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Agreement Evaluatlon between Noninvasive Oscillometric Blood Pressure Measured by the Tram 800SL Module
of Solar 8000M® with Invasive Arterial Blood Pressure Measured by the AMK 250 AutoTransducer® during
General Anesthesia

Kwan Sik Park, M.D., Sang Kee Min, M.D., Sook Young Lee, M.D., Jin Soo Kim, M.D., Jong Yeop Kim, M.D., Sung Yong Park,
M.D., and Young Pyo Son, M.D.
Department of Anesthesiology and Pain Medicine, Ajou University School of Medicine, Suwon, Korea

Background: Blood pressure (BP) varies considerably during general anesthesia. Accurate BP measurement is critical for
appropriate treatment, especially during hypotension and hypertension. Here we evaluated whether the noninvasive oscillometric
BP measurement technique accurately reflects BP measured by the direct intraarterial technique.

Methods: A total of 256 samples were extracted from 10 patients operated on under general anesthesia. Systolic, diastolic
and mean BP were analyzed according to the level of BP; hypotension, normotension, and hypertension. Repeatability of the
noninvasive BP measurement were analyzed with repeatability coefficients and percent errors. Agreement between the two BP
measurements were analyzed with a Bland-Altman and Modified Bland-Altman analysis.

Results: The repeatability coefficient for mean BP of the noninvasive oscillometric BP measurement was 6.34. Percent errors
of mean BP were smaller than those of systolic and diastolic BP. All biases were less than 5 mmHg at all BP levels. Most
BP agreements were larger than 8 mmHg except all-range mean BP (7.7), hypotensive diastolic BP (6.7), and mean BP (6.2).
During hypotension, only mean BP was within the 95% of confidence interval (CI) of bias and limit of agreement. During
hypertension, only systolic BP could meet the criteria.

Conclusions: Only mean BP during hypotension and systolic BP during hypertension accurately reflect the direct intraarterial
BP. But, diastolic BP does not reflect the direct intraarterial BP over all BPs. (Korean J Anesthesiol 2008; 54: 493~ 500)

Key Words: accuracy, agreement, bias, measurement, precision, repeatability.
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Table 1. Demographic Data

Sex M : F) 6:4

Age (yrs) 36.1 + 14.8
Height (cm) 1702 £ 6.9
Weight (kg) 66.4 + 7.8
ASA PS class (1 :2) 3:7

BMI (kg/cm®) 28 + 1.8
UAC (cm) 307 £ 1.3

Values are mean = SD. ASA: American Society of Anesthesiology,
PS: physical status, BMI: body mass index, UAC: upper arm
circumference.
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Table 2. Clinical Data

Operation duration (min) 205 + 44
Operation name
Hemicolectomy 4
SSRO 4
LAR 2
Dynamic response index
Natural frequency (Hz) 21.46 = 0.86
Damping coefficient (1) 0.23 + 0.02
Baseline value
Hemodynamic variables (IBP)
SBP (mmHg) 117.8 + 21.6
DBP (mmHg) 61.8 + 11.4
MBP (mmHg) 819 + 15.7
HR (bpm) 80.4 + 16.2
CVP (mmHg) 75 +29
Respiratory mechanics
Peak pressure (mmHg) 189 + 3.8
Plateou pressure (mmHg) 132 £ 1.8
PEEP (mmHg) 23+ 15
Dynamic compliance (L/cm H,O) 535 99
MV (L/min) 6.0 = 1.1
TV (L/min) 0.56 + 0.07
RR (bpm) 10.8 £ 1.2

Values are mean + SD. SSRO: sagittal split ramus osteotomy,
LAR: lower anterior resection, IBP: invasive blood pressure, SBP:
systolic blood pressure, DBP: diastolic blood pressure, MBP: mean
blood pressure, HR: heart rate, CVP: central venous pressure,
PEEP: positive end expiratory pressure, MV: minute volume, TV:
tidal volume, RR: respiratory rate.

Table 3. Repeatability Coefficient and Percent Error

Repeatability coefficient 6.34
Percent error (%) SBP DBP MBP
< 10 175 (68.4) 150 (58.6) 207 (80.9)
10—20 64 (25.0) 98 (38.3) 47 (18.4)
20 < 17 (6.6) 8 3.1 2 (0.8)

Values are repeatability coefficient and number of samples of non-
invasive oscillometric blood pressure (NBP). The value in the brackets
is a percentage. Percent errors are percentage difference less than 10,
10—20, and more than 20 from the average value of each blood pres-
sure (BP). SBP: systolic BP, DBP: diastolic BP, MBP: mean BP.
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Table 4. Agreement Evaluation

LOA SE 95% CI
Bias Variability No Df t
Lower  Upper Bias LOA Bias LOA-lower LOA-upper
Total
SBP —0.16  1091* —2198 2166 256 068 1.18 255 196 —150 1.18 —2430 —19.67 1935 2398
DBP —3.84  10.11* —24.06* 1638 256 063 1.09 255 196 —508* —2.60 —2621* —21.92* 1424 1853
MBP —3.04 7.66 —1836 1228 256 048 0.83 255 196 —398 —210 —1999 —1674 1066 1391
Level of BP

SBP (mmHg)

< 90 —0.58 10.78* —22.13 2098 19 247 429 18 210 —577* 462 —31.13* —13.14 1198 2997

90—140 —0.07 10.98* —22.03 2190 200 078 135 199 196 —159 146 —2467 —1940 1927 2454

140 < —043  1091* —2224 21.38 37 179 311 36 203 —4.07 320 —2854 —1595 1508 27.68
DBP (mmHg)

< 50 —4.48 6.68 —17.84 888 23 139 241 22 207 —737% —159 —2284* —12.83 388 13.89

50—90 —4.01 10.33* —24.66* 1665 224 069 120 223 196 —536* —2.65 —27.00% —22.32* 1431 1899

90 < 1.78 11.29% —20.80* 24.36* 9 376 652 8 231 —690* 1046* —3583* —577 933 39.39*
MBP (mmHg)

< 70 —2.40 6.24 —14.87 10.07 45 093 161 44 202 —428 —052 —1812 —11.62 682 1332

70—100 —4.20 7.49 —19.18 1078 172 057 099 171 196 —531* —3.08 —21.12 —1724 884 1272

100 < 1.31 8.36* —1542 18.04 39 134 232 38 202 —140 402 —2012 —10.73 1334 22.73*

SBP: systolic blood pressure (BP), DBP: diastolic BP, MBP: mean BP, Bias: mean (m) of difference (d) between noninvasive oscillometric and in-
vasive direct arterial BP, variability: SD of d, LOA: limit of agreement, No: number of sample, SE: standard error of m, Df: degree of freedom, t:
t-score of t-distribution, CI: confidence interval. Accuracy criteria is determined by 95% CI of bias and LOA whether they are within 25% of nor-
mal each BP; 30 (SBP), 20 (DBP), and 22.5 (MBP), respectively. *indicate out of criteria.
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