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Background: The optimal method for blood pressure monitoring in obese 
surgical patients remains unknown. Arterial catheters can cause potential 
complications, and noninvasive oscillometry provides only intermittent values. 
Finger cuff methods allow continuous noninvasive monitoring. The authors 
tested the hypothesis that the agreement between finger cuff and intraarte-
rial measurements is better than the agreement between oscillometric and 
intraarterial measurements.

Methods: This prospective study compared intraarterial (reference method), 
finger cuff, and oscillometric (upper arm, forearm, and lower leg) blood pres-
sure measurements in 90 obese patients having bariatric surgery using 
Bland–Altman analysis, four-quadrant plot and concordance analysis (to 
assess the ability of monitoring methods to follow blood pressure changes), 
and error grid analysis (to describe the clinical relevance of measurement 
differences).

results: The difference (mean ± SD) between finger cuff and intraarterial 
measurements was −1 mmHg (± 11 mmHg) for mean arterial pressure, −7 
mmHg (± 14 mmHg) for systolic blood pressure, and 0 mmHg (± 11 mmHg) 
for diastolic blood pressure. Concordance between changes in finger cuff and 
intraarterial measurements was 88% (mean arterial pressure), 85% (systolic 
blood pressure), and 81% (diastolic blood pressure). In error grid analysis 
comparing finger cuff and intraarterial measurements, the proportions of 
measurements in risk zones A to E were 77.1%, 21.6%, 0.9%, 0.4%, and 
0.0% for mean arterial pressure, respectively, and 89.5%, 9.8%, 0.2%, 0.4%, 
and 0.2%, respectively, for systolic blood pressure. For mean arterial pres-
sure and diastolic blood pressure, absolute agreement and trending agree-
ment between finger cuff and intraarterial measurements were better than 
between oscillometric (at each of the three measurement sites) and intraarte-
rial measurements. Forearm performed better than upper arm and lower leg 
monitoring with regard to absolute agreement and trending agreement with 
intraarterial monitoring.

conclusions: The agreement between finger cuff and intraarterial mea-
surements was better than the agreement between oscillometric and intraar-
terial measurements for mean arterial pressure and diastolic blood pressure in 
obese patients during surgery. Forearm oscillometry exhibits better measure-
ment performance than upper arm or lower leg oscillometry.
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editor’S PerSPective

What We Already Know about This Topic

• Optimal blood pressure monitoring in obese surgical patients 
remains unknown because multiple invasive and noninvasive moni-
toring methods are available with little understanding of agreement 
between different methods.

What This Article Tells us That Is New

• In a study of 90 obese patients having bariatric surgery, the agree-
ment between finger cuff and intraarterial measurements was 
better than the agreement between oscillometric and intraarterial 
measurements for mean arterial and diastolic blood pressure, but 
not systolic blood pressure. Forearm oscillometry demonstrated 
better measurement performance than upper arm or lower leg 
oscillometry.

Close blood pressure monitoring is important in obese 
patients having surgery because those patients are at 

high risk of cardiac complications.1,2 However, in clinical 
practice, choosing the optimal method for perioperative 
blood pressure monitoring in obese patients is a challenge.

Invasive continuous blood pressure monitoring using an 
arterial catheter (i.e., intraarterial blood pressure monitoring) 

is the clinical reference method, but is associated with 
potential complications such as permanent ischemic damage 
(mean incidence, 0.1%), bleeding (mean incidence, 0.5%), 
or local infection (mean incidence, 0.7%).3,4 Additionally, 
arterial catheter placement can be technically challenging 
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in morbidly obese patients. Oscillometry using an inflat-
able cuff enables noninvasive blood pressure monitoring, 
but provides blood pressure values only intermittently, and 
the measurement performance depends on the selection of 
the appropriate cuff size and cuff positioning.5,6 Ideally, the 
cuff size needs to be matched to the circumference of the 
extremity used for oscillometry—usually the upper arm—
to obtain reliable measurements. Obesity is frequently asso-
ciated with an increased circumference and a conical rather 
than cylindrical shape of the upper arm. These changes can 
make correct cuff placement difficult. Therefore, it has been 
proposed to use the forearm instead of the upper arm for 
oscillometry in obese patients.7

Considering the limitations of both continuous intraar-
terial and intermittent noninvasive oscillometric blood 
pressure monitoring, innovative technologies allowing for 
continuous noninvasive blood pressure monitoring may be 
a promising option in obese patients during surgery. One 
of those continuous noninvasive blood pressure monitor-
ing technologies is the finger cuff–based vascular unload-
ing technology that is also referred to as the volume clamp 
method.8

For the finger cuff technology to be considered for 
routine blood pressure monitoring, its measurement per-
formance needs to be investigated in comparison to the 
established reference methods: continuous intraarterial 
blood pressure monitoring using an arterial catheter and 
intermittent noninvasive blood pressure monitoring using 
oscillometry.

We therefore compared continuous noninvasive finger 
cuff with continuous intraarterial blood pressure measure-
ments using a radial artery catheter in a prospective method 
comparison study in obese patients having bariatric surgery. 
We also compared intermittent noninvasive oscillometric 
blood pressure measurements at the upper arm, forearm, and 
lower leg with intraarterial blood pressure measurements.

Materials and Methods

Study Design and Patients

This prospective method comparison study was reviewed 
and approved by the Tufts Health Sciences Institutional 
Review Board (Boston, Massachusetts; No. 9743). We 
obtained written informed consent from all patients. Adult 
patients with a body mass index greater than or equal to 
40 kg/m2 scheduled for elective laparoscopic bariatric sur-
gery (gastric bypass, sleeve gastrectomy, and gastric banding) 
and an American Society of Anesthesiologists Physical Status 
classification of less than IV were eligible for study inclusion. 
Exclusion criteria were the presence of peripheral upper or 
lower extremity edema, vascular or anatomical abnormal-
ities, history of ipsilateral axillary or inguinal lymph node 
dissection, carpal tunnel syndrome, negative modified Allen 
test and absence of a palpable ipsilateral ulnar pulse, and atrial 

fibrillation. Data were collected between September 2011 
and February 2013.

Anesthesia Management

All patients received a similar general anesthetic regimen at 
the discretion of the anesthesia team. A representative com-
bination of medications to facilitate induction of general 
anesthesia and endotracheal intubation consisted of intra-
venous propofol (1 to 2 mg/kg adjusted body weight), fen-
tanyl (1 µg/kg adjusted body weight), lidocaine 100 mg, and 
rocuronium bromide (0.8 mg/kg adjusted body weight), or 
succinylcholine (1.5 mg/kg adjusted body weight). Either 
sevoflurane or desflurane in combination with fentanyl and 
hydromorphone was administered for maintenance of gen-
eral anesthesia. During surgical preparation of the abdomen 
and at skin closure, the patients were positioned horizon-
tally, and during surgery, a reverse Trendelenburg position 
was maintained. Both arms were extended and secured on 
padded arm boards.

blood Pressure Measurements

We recorded continuous intraarterial blood pressure using 
a radial artery catheter (reference method), as well as con-
tinuous noninvasive finger cuff blood pressure and inter-
mittent noninvasive oscillometric upper arm, forearm, and 
lower leg blood pressure (test methods).

To measure continuous intraarterial blood pressure, we 
inserted a 20-gauge arterial catheter in the radial artery 
after induction of general anesthesia and connected it to a 
disposable pressure transducer. The pressure transducer was 
leveled to the level of the right atrium throughout the study. 
The transducer system was examined for its damping prop-
erties with a fast flush test, and, if necessary, actions were 
taken to correct abnormal damping.

To record continuous noninvasive finger cuff blood pres-
sure, we used the finger cuff system ccNexfin (BMEYE B.V., 
The Netherlands)—now ClearSight (Edwards Lifesciences, 
USA). The ccNexfin/ClearSight system uses an inflatable 
finger cuff with an infrared plethysmograph to measure the 
blood volume in the finger arteries, keep the blood volume 
constant throughout the cardiac cycle based on an auto-
mated feedback system that inflates and deflates the finger 
cuff, and indirectly reconstruct the blood pressure wave-
form based on the required cuff pressure. The finger cuff 
was fitted and placed on the middle phalanx of the third or 
fourth finger according to the manufacturer’s specification 
for proper fit. The heart reference system that compensates 
for hydrostatic pressure differences between the level of the 
heart and the finger cuff was positioned at the level of the 
right atrium during the entire study period.

Intermittent noninvasive oscillometric blood pressure was 
measured using a standard large cuff at the upper arm, a stan-
dard adult cuff at the forearm, and a standard large cuff at the 
lower leg (all cuffs Criticon; GE Healthcare, USA). To reflect 
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daily clinical practice, cuff fit was accepted when blood pressure 
measurements could be obtained. A cuff that would not allow 
for circumferential closure or that would spontaneously come 
undone during an inflation cycle despite the most feasible limb 
alignment was considered a cuff failure for that limb site, and 
no aids such as tape were used to rescue potential measure-
ments. Oscillometric lower leg blood pressure measurements 
obtained during steep reverse Trendelenburg positioning were 
not included in the analysis because hydrostatic pressure differ-
ences would have influenced the difference between lower leg 
and intraarterial blood pressure measurements.

Intraarterial, finger cuff, upper arm, and forearm blood 
pressure measurements were taken at the ipsilateral arm 
of the patient so as to avoid any effect of blood pressure 
differences between both upper extremities on study mea-
surements. For lower leg blood pressure measurements, the 
cuff was applied to the right leg. Intraarterial and oscillo-
metric blood pressure measurements were displayed on the 
patient monitor (Philips Intellivue MP 90 anesthesia mon-
itor; Philips Healthcare, USA). Finger cuff blood pressure 
measurements were displayed on and extracted from the 
proprietary monitor of the ccNexfin system.

We recorded mean arterial pressure, systolic blood pres-
sure, and diastolic blood pressure at six different time points 
during the study period. Each measurement cycle com-
menced with the simultaneous recording of intraarterial 
and finger cuff blood pressure measurements followed by 
forearm, upper arm, and finally, lower leg blood pressure 
measurements. The six time points were chosen as follows: 
within 15 min before abdominal insufflation in the hori-
zontal position; 3, 15, 30, and 45 min after the beginning of 
insufflation in the 30° reverse Trendelenburg position; and 
3 min after desufflation in the horizontal position. Visual 
inspection of the intraarterial blood pressure waveform just 
before each point of observation allowed for correction of 
any observed obvious blood pressure waveform artifacts or 
abnormalities.

Statistical Analysis

Patient characteristics are described as mean ± SD or abso-
lute numbers with percentages, blood pressure values as mean 
± SD and range. To illustrate the distribution of finger cuff, 
upper arm, forearm, and lower leg blood pressure measure-
ments and their relation to intraarterial blood pressure mea-
surements, we calculated the Pearson correlation coefficient.

To assess the agreement between finger cuff and intraar-
terial blood pressure measurements, as well as between 
upper arm, forearm, and lower leg blood pressure measure-
ments and intraarterial blood pressure measurements, we 
performed Bland–Altman analysis accounting for repeated 
measurements,9,10 and calculated the mean of the differ-
ences (bias), SD, and 95% limits of agreement (mean of the 
differences ± 1.96 × SD). The relationships between means 
and differences are shown in the Bland–Altman plots and 
were examined by linear regression analyses.

We computed four-quadrant plots with an exclusion 
zone of 5 mmHg and calculated the concordance rate to 
describe the trending ability of finger cuff, upper arm, fore-
arm, and lower leg blood pressure measurements in com-
parison with intraarterial blood pressure measurements.11

We performed continuous error grid analysis to classify 
measurement differences between blood pressure monitor-
ing methods according to their clinical importance.12,13 An 
error grid is a scatter plot with reference blood pressure mea-
surements on the x-axis and corresponding blood pressure 
measurements from the investigated method on the y-axis, 
and it contains five risk zones.12,13 Each blood pressure mea-
surement pair is classified into one of five different risk zones. 
Those risk zones describe the risk for patients resulting from 
therapeutic interventions that may be triggered by measure-
ment differences between the investigated method and the 
reference method and are classified as follows: risk zone A: 
no risk; risk zone B: low risk; risk zone C: moderate risk; risk 
zone D: significant risk; and risk zone E: dangerous risk.12,13 
The risk zone boundaries in the error grid result from a 
survey among 25 experts who were first asked to define five 
blood pressure ranges that would, according to the experts’ 
experience and judgment, need to result in the following 
therapeutic reactions: emergency treatment for low blood 
pressure necessary; treatment of low blood pressure appro-
priate; no intervention needed; treatment of high blood 
pressure appropriate; and emergency treatment for high 
blood pressure necessary.12,13 The experts then attributed 
risk levels to combinations of “blood pressure measurement 
with investigated method is in range i” and “reference blood 
pressure measurement is in range j,” considering patient risk 
that would result from measurement differences.12,13 The 
experts’ aggregated and weighted answers regarding the five 
risk levels resulted in the error grid risk zones.12,13 Details 
on how smoothing polygons were fitted to the boundar-
ies between the zones including coordinates of the result-
ing polygons and the aggregated risk scores are provided in 
our original paper.12,13 To better illustrate the different risk 
zones in the error grid, colors are used ranging from green 
(no risk) to red (dangerous risk).12,13 Patient risk resulting 
from measurement differences can thus be visually assessed 
from the color-coded continuous error grid and quantita-
tively analyzed by calculating absolute and relative numbers 
of measurement pairs within the risk zones.12,13

For statistical analysis, we used Excel (Version 1912; 
Microsoft, USA), R (Version 3.6.2.; The R Foundation for 
Statistical Computing, Vienna, Austria), and, for error grid 
analysis, MATLAB (The MathWorks Inc., USA).

No statistical power calculation was conducted before 
the study. The sample size was based on our previous expe-
rience with method comparison studies.

results
We enrolled 108 patients in this study. Eighteen patients 
dropped out for the following reasons: technical difficulties 
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with the insertion of the arterial catheter (n = 11); technical 
failures with blood pressure monitoring equipment during 
the procedure (n = 3); change of the surgical procedure 
(n = 1); patient’s withdrawal from participation (n = 1); 
discovery of missed exclusion criterion (n = 1); and case 
canceled (n = 1). Hence, we included 90 patients in the 
final analysis with a mean ± SD body mass index of 48 ± 
7 kg/m2. Patient characteristics are summarized in table 1. 
Of paired blood pressure measurements available for anal-
ysis, 538 were finger cuff, 443 were upper arm, 535 were 
forearm, and 111 were lower leg (Supplemental Digital 
Content 1, http://links.lww.com/ALN/C516). Cuff fail-
ure occurred in 8 upper arm, 1 forearm, and 11 lower leg 
blood pressure measurements. In some cases, there was no 
cuff large enough to fit the upper arm (6 patients) or the 
lower leg (24 patients), whereas this problem did not occur 
on the forearm. Details on missing values are provided in 
Supplemental Digital Content 2 (http://links.lww.com/
ALN/C517).

The distribution of finger cuff, upper arm, forearm, and 
lower leg blood pressure measurements and their relation 
to intraarterial blood pressure measurements are shown in 
Supplemental Digital Content 3 (http://links.lww.com/
ALN/C518).

Bland–Altman analysis revealed a mean of the differ-
ences (± SD, 95% limits of agreement) between finger 
cuff and intraarterial blood pressure measurements of −1 
mmHg (± 11 mmHg, −23 to 21 mmHg) for mean arterial 
pressure, of −7 mmHg (± 14 mmHg, −35 to 20 mmHg) for 
systolic blood pressure, and of 0 mmHg (± 11 mmHg, −22 
to 22 mmHg) for diastolic blood pressure (fig. 1A; table 2). 
Bland–Altman analyses for the comparison of upper arm, 
forearm, and lower leg blood pressure measurements with 
intraarterial blood pressure measurements are shown in fig-
ure 1, B through D, and table 2. For mean arterial pressure 

and diastolic blood pressure, the mean of the differences and 
SD between oscillometric (at each of the three measure-
ment sites) and intraarterial blood pressure measurements 
was higher than between finger cuff and intraarterial blood 
pressure measurements.

Four-quadrant plot analysis revealed a concordance rate 
between changes in finger cuff and in intraarterial blood 
pressure measurements of 88% for mean arterial pres-
sure, 85% for systolic blood pressure, and 81% for diastolic 
blood pressure (fig. 2; table 2). Four-quadrant plot analyses 
for upper arm and forearm blood pressure measurements 
in comparison with intraarterial blood pressure measure-
ments are shown in table  2 and Supplemental Digital 
Content 4 (http://links.lww.com/ALN/C519). For mean 
arterial pressure, the concordance rate between changes in 
oscillometric (at each of the three measurement sites) and 
intraarterial blood pressure measurements was lower than 
between changes in finger cuff and intraarterial blood pres-
sure measurements.

Error grid analysis for the comparison between finger 
cuff and intraarterial blood pressure measurements revealed 
that the proportions of measurement pairs in risk zones A 
to E were 77.1%, 21.6%, 0.9%, 0.4%, and 0.0%, respectively, 
for mean arterial pressure and 89.5%, 9.8%, 0.2%, 0.4%, and 
0.2%, respectively, for systolic blood pressure (fig. 3, A and 
B; table 3). Error grids analyses for upper arm, forearm, and 
lower leg blood pressure measurements in comparison with 
intraarterial blood pressure measurements are provided in 
table 3 and Supplemental Digital Content 5 (http://links.
lww.com/ALN/C520).

discussion
In this method comparison study, we compared intraarte-
rial with finger cuff blood pressure measurements and with 
upper arm, forearm, and lower leg blood pressure measure-
ments in obese patients during bariatric surgery across a 
wide range of blood pressure values. The absolute agree-
ment and the trending agreement of finger cuff blood pres-
sure measurements compared to intraarterial blood pressure 
measurements were only moderate. However, error grid 
analysis showed that about 99% of finger cuff blood pres-
sure measurements lay in risk zones A (“no risk”) and B 
(“low risk”). For mean arterial pressure and diastolic blood 
pressure, the absolute agreement and the trending agree-
ment between finger cuff and intraarterial blood pressure 
measurements were better than between oscillometric (at 
each of the three measurement sites) and intraarterial blood 
pressure measurements. Forearm blood pressure monitor-
ing performed better than upper arm and lower leg blood 
pressure monitoring with regard to absolute and trending 
agreement with intraarterial blood pressure monitoring.

Several previous studies compared ccNexfin/ClearSight 
blood pressure measurements with intraarterial reference 
blood pressure measurements using an arterial catheter in 
mixed patient populations not explicitly focusing on obese 

table 1. Patient Characteristics

Demographic and biometric data (n = 90 patients)  

 Age, yr 47 ± 13
 Male, n (%) 26 (29)
 Weight, kg 136 ± 27
 Height, cm 167 ± 10
 body mass index, kg/m2 48 ± 7
American Society of Anesthesiologists Physical Status class  
 II, n (%) 16 (18)
 III, n (%) 74 (82)
Extremity circumference  
 upper arm, cm 43 ± 5
 Forearm, cm 31 ± 3
 Lower leg, cm 49 ± 6
Type of bariatric surgery  
 Gastric bypass, n (%) 51 (57)
 Sleeve gastrectomy, n (%) 38 (42)
 Gastric banding, n (%) 1 (1)

Categorial variables are presented as absolute frequencies and percentages, con-
tinuous variables as mean ± SD.
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patients.14 Between these studies, there is substantial vari-
ability regarding the blood pressure measurement perfor-
mance of the finger cuff technology, with several studies 
demonstrating interchangeability between blood pressure 
values obtained by either method, but others showing poor 
agreement.14

However, data on the measurement performance of fin-
ger cuff technologies in severely obese patients are scarce. 
A study in 35 severely obese patients having bariatric sur-
gery showed that ClearSight blood pressure measurements 
showed good agreement with intraarterial blood pressure 
measurements for mean arterial pressure and diastolic blood 
pressure.15 In addition, trending capabilities of finger cuff 

blood pressure measurements were good, and more than 
99% of those measurements were in no- or low-risk zones 
in error grid analysis.15 In a very similar patient popula-
tion of 29 severely obese patients having bariatric surgery, 
blood pressure values measured using another commercially 
available finger cuff system (CNAP System; CNSystems 
Medizintechnik GmbH, Austria) showed moderate accu-
racy and precision but good trending capabilities when 
compared with intraarterial blood pressure measurements.16

In contrast to these two previous studies comparing 
exclusively finger cuff and intraarterial blood pressure mea-
surements, we also compared oscillometric with intraarte-
rial blood pressure measurements in the current study. The 

Fig. 1. bland–Altman plots showing the agreement between radial artery catheter–derived intraarterial blood pressure measurements and 
blood pressure measurements obtained using the finger cuff technology (A), upper arm oscillometry (B), forearm oscillometry (C), and lower 
leg oscillometry (D) for systolic blood pressure (red squares), diastolic blood pressure (blue triangles), and mean arterial pressure (black cir-
cles). The continuous horizontal lines represent the mean of the differences between the measurement methods, and the dashed horizontal 
lines represent the upper and lower 95% limits of agreement. The relationship between mean values and differences is shown by linear 
regression analyses (red line for systolic blood pressure, blue line for diastolic blood pressure, and black line for mean arterial pressure).
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agreement of upper arm, forearm, and lower leg blood pres-
sure measurements with intraarterial blood pressure mea-
surements was poor. This finding is in line with a study 
including 30 noncardiac surgery patients with a body mass 
index greater than 30 kg/m2 showing that neither upper arm 
nor forearm oscillometry was clinically acceptable in com-
parison with intraarterial blood pressure monitoring.17 The 

authors even used two different ways of wrapping the upper 
arm cuff: one following the conical shape of the upper arm 
found in many obese patients, the other keeping cuff edges 
parallel.17 A study comparing oscillometric blood pressure 
measurements with intraarterial blood pressure measure-
ments during 24,225 noncardiac surgeries demonstrated that 
oscillometry overestimates blood pressure during periods of 

table 2. results of Noninvasive (Finger Cuff and Oscillometry) versus Intraarterial (radial Artery Catheter) blood Pressure  
Measurements

 Pressure
Mean of the  

differences ± Sd (mmHg)
95% Limits of  

agreement (mmHg)
correlation  
coefficient

concordance  
rate

Finger cuff vs. intraarterial  
blood pressure measurements

Systolic blood pressure −7 ± 14 −35 to 20 0.78 0.85
Diastolic blood pressure  0 ± 11 −22 to 22 0.63 0.81
Mean arterial pressure −1 ± 11 −23 to 21 0.75 0.88

upper arm vs. intraarterial blood  
pressure measurements

Systolic blood pressure −7 ± 18 −43 to 29 0.60 0.75
Diastolic blood pressure −3 ± 15 −32 to 26 0.50 0.72
Mean arterial pressure −9 ± 15 −38 to 20 0.57 0.75

Forearm vs. intraarterial blood  
pressure measurements

Systolic blood pressure −4 ± 15 −33 to 26 0.71 0.78
Diastolic blood pressure 2 ± 12 −22 to 26 0.61 0.77
Mean arterial pressure −5 ± 13 −29 to 20 0.67 0.78

Lower leg vs. intraarterial blood  
pressure measurements

Systolic blood pressure 9 ± 22 −34 to 51 0.52 0.67
Diastolic blood pressure −5 ± 18 −39 to 29 0.43 0.68
Mean arterial pressure −8 ± 17 −41 to 25 0.56 0.69

Noninvasive (finger cuff technology using the ccNexfin system and upper arm, forearm, and lower leg oscillometry) and intraarterial blood pressure measurements. Comparison of the 
two methods with the bland–Altman method (mean of the differences ± SD, 95% limits of agreement), Pearson correlation coefficient, and concordance rate. 

Fig. 2. Four-quadrant plot with an exclusion zone of 5 mmHg showing the trending agreement between temporal changes of radial artery 
catheter-derived intraarterial blood pressure measurements and finger cuff blood pressure measurements obtained using the finger cuff 
technology for systolic blood pressure (red squares), diastolic blood pressure (blue triangles), and mean arterial pressure (black circles).
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intraoperative hypotension.18 Hence, oscillometry may be 
associated with an increased risk of postoperative compli-
cations because it underestimates the severity of intraopera-
tive hypotension. However, in our study, error grid analysis 
comparing upper arm, forearm, and lower leg blood pressure 
measurements with intraarterial blood pressure measure-
ments revealed that more than 90% of measurement pairs 
were in no- or low-risk zones for mean arterial pressure.

As a new and important finding in our study, we found 
that the absolute agreement and the trending agreement 
of forearm with intraarterial blood pressure measurements 
were better than the agreement of upper arm with intraar-
terial blood pressure measurements. Our findings in patients 
during surgery agree with results from obese postsurgical 
patients, leading to the suggestion of using the forearm for 
oscillometry in this population.7 While these findings fur-
ther justify consideration of the forearm for oscillometric 
blood pressure measurements as an appropriate alterna-
tive to the upper arm as a standard site, we believe fur-
ther prospective studies comparing forearm and upper arm 
oscillometry in obese surgical patients are needed before a 
general recommendation of which site oscillometry should 
be performed in obese patients can be made.

For mean arterial pressure and diastolic blood pres-
sure, the mean of the differences and its SD between fin-
ger cuff and intraarterial blood pressure measurements 
was lower, and the concordance was higher, than between 
oscillometric (at each of the three measurement sites) and 
intraarterial blood pressure measurements in the current 
study. Thus, for mean arterial pressure and diastolic blood 
pressure, the finger cuff technology was superior to oscil-
lometry with regard to the absolute agreement and the 
trending agreement with intraarterial blood pressure mon-
itoring. Additionally, the finger cuff technology—in con-
trast to oscillometry—enables continuous blood pressure 
monitoring. Therefore, the finger cuff technology may be 
a reasonable alternative to intermittent noninvasive oscil-
lometric blood pressure monitoring in obese patients 
undergoing invasive procedures that require anesthesia or 
sedation. A study in patients having elective general sur-
gery under general anesthesia showed that the agreement 
between finger cuff and intraarterial mean arterial pressure 
measurements was noninferior to the agreement of upper 
arm cuff oscillometry and intraarterial mean arterial pres-
sure measurements.19 Considering that the finger cuff tech-
nology provides continuous beat-to-beat blood pressure 

Fig. 3. Error grid analysis comparing radial artery catheter–derived intraarterial blood pressure measurements and finger cuff blood pres-
sure measurements obtained using the finger cuff technology for mean arterial pressure (A) and systolic blood pressure (B). The background 
colors correspond to the continuous risk level for each pair of measurement. The continuous risk level ranges from 0 to 100% as shown 
below.
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monitoring, it may be a promising alternative blood pres-
sure monitoring method in patients in whom oscillometry 
is currently being used as standard blood pressure monitor-
ing. In a nonobese general surgical population, continuous 
noninvasive blood pressure monitoring using a finger cuff 
technology reduced the amount of intraoperative hypoten-
sion compared to intermittent oscillometric blood pressure 
monitoring.20,21 Studies that link such findings to postoper-
ative outcomes for patients with severe obesity are yet to be 
conducted. Continuous blood pressure data from finger cuff 
monitoring may also be used to predict hypotension using 
machine learning.22,23

Considering cost is important when choosing methods 
for perioperative blood pressure monitoring. Expenses for 
blood pressure monitoring equipment, maintenance, and 
appropriately trained personnel vary substantially across 
different healthcare settings, between different countries, 
and nationally, even between different healthcare systems. 
Insertion of arterial catheters requires trained medical per-
sonnel and is more time-consuming than applying non-
invasive blood pressure monitoring using finger cuffs or 
oscillometry. Material costs for finger cuff blood pressure 
monitoring currently usually exceed costs for arterial cath-
eter sets or oscillometry. Our research question did not 
focus on a cost-effectiveness analysis for the different blood 
pressure monitoring methods. Future studies investigating 
which method should be used for perioperative blood pres-
sure monitoring should also compare personnel and mate-
rial costs of the different methods in light of their impact on 
postoperative complications.

Patients in our study reflect a typical bariatric surgical 
population, rather than obese patients across an extended 
age range, with possibly advanced cardiovascular comorbid 
conditions presenting for a broader range of general surgi-
cal procedures. Such a relatively selected study population 
may limit the generalizability of our findings. We decided to 
perform all upper extremity blood pressure measurements 
on the same arm to avoid confounding by interarm blood 
pressure differences. The existence and potential impact of a 
partial blood flow obstruction to the hand from the arterial 

catheter on finger cuff blood pressure measurements are 
unknown and remain undetermined in our study.

In conclusion, the agreement between finger cuff and 
intraarterial measurements was better than the agreement 
between oscillometric and intraarterial measurements for 
mean arterial pressure and diastolic blood pressure in obese 
patients during surgery. In these patients, forearm oscillom-
etry exhibits better measurement performance than upper 
arm or lower leg oscillometry.
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table 3. results of Error Grid Analysis

Measurement  
Location Pressure

risk Zone a 
% (n)

risk Zone B 
% (n)

risk Zone c 
% (n)

risk Zone d % 
(n [n])

risk Zone 
e % (n)

Finger cuff Systolic blood pressure 89.5 (481) 9.8 (53) 0.2 (1) 0.4 (2 [1]) 0.2 (1)
Mean arterial pressure 77.1 (415) 21.6 (116) 0.9 (5) 0.4 (2 [1]) 0.0 (0)

upper arm Systolic blood pressure 85.1 (377) 10.0 (44) 3.8 (17) 1.1 (5 [5]) 0.0 (0)
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Lower leg Systolic blood pressure 57.1 (63) 26.8 (30) 14.3 (16) 1.8 (2 [2]) 0.0 (0)
Mean arterial pressure 57.1 (64) 33.9 (38) 8.9 (10) 0.0 (0 [0]) 0.0 (0)

n, number of measurements pairs in the risk zone; N, number of patients contributing to the n pairs of measurements in the risk zone. Percentages may not sum up to 100 due to 
rounding.
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