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Accuracy of oscillometric blood pressure measurement at 
both arms in the lateral position
Maha Mostafaa, Ahmed M. Hasanina, Omnia S. Elsayeda,  
Mamdouh M. Mostafab and Khaled Sarhana 

Purpose To evaluate the accuracy of noninvasive blood 
pressure (NIBP) measurement at the dependent- and 
nondependent arms in the lateral position, using invasive 
blood pressure (IBP) as reference.

Methods This prospective observational study included 
42 adult patients undergoing surgery in the lateral 
position. Paired readings of IBP and NIBP were obtained 
at either arm. The accuracy of both arms in detecting 
mean arterial pressure (MAP) <70 mmHg was evaluated 
using the area under the receiver operating characteristic 
curve (AUC). The agreement between the IBP and NIBP 
was evaluated using the Bland–Altman and error grid 
analyses.

Results We analyzed 350 and 347 paired readings at 
the dependent- and nondependent arms. The AUC for 
detecting hypotension was comparable in both arms. The 
negative and positive predictive values (95% confidence 
interval) were 100% (99–100%) and 24% (14–34%), 
respectively for the dependent arm at cutoff value MAP 
≤86 mmHg; and were 99% (96–100%) and 21% (13–30%), 
respectively for the nondependent arm at cutoff value 
MAP ≤75 mmHg. The mean bias for MAP was −6.0 ± 9.1 
and 6.3 ± 10.1 mmHg; and for systolic blood pressure 

was 0.3 ± 11.6 and 13.2 ± 12.6 mmHg, in the dependent- 
and nondependent arm, respectively. Error grid analysis 
showed that the proportions of paired MAP readings in 
risk zone A were 71 and 82% in the dependent- and the 
nondependent arms, respectively.

Conclusion In the lateral position, the NIBP readings at 
both arms are not interchangeable with the corresponding 
IBP readings. However, NIBP measurement at both arms 
can be used to accurately rule out hypotension. Blood 
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Introduction
Monitoring of arterial blood pressure is routine during 
the perioperative period. Control of blood pressure and 
prevention of hypotension is one of the fundamental 
rules of the anesthetist. Mean arterial blood pressure 
(MAP) < 60–70 mmHg and systolic blood pressure (SBP) 
< 90–100 mmHg are associated with increased postoper-
ative morbidity and mortality [1]. However, maintaining 
blood pressure above these thresholds requires precise 
measurement of arterial blood pressure.

The gold standard for arterial blood pressure measure-
ment is through an arterial catheter [2]. Being invasive and 
relatively expensive, measurement of arterial blood pres-
sure through an arterial catheter is restricted to patients 
with major, rapid changes in blood pressure in the operat-
ing room as well as the intensive care units and patients 
with major cardiac morbidity. Therefore, noninvasive 

blood pressure (NIBP) monitors are the most used in 
daily practice. Among the NIBP monitors, oscillometric 
blood pressure measuring technology is considered the 
standard and the most widely used method in operating 
rooms and intensive care units [2,3].

To achieve accurate NIBP measurement, the cuff should 
be applied at the level of the heart [2]. However, this is 
not possible when the patient is in the lateral position; 
therefore, the NIBP in these patients is not accurately 
reflective of a central referenced blood pressure. Many 
surgical procedures, sometimes major such as thoracic 
surgery and neurosurgery, are conducted in the lateral 
position; during these operations, the choice of the side 
for application of the NIBP cuff is a challenging deci-
sion with no clear recommendations. The nondependent 
upper arm (the higher positioned arm) is claimed to be 
an inaccurate measurement site because the cuff position 
is above the level of the heart [4]. The dependent upper 
arm (the lower positioned arm) is below the level of the 
heart, sometimes is not accessible and might be affected 
by compression of the axilla. Data concerning the 
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accuracy of NIBP measurement in both arms in detect-
ing intraoperative hypotension using the invasive arterial 
blood pressure as a reference is limited during the lateral 
position. In the current study, we aimed to evaluate the 
accuracy of the two arms and their ability to detect intra-
operative hypotension using real-time invasive blood 
pressure measurement as reference.

Patients and methods
This prospective observational study was conducted in 
our university hospital from January to March 2020, after 
institutional Research Ethics Committee approval (MS-
257-2019) and clinical trial registration (NCT04238052). 
Written informed consent was obtained from the partici-
pant before enrollment.

We included adult patients aged 18–65 years, American 
society of anesthesiologist’s physical status I–III, with 
body mass index less than 35 kg/m2, scheduled for elec-
tive noncardiac surgery under general anesthesia, in the 
lateral position.

Patients with any of the following morbidities: periph-
eral vascular diseases, upper extremity operations, upper 
extremity scars, upper extremity deep venous thrombo-
sis, and arrhythmias were excluded from the study.

Upon patient’s arrival to the preparing room, a baseline 
NIBP reading (average of three successive readings 
3-min apart with less than 10 % difference from the first 
reading) was obtained in both upper arms. Patients with 
SBP difference of 10 mmHg or more between both arms 
were excluded from the study.

The upper arm circumference was measured at the 
mid-arm using a measuring tape, and the NIBP cuff was 
selected according to the manufacturer recommenda-
tions: an adult NIBP cuff (bladder size: 13.1 × 23.5 cm) 

was used if the arm circumference was 25–35 cm, and a 
small adult cuff was used if the arm circumference was 
18–26 cm (bladder size: 9.3 × 18.1 cm).

After induction of general anesthesia, a 20-G radial arte-
rial catheter was inserted in the arm that was planned to 
be dependent. The arterial catheter was connected to a 
pressure transducer placed at the level of the mid-axillary 
line while the patient in the supine position and at the 
mid-sternum when the patient was turned to the lateral 
position. Invasive and noninvasive blood pressure meas-
urements were achieved by Progetti (PG M9500, Italy) 
monitor. According to the manufacturer, the device had 
passed the EN ISO 81060 2 standard. The patient was 
placed in the lateral position with an axillary roll below 
the lower chest. The dependent arm rested on an arm 
board while the nondependent arm rested on an arm 
holder. The head and neck remained in a neutral position 
with the spine by resting on a horseshoe pillow. A pillow 
was placed between both knees. Five minutes after set-
tling in the lateral position, paired readings of invasive 
blood pressure and NIBP were obtained alternatively at 
the two measuring sites at 5 min intervals until the end of 
surgery. Readings were obtained only when the invasive 
SBP variation was less than 10 mmHg. If the SBP varia-
tion was more than 10 mmHg, a fluid bolus was infused 
and no readings were recorded until the SBP variation 
was less than the predefined value [5].

As the radial arterial catheter was placed in the depend-
ent arm, the invasive blood pressure readings correspond-
ing to the nondependent NIBP readings were obtained 
10 s after the onset of cuff inflation. Whilst invasive blood 
pressure readings corresponding to the dependent NIBP 
readings were obtained from the same arm just before the 
cuff inflation. Intraoperative fluid management included 
a baseline infusion of crystalloids at a rate of 4 mL/kg/h, 

Fig. 1

Patients’ enrollment.
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and further fluid administration was according to the 
attending anesthetist’s discretion aided by pulse pressure 
variation in accordance with the local protocols of our 
hospital [5].

The changes in SBP and MAP (ΔSBP and ΔMAP) were 
calculated for invasive and noninvasive blood pressure 
readings at both sites as the difference between two suc-
cessive measurements for each.

The primary outcome was the accuracy of MAP deter-
mined by the NIBP device in detecting invasive MAP 
<70  mmHg. Other outcomes included the accuracy of 
NIBP in detecting invasive SBP <100  mmHg, correla-
tion, mean bias and limits of agreement between invasive 
blood pressure and NIBP measurements at either arm, 
as well as the trending ability of both measuring sites in 
relation to the invasive blood pressure measurements 
using concordance rate. An error grid was constructed for 
SBP and MAP at each of the measurement sites.

Statistical analysis
Sample size estimation
Sample size was calculated using the MedCalc Software 
version 14 (MedCalc Software bvba, Ostend, Belgium) to 
detect an area under the receiver operating characteristic 
curve (AUC) of 0.75 with a null hypothesis AUC of 0.5. 
Taking into consideration that the number of hypoten-
sive readings would be 5% of the total readings, we calcu-
lated a minimum number of 300 pairs of readings (with at 
least 15 hypotensive readings) for a study power of 90% 
and an alpha error of 0.05. This number of readings was 
expected to be obtained from a minimum of 35 patients 
(at least nine readings per patient).

Statistical analysis
Statistical Package for the Social Sciences software, ver-
sion 21, for Microsoft Windows (IBM Corp, Armonk, NY), 
MedCalc software and Statistical Analysis System (SAS 
University Edition 2020. Cary, North Carolina, USA: SAS 
Institute Inc.) were used for the data analysis. Data were 

tested for normality using the Shapiro–Wilk test. Data 
were expressed as mean ± standard deviation and median 
(quartiles) as appropriate. Analysis of the AUC (accounted 
for repeated measures) to diagnose hypotension at the 
two measurement sites was conducted [6]. The optimum 
cutoff value was identified using the Youden’s index. The 
corresponding sensitivity, specificity, positive and nega-
tive predictive values were then calculated. The AUCs 
were compared using the Hanley–McNeil test. P-values 
of 0.05 or less was considered statistically significant.

Correlation was tested using the Spearman’s test. The 
correlation coefficient r was evaluated by transforming 
the r value into z-scores using the Fisher’s r to z transfor-
mation. The Bland–Altman analysis, adjusted for multi-
ple measurements per subject, was performed to evaluate 
the mean bias (invasive blood pressure – NIBP) and 95% 
limits of agreement between the paired invasive and 
noninvasive blood pressure readings. The unpaired t-test 
and the Mann–Whitney U test were used to compare 
continuous data, as appropriate. The error grids for the 
SBP and MAP were constructed using a computer pro-
gram executed by MATLAB runtime (The MathWorks 
Inc., Natick, Massachusetts, USA) [7]. The Chi-squared 
test was used to compare the proportions of measure-
ments in risk zone A versus risk zone B-E between the 
dependent- and nondependent arms.

The trending ability of NIBP pressure at both arms in 
relation to invasive blood pressure was evaluated by pre-
senting the corresponding changes in their values in a 
four-quadrant plot and calculating the concordance rate. 
A central exclusion zone was identified using changes 
of invasive blood pressure values <5% of the maximum 
observed change [8]. Detailed statistical analysis is pro-
vided as Supplementary File, Supplement digital con-
tent 1, http://links.lww.com/BPMJ/A140.

Results
Forty-five patients were assessed for eligibility, three 
patients were excluded for having an interarm SBP dif-
ference >10  mmHg, and 42 patients were included in 
the study. Three hundred and fifty pairs of readings were 
obtained from the dependent arm, while 347 readings 
were obtained from the nondependent arm (Fig. 1).

The included patients had mean age and BMI of 33.9 ± 14 
years and 28.9 ± 5.2 kg/m2, respectively (Table 1). The 
ranges of invasive blood pressure readings are presented 
in Table 1.

The number of invasive MAP readings < 70  mmHg 
were 17 and 21 readings during the dependent- and the 
nondependent arm measurements, respectively. Both 
arms showed comparable accuracy in detecting MAP 
<70  mmHg [AUC (95% CI), 0.96 (0.93–0.98) and 0.89 
(0.82–0.95) P = 0.246). The cutoff values for NIBP to diag-
nose hypotension were higher than the invasive thresh-
old (<70 mmHg) at both arms. These cutoff values were 

Table 1 Demographic data and hemodynamics characteristics

Age (years) 33.9 ± 14.1
Men (%) 27 (64%)
Weight (kg) 74.7 ± 14
BMI (kg/m2) 28.9 ± 5.2
Right arm circumference (cm) 25.7 ± 4.2
left arm circumference (cm) 26.2 ± 4.2
Interarm systolic blood pressure difference (mmHg) 5.3 ± 3.2

Type of surgery (%)  
General surgery 15 (36%)
Orthopedic surgery 5 (12%)
Neurosurgery 18 (43%)
Thoracic surgery 4 (10%)

Invasive blood pressure readings: mean ± SD (range) 
mmHg

 

Systolic blood pressure 126.5 ± 17.5 
(76–170)

Diastolic blood pressure 70.5 ± 10.9 (40–100)
Mean arterial pressure 89.5 ± 12.2 (52–130)

Data presented as mean ± SD and frequency (%).

http://links.lww.com/BPMJ/A140
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NIBP MAP ≤86 mmHg at the dependent arm and NIBP 
MAP ≤75 mmHg at the nondependent arm (Fig. 2).

The number of invasive SBP readings <100 mmHg were 
17 and 22 readings during the dependent- and nonde-
pendent arm measurements, respectively. The accuracy 
of both arms in detecting SBP <100 mmHg was compa-
rable [AUC (95% CI), 0.92 (0.84–1) and 0.89 (0.84–0.94) 
for the dependent- and nondependent arms respectively, 
P = 0.645] (Fig. 2).

The Spearman’s correlation coefficient (95% CI) between 
the invasive and noninvasive blood pressure readings was 

0.77 (0.72–0.81) and 0.76 (0.71–0.80) for SBP; and 0.68 
(0.62–0.73) and 0.64 (057–0.70) for MAP at the depend-
ent- and nondependent arms, respectively. For diastolic 
blood pressure, the correlation coefficient (95% CI) 
between the invasive and noninvasive blood pressure 
readings was 0.40 (0.31–0.49) at the dependent arm and 
0.43 (0.34–0.51) at the nondependent arm.

The mean bias for MAP was nearly similar in both 
arms but in the opposite directions (−6.0  ±  9.1 and 
6.3 ± 10.1 mmHg, respectively, P < 0.001). The mean bias 
in the SBP was lower in the dependent in relation to the 

Fig. 2

Receiver operating characteristic curves for the ability of NIBP at both arms to detect hypotension as MAP <70 mmHg (top) and SBP 
<100 mmHg (bottom). AUC, area under receiver operating characteristic curve; CI, confidence interval; MAP, mean arterial pressure; NIBP, nonin-
vasive blood pressure; NPV, negative predictive value; PPV, positive predictive value; SBP, systolic blood pressure.
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nondependent arm (0.3  ±  11.6 and 13.2  ±  12.6  mmHg, 
respectively, P < 0.001). The mean bias for diastolic blood 
pressure was higher in the dependent arm than in the 
nondependent arm (−7.5 ± 12.1 and 4.7 ± 11.9 mmHg, 
respectively, P < 0.001) (Fig. 3).

Error grid analysis for MAP revealed that the proportions 
of measurements in the risk zones A to E in the depend-
ent arm were 70.6, 28.9, 0.6, 0 and 0%, respectively; while 
the proportions of measurements in the corresponding 
risk zones in the nondependent arm were 82.4, 17.3, 0.3, 
0 and 0%, respectively (Fig. 4). The dependent arm had 
more paired MAP measurements in risk zones B-E com-
pared to the nondependent arm (P < 0.001).

Error grid analysis for SBP revealed that the proportions of 
measurements in the risk zones A to E in the dependent 

arm were 92.9, 6.0, 1.1, 0 and 0%, respectively, while the 
proportions of measurements in the corresponding zones 
in the nondependent arm to be 94.8, 4.9, 0.3, 0 and 0%, 
respectively (Fig. 4). The proportion of paired SBP read-
ing in risk zone A versus risk zones B-E were comparable 
in both arms (P = 0.283).

The concordance rate was 54 and 64% for ∆SBP, 57 and 
54% for ∆DBP and 54 and 57% for ∆MAP at the depend-
ent- and nondependent arms, respectively (Fig. 5).

Discussion
We evaluated the accuracy of NIBP measurement at the 
dependent- and nondependent arms in anesthetized 
patients in the lateral position. There was a moderate 
correlation between NIBP readings in either arm with 

Fig. 3

Bland–Altman analysis. The horizontal solid lines represent the mean bias and its 95% limits of agreement. The dashed lines represent the 95% 
confidence interval of the limits of agreement. DBP, diastolic blood pressure; MAP, mean arterial pressure; SBP, systolic blood pressure.
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Fig. 4

Error-grid plot for systolic blood pressure (top) and mean arterial pressure (bottom) for both arms. In each plot, the background colors correspond 
to the risk level for each pair of measurements. The risk ranges from 0 to 100% is shown below the plots. The risk is assigned to each combination 
of invasive and noninvasive blood pressure measurement. The error grid is divided into five risk zones from A to E as follows: A zone – no difference 
in clinical action between the invasive and noninvasive measurements (no risk), B zone – an arm NIBP measurement that deviates from the invasive 
blood pressure measurement would probably lead to benign or no treatment (low risk), C zone – an arm NIBP measurement that deviates from 
invasive blood pressure measurement would eventually lead to unnecessary treatment with moderate non-life-threatening consequences for the 
patient (moderate risk), D zone – an arm NIBP measurement that deviates from the invasive blood pressure measurement would lead to unnecessary 
treatment with severe non-life-threatening consequences for the patient (significant risk), and E zone – an arm NIBP measurement that deviates from 
the invasive blood pressure measurement would lead to unnecessary treatment with life-threatening consequences for the patient (dangerous risk)
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Fig. 5

Four-quadrant scatter plot for the trending values of the invasive and noninvasive blood pressure measurement for SBP (top), DBP (middle) and 
MAP (bottom) at both arms. DBP, diastolic blood pressure; MAP, mean arterial pressure; SBP, systolic blood pressure.
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their corresponding invasive counterpart. The mean bias 
between invasive and noninvasive blood pressure was 
high in both arms (above the international recommenda-
tions of mean bias to be ≤5 mmHg and ±SD of ≤8 mmHg). 
The trending ability of NIBP measurement at both arms 
would be miscategorized in ~50% of the times.

The presence of a significant bias between NIBP and 
invasive blood pressure measurement in the lateral posi-
tion is explained by the different levels of NIBP cuffs 
and invasive blood pressure transducer. The invasive 
blood pressure transducer is zeroed at the level of the 
heart, while the NIBP blood pressure cuff is present at 
a higher or lower position when the patient is placed at 
the lateral position. Hence, we aimed to evaluate the 
accuracy of NIBP measurement in the lateral position 
from the clinical point of view. Therefore, we analyzed 
the AUC to identify the ability of the NIBP monitor to 
detect hypotension; furthermore, the error grid analysis 
was conducted to identify the impact of the use of NIBP 
measurements on the clinical decision.

The AUC analysis revealed that both arms showed good 
accuracy in ruling out hypotension (negative predictive 
value ~99%); however, it showed less accuracy in the ver-
ification of hypotension (positive predictive value ~20%).

Error grid analysis revealed that the distribution of paired 
readings in the grid was in favor of SBP rather than MAP 
at either arm as more paired readings were in the no-risk 
zone in the SBP error grid (93% in the dependent arm 
and 95% in the nondependent arm) than in the MAP 
error grid (71% in the dependent arm and 82% in the 
nondependent arm).

In this study, both arms had a comparable correlation with 
the corresponding invasive measurement; the dependent 
arm had a smaller bias than nondependent arm in SBP 
readings, while the bias was nearly similar but in oppo-
site directions in terms of MAP readings. These findings 
differed from the results of Thomas et al. [9] study who 
reported that the dependent arm measurements had a 
smaller mean bias and better agreement than the non-
dependent arm. The difference between our results and 
Thomas et al. results might be due to the larger number 
of measurements in our study (~350 readings versus 42 
readings), in addition to the more conservative power 
calculation in our study. Our study has other advantages 
which were not addressed in Thomas et al. study, such as 
evaluation of trending, AUC analysis and error grid anal-
ysis, in addition to analysis of the agreement and correla-
tion between NIBP and invasive blood pressure readings.

We report that NIBP measurement at the dependent arm 
tends to overestimate the invasive measurement, while 
NIBP measurement at the nondependent arm tends to 
underestimate the measurement. This was represented 
by the negative mean bias in the dependent NIBP read-
ings and the positive mean bias in the nondependent 

NIBP readings. This observation is in keeping with 
Thomas et al. [9] findings and is explained by the effect 
of hydrostatic forces and the position of each arm in 
relation to the heart [10]. This observation also explains 
the higher threshold of hypotension in the dependent 
arm (118 mmHg for SBP and 86 mmHg for MAP) than 
nondependent arm (100 mmHg for SBP and 75 mmHg 
for MAP). Furthermore, the tendency of oscillometric 
devices to overestimate blood pressure at low invasive 
blood pressure [11] explains the high threshold for NIBP 
to detect hypotension even at the nondependent arm.

There is mounting evidence which confirms the hazards 
of hypotension during surgery. Hypotension is a major 
risk factor for myocardial injury, kidney injury, and death 
[1,11–13]. Therefore, individualized hemodynamic man-
agement aiming to avoid hypotension is recommended 
during surgery [14]. The recommended values for ade-
quate organ perfusion during surgery are MAP >60–
70 mmHg and SBP >90–100 mmHg [1,12]. We tried to be 
more conservative in our definitions of hypotension; thus, 
we used the higher values, namely 70 mmHg for MAP 
and 100 mmHg for SBP.

Our findings indicate that (1) the NIBP measurement at 
both arms during the lateral position lacks the required 
statistical precision; therefore, when precise measure-
ment of blood pressure is warranted, we believe that inva-
sive blood pressure monitoring should be the preferred 
route. (2) NIBP measurement at both arms cannot be 
relied upon for confirming the presence of hypotension 
(low positive predictive value); however, it can be used to 
accurately rule out hypotension (high negative predictive 
value). (3) At either arm, most of paired SBP readings, 
and to a lesser extent MAP reading, are in the no-risk 
zone; thus, the use of SBP readings would trigger more 
appropriate treatment decisions than MAP readings.

Our study had some limitations. (1) It is a single-center 
study. (2) Our study was performed using one type of 
monitor and future studies are warranted to evaluate 
other types. (3) We used the dependent arm for invasive 
blood pressure measurement; however, inserting the arte-
rial cannula at this side is the usual practice as this side is 
usually more exposed and less prone to compression and 
accidental displacement than the nondependent arm. 
Furthermore, we included patients with interarm differ-
ences <10 mmHg to avoid the impact of high interarm 
differences on our comparisons. (4) We used the radial 
artery for invasive blood pressure monitoring. Femoral 
and brachial arteries might be more representative of 
the central circulation pressure. However, the two latter 
sites are not routinely used in clinical practice and are not 
feasible for use in the lateral position. We believe that 
the pulse amplification phenomenon did not impact our 
main findings because this phenomenon mainly affects 
the SBP rather than the MAP, which is our primary out-
come [15]. (5) In the current study, we did not include 
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patients with obesity; however, arm NIBP measurement 
showed low accuracy in patients with obesity [16]. (6) 
The number of hypotensive cases was relatively low in 
the included cohort; this resulted in the low positive pre-
dictive value for the cutoff values for detecting hypoten-
sion. Hence, further studies including more hypotensive 
readings are needed.

Conclusion
In the lateral position, the NIBP readings at both arms 
are not interchangeable with the corresponding invasive 
blood pressure readings. However, NIBP measurement 
at both arms can be used to accurately rule out hypoten-
sion. The use of SBP readings would trigger more appro-
priate treatment decisions than MAP readings.
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