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ABSTRACT To clarify the discrepancy between invasive (IBP) and noninvasive (NIBP) blood
pressure, we studied the appropriateness of various methods and compared them. All data were
collected in simulation studies and from routine clinical work. For IBP monitoring, pressure trans-
ducers (DTX or P50, Spectramed, USA) were used. NIBP was monitored in three ways; BP-308
(Colin, Japan) and Dynamap 8100 (Criticon, USA) for the oscillometric method, CBM-2000 (Colin,
Japan) for the tonometric method and Finapres (Ohmeda, USA) for the zero transmural pressure
method.

IBP: In our estimation, small invisible air bubbles in the catheter make for a sharp, not dull
pressure wave. This phenomenon is explained using frequency response curves. There was more
than a 10 mmHg difference in systolic pressures (aortic valve to bifurcation) and much greater
difference in distal pressures. With a vasodilating condition, the situation is more complex and it is
not so easy to get a true IBP. NIBP: Oscillometric pressure is little affected by peripheral vascular
conditions and reflects the central pressure well, however, it is not a continuous pressure monitor.
Continuous tonometry pressure was useful only when calibrated with oscillometric pressure. Zero
transmural pressure is also an easy continuous method and reveals distal arterial conditions well, but
is affected by finger cuff fitness.

In conclusion, there is no reliable method, neither IBP nor NIBP for continuous blood pressure
monitoring. However, we recommend the use of one of the continuous methods together with inter-
mittent oscillometric pressure. (Received December 8, 1989 and accepted January 6, 1990)
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1 INTRODUCTION

Automated noninvasive blood pressure (NIBP) monitoring is now very common in operating rooms
and intensive care units. Historically, compression cuff size of NIBP was adjusted by invasive blood

Table 1 Clinically used blood pressure monitoring methods. The un-
derlined methods weve discussed in this study.

NONINVASIVE BLOOD PRESSURE :

AUSCULTATORY METHOD
PALPATORY METHOD
FLUSH METHOD

OSCILLOMETRIC METHOD (BP-308, 8100)

DOPPLER METHOD

TONOMETRIC METHOD (CBM-2000)

ZERO TRANSMURAL PRESSURE METHOD (FINAPRES)
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pressure (IBP) values®. Even when using standard monitoring methods, we frequently experience a
discrepancy between NIBP and IBP. There are many reports dealing with the similarities between
them?~*, but no reports have analyzed the discrepancy, especially in the latest models.

We will discuss three aspects of this problem. First is the appropriateness of IBP. Even though
using standard blood pressure monitoring methods, pulse wave distortion can frequently be seen. There
are instrumental and physiological factors involved in this phenomenon. = Next are the characteristics of
NIBP. There are many NIBP monitoring methods (Table 1), of which, the latest three automated
methods (underlined in Table 1) were studied. Finally we compared NIBP to IBP. Radial arterial
pressure as a IBP method, and oscillometric pressure and zero transmural pressure as NIBP methods
were tested. Tonometric pressure was excluded from the comparison because we couldn’t get an origi-
nal pressure value without correction with oscillometric pressure.

2 METHODS

2. 1 Simulation study

The simulation study was carried out using a

pulse wave simulator (601A, Bio-tek, USA) and

function generator (FG-330, Iwatsu, Japan) like

Function

a Figure 1. The original and conducted pressure generator Sirmulator Amplifier  Recorder

waves were recorded simultaneously in each trace

without any electrical or mechanical correction. Fig. 1 Illustration of simulation study. No electri-
. cal nor mechanical pressure wave correction

2. 2 Clinical study was made under the 50Hz range.

Thirty-eight ASA 1-2 patients, 23 males and

15 females aged 24 to 81 (mean 47) years, who needed IBP monitoring during a wide variety operation,
were studied. For IBP monitoring, pressure transducers (DTX or P50, Spectramed, USA) were used.
Their frequency responses were checked and corrected by dumping devices. All patients were addition-
ally monitored by two or three NIBP measuring instruments, Dynamap 8100 (Criticon, USA) for oscil-
lometric method, Finapres (Ohmeda, USA) for zero transmural pressure method and CBM-2000 (Colin,
Japan) for tonometry method. All pressure outputs were recorded with a polygraph (Nihondenki San-
ei, Japan). Peripheral blood flow was measured by laser flow meter (ALF2100, Advance, Japan). All
data were collected during our routine work.

3 RESULTS

3. 1 APPROPRIATENESS OF INVASIVE BLOOD PRESSURE (IBP)
3. 1. 1 Instrumental factors
As shown in Figure 2, the most important factor for measurement was air bubbles, with catheter
length and diameter having minor effects on pulse wave distortion. “A” was air-free and air volume
was increased to that of “I”. Conducted waves are sharp and over 30 mmHg higher than original ones
by air bubbles.
3. 1. 2 Physiological factors
Aortic pressure waves were recorded in 10 patients at cardiac catheterization. Figure 3 is the
record of an average patient, a 50yr. female with minor mitral regurgitation. The difference in systolic
pressure between the aortic valve and bifurcation was +15mmHg, diastolic was -6 mmHg. Even in
aortic pressure there was a significant difference.
On the other hand, distal vascular condition and IBP were recorded in 19 operative patients under
general anesthesia. Figure 4 shows the effects of peripheral vascular condition on radial arterial pres-
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H  air in half of the dome eterization. Patient was 50yr. old with minor
I 7 air in the entire dome mitral regurgitation.

sure under general anesthesia. The left halfe was vasodilated by enflurane anesthesia and the right half
was vasoconstricted by dopamine. With wrist grip (increase peripheral vascular resistance), radial
pressure increased to oscillometric blood pressure on the left, but had no effect on the right. Similar
effects could be seen not only in the radial artery but also the more central brachial artery.

3. 2 CHARACTERISTICS OF NONINVASIVE BLOOD PRESSURE (NIBP)

Oscillometric pressure was not affected by peripheral vascular tonus, so it reflected the central pres-
sure well (Figure 4) but it couldn’t give, nor display, continuous pressure. For continuous noninvasive
blood pressure monitoring, Finapres and CBM-2000 are commercially available. The pressure of Fina-
pres, a zero transmural pressure method with finger cuff, was affected by finger cuff fitness, distal arte-
rial tonus and blood flow, but the records obtained with Finapres were well reflected by the peripheral
circulatory conditions (Figure 5). In CBM-2000, a tonometric method, the original tonometric pressure
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Fig. 4 The effects of peripheral vascular condition 0 B - *_ e et
on radial arterial pressure under general anes- Osscill . o
thesia. The left half was vasodilated by scillometric BP
enflurane anesthesia and the right half was
vasoconstricted by dopamine. With wrist 121/71 118/66

grip (increase peripheral vascular resistance), Fig. 5 Simultaneously traced pressure and flow
radial pressure increased to oscillometric waves under general anesthesia. Zero trans-
blood pressure on the left, but had no effect mural blood pressure was mostly affected by
on the right. peripheral circulatory conditions.
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Fig. 6 Output pressure waves from Finapres and CBM-2000 at the starting phase. Self-calibra-
tion was done in Finapres, but CBM-2000 needed correction by oscillometric pressure.
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Fig. 7 Comparison of radial arterial pressure, zero transmural blood pressure and oscillometric
blood pressure. There was a significant difference (p<<.001) between the two groups in
systolic blood pressures, but not in diastolic.
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value was not so reliable. However, it is clinically useful with intermittent self correction with oscil-
lometric pressure (Figure 6).
3. 3 COMPARISON OF NIBP AND IBP

As shown in Figure 7, high systoric pressure was significantly underestimated and low systolic pres-
sure was overestimated in oscillometric pressure compared with the radial arterial pressures (Y=.238X-
22.1, r=.86). On the contrary, zero transmural pressure had the reverse tendency (Y=-—.270X+31.3,
r=.81). The difference between the two groups was significant (p<.001). Measurements for diastolic

pressure were not so different.

4 DISCUSSION

4.1 APPROPRIATENESS OF INVASIVE BLOOD PRESSURE
4. 1. 1 Instrumental factors
There is much misunderstanding about the steep pressure wave phenomenon. Why do air bubbles
make a wave sharpen, not dull? The answer is in Figure 8. There are the frequency response curves
through the catheter and domes. With an air-free normal condition, the curve is almost flat in the
range of pressure wave frequency, usually under 20Hz. However, small air bubbles decrease not only
the peak gain amplitude, but also its frequency, and finally the peak of this curve comes into the range
shown by crosshatched area. This is the reason for high conducted pressure waves by air bubbles.
There is no peak with large air bubbles, as only they decrease the wave height.
4. 1. 2 Physiological factors
Under normal or vasoconstricted conditions, the distal arterial pressure is higher than the central.
On the other hand, vasodilation will make the distal arterial pressure lower than the central. From
these results we would like to propose the next schema (Figure 9)®. What is true IBP? Aortic pres-
sure just past the aortic valve is most reliable, but clinically it is very difficult to get. How do we get
central pressure values near the aortic or large arteries? From our data and Pauca et al” it is possible
to estimate the central pressure from IBP with distal artery occlusion like wrist grip.
4. 2 CHARACTERISTICS OF NONINVASIVE BLOOD PRESSURE (NIBP)
Oscillometric pressure is occlusive pressure principally and supposed to be influenced mainly by cen-

NORMAL.

— Vasoconstriction
--=- Vasodilation
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Fig. 9 Proposed schema of arterial pressure under

Fig. 8 Frequency response curves through catheter two conditions. Following peripheral
and domes. Range of pressure wave fre- vasodilation, distal arterial pressure will close
quency is usually 0-20Hz. This schema to the capillary pressure. So the distal arte-
shows how air bubbles make the wave steep rial pressure, like the radial pressure, will be

rather than rounded. lower than the central arterial pressure.
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tral pressure. Clinically it reveals the most reliable pressure values, but is not continuous. Another
two methods can trace the waves continuously in displays but their values are less reliable than oscil-
lometric, so they need to be supplemented by a trustworthy method like oscillometric pressure.
4. 3 COMPARISON OF NIBP AND IBP

Oscillometric pressure reflects more of the central pressure like aortic pressure. On the other hand,
zero transmural pressure reflects distal finger pressure more. IBP of the radial artery has a tendency,
as shown in Figure 9, that vasoconstriction and vasodilation correspond to high and low blood pressure.
From these facts we found that oscillometric pressure reflect for the pressure of the aorta or large
arteries, radial artery pressure the large or small arteries, and zero transmural pressure the pressure of

the small arteries or arterioles.
5 CONCLUSIONS

For continuous blood pressure monitoring, there is no reliable method, neither IBP nor NIBP.
However, we recommend the use of one of the continuous methods together with intermittent oscil-
lometric pressure.
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