) 
found a difference between noninvasive BP and 
IABP values.

In a study by Neslioğlu (2004), a difference was 
found between the mean SBP values and between 
the mean DBP values measured with intra-arterial 
and oscillometric methods. As in other studies, in 
this study too, the BP results obtained with the aus-
cultatory and oscillometric methods were different 
from those obtained with the intra-arterial method 
considered as the gold standard, which suggests 
that the results obtained with the auscultatory and 
oscillometric methods which are routinely used in 
clinics, and sometimes in intensive care units, might 
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Figure 4
Bland-Altman Analysis of the Agreement between Mean 
Diastolic BP Values Using Intra-Arterial and Oscillometric 
Methods 
Note: IADBP = Intra-arterial diastolic BP; ODBP = Oscillometric 
diastolic BP

Figure 5
Bland-Altman Analysis of the Agreement between Mean 
Systolic BP Values Using Auscultatory and Oscillometric 
Methods 
Note: ASBP = Auscultatory systolic BP; OSBP = Oscillometric 
systolic BP

Figure 6
Bland-Altman Analysis of the Agreement between Mean 
Diastolic BP Values Using Auscultatory and Oscillometric 
Methods 
Note: ADBP = Auscultatory diastolic BP; ODBP = Oscillometric 
diastolic BP



be misleading and thus could lead to misdiagnoses 
and wrong treatments. 

Although there are no precise data in the literature, 
Gibbs et al. (1991) have reported that in patients un-
der anesthesia, differences higher than 10 mm Hg 
should be regarded as clinically significant and that 
differences higher than 20 mm Hg should be con-
sidered unacceptable. In this study, the highest dif-
ference was between the ODBP and IADBP values 
−9.31 ± 7.98 mm Hg), and the lowest difference was 
between the IADBP and ADBP values (−1.47 ± 4.71 
mm Hg). According to the BIHS criteria, although 
the agreement between ASBP and IASBP measure-
ments was very good, it was good between IADBP 
and ADBP measurements. The agreement between 
the SBP measurements and that between the DBP 
measurements obtained with the IABP and OBP 
methods were very poor. In a study by Ribezzo et al. 
(2014), according to the BIHS protocol, there was 
a very good agreement between IADBP and ODBP 
values.

In this study, among the differences higher than 10 
mm Hg, the lowest ones were between the IABP 
and ABP methods (systolic: 17.2%; diastolic: 3.9%), 
and highest ones were between the IABP and OBP 
methods (systolic 42.2%; diastolic 45.6%) (Table 3 
shows the differences lower than 10 mm Hg). These 
results indicate that the BP results obtained with the 
auscultatory method were closer to the BP results 
obtained with the intra-arterial method. Therefore, 
the results obtained with the oscillometric measure-
ment method are believed to be more misleading, 
particularly in determining the treatment protocol of 
critically ill patients.

Bland-Altman analysis revealed a poor agreement 
between IADBP and ODBP values. On the basis of 
these results, we can hypothesize that none of the 
measurement values, except for the ADBP values, 
were consistent with the values determined with 
the intra-arterial method considered as the gold 
standard. Meng et al. (2013) found a moderate 
correlation between the SBP values and a very lim-
ited correlation between the DBP values obtained 
with the intra-arterial and oscillometric methods. 
They also found that the agreement between the 
2 methods was poor per the Bland-Altman analy-
sis. Amadasun and Isa compared the auscultatory 
method with the oscillometric method and deter-
mined the correlations between SBP and between 

DBP values obtained with the 2 methods as r = .81 
and r = .95, respectively (Amadasun & Isa, 2005). 
Therefore, it can be said that the results obtained 
with the auscultatory method were closer to the 
results obtained with the intra-arterial method. In 
their systematic study investigating the variability 
and reliability of manual and automated BP mea-
surements, Skirton et al. (2011) reviewed 16 papers 
published between January 1997 and May 2009 
and stated that BP measurement results obtained 
with the auscultatory method were more reliable 
than those obtained with the oscillometric meth-
od. The results of this study support this conclu-
sion. 

In this study, we determined that the mean ODBP re-
sults were higher (mean difference = −7.8, p = .000), 
and that the agreement between the 2 methods was 
poor for the SBP values and very poor for the DBP 
values according to the BIHS protocol. In a study by 
Landgraf et al. (2010), the auscultatory and oscillo-
metric methods were compared, and the mean BP 
values obtained with the auscultatory method were 
reported to be higher. Similarly, in their study Ama-
dasun and Isa found that both ASBP (mean differ-
ence = 7.3) and DBP values (mean difference = 3.7) 
were higher; however, these differences were not 
clinically significant (Amadasun et al., 2005). These 
results indicate that DBP measurements, in partic-
ular, obtained using the 2 methods were different 
from each other.

Conclusion and Recommendations

This study found that the differences between the 
mean SBP values were lesser, and for mean DBP 
values, the highest difference was between the in-
tra-arterial and oscillometric methods, and the min-
imum difference was between the intra-arterial and 
auscultatory methods. On the basis of the BIHS pro-
tocol, the agreement between the IADBP and ADBP 
values and between the ASBP and IASBP values was 
very good and good, respectively.

Therefore, in clinics or other healthcare centers, re-
sults obtained with the auscultatory method should 
be preferred when diagnosing hypertension or hypo-
tension.

Especially for critically ill patients, if the intra-arterial 
method cannot be used, the results obtained with 
the auscultatory method should be preferred.
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