) etul3] 7}8k3] #] 2007; 53: 759~66
Korean J Anesthesiol Vol. 53, No. 6, December, 2007

>
i
re
iy
O

oradi =
=3 =

=28

B BRI

ZO|2t ALGAIZHO

= XIAZIGEQL ZAISY Hot

Aol olghel niA s Fel o,

SR

(=)
- HES2 -

A RS BAN
ot2IA| - 0|k

The Changes of Natural Frequency and Damping Coefficient of Disposable Pressure Transducer according to

the Catheter Length and Time Assigned

Kyoung Ji Lim, M.D., Donguk Kim, Ph.D.*, Wonsik Ahn, M.D., and Nan-Ju Lee, M.D.

Department of Anesthesiology and Pain Medicine,
Sungkyunkwan University, Seoul, Korea

Seoul National University College of Medicine;

*Department of Statistics,

Background: The accuracy of a disposable blood pressure transducer (DBPT) is determined by its physical properties: natural

frequency (NF) and damping coefficient (DC).

We planned this study to investigate whether the NF and DC of a DBPT are

altered by attaching extended catheters and evaluated changes of these physical properties over time.

Methods:

Fifteen DBPT sets were connected to a monitor and recorder set.

These sets were divided into three groups; five

sets had catheters of normal length (Group 1), five sets had 50 cm extended catheters (Group 2), and five sets had 100 cm extended

catheters (Group 3).

The NF and DC of each system were measured using the fast flush (FF) test.

After the DBPT sets were

installed, the FF test was performed for each group at five time intervals: 4, 24, 48, 72, and 96 hours.

Results:

The NF of Groups 2 and 3 decreased and their DC increased compared to those of Group 1.

of Group 3 increased over time, those of Groups 1 and 2 did not.

unchanged over time for Group 1.
but not the DC, increased for all groups.

Conclusions:
DBPTs for long periods of time without FFs.

Whereas the NF

The DC of Groups 2 and 3 decreased over time, but remained
When the FF test was done at intervals longer than 24 hours, it was found that the NF,

Attention should be paid to interpret blood pressure using DBPTs measured by extended catheters and using
(Korean J Anesthesiol 2007; 53: 759 ~ 66)

Key Words: blood pressure, damping coefficient, natural frequency, pressure transducers.
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Fig. 1. Photograph of study setting showing 15 sets of pressure mon-
itoring assembly. All sets have 300 mmHg, which is maintained by
electric powered devices (Auto PCTM). Five of them (group 1) are
original pressure transducer kits. Another five of them (group 2) are
connected 50 cm pressure tubing lines. The other five of them (group
3) are connected 100 cm pressure tubing lines. The air in the tubing
is cautiously removed. The tubes are adequately attached to the cart
to prevent air intrusion. The pressure transducers are located at the
slight below level of the insertion height of the normal saline.
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Fig. 2. Schematic presentation of data
acquisition method. Pressure monitor-
ing assembly is connected to a patient
monitor (Solar 8000M™). The dis-
played signal is transferred to an ana-
log/digital converter via an analog out-
put in the monitor. Five hundred Hertz
digitized signal (12-bit resolution) is
transferred to a personal computer and
recorded by a software program.

HES

24 A A3 A8 15F W A5G AE I
#oto] Zhzhe] A3} Zolo|A NE, DCE Ftgit}l. Zo]
¢ AZkdi NFek DC gke 57k vlae WHEEA 24
4 23} Duncan®| thEH|ZE AEsticl oA 2
o] &zt A7k Ao {94 FHAole Wilks' Lambda &7l
< A&l 155 vbE 2kg Helel Aol a3, Az
o] ETF vlaE $JlA = SAS 9.1 (SAS Korea, AE)

ol &3te] TA B4 ZEas AAsle] A
s 355 F3l7] 913 power analysise AllE 25 0.05,
Y 80% % 71Fo 2 AXtete] 1557} gk}

of

¢

N L tlo o ol

My

ot
ubE ZAshd A, A5 AR A4
Mol ABGEYA 14, 54, 424 94, 14]
MNA)7E AZX]7} =9k olof] QAT FAellA]
Bieta 2A4E A S
%7 A7 ZAolo wuAE

% 15% %<

g

X fo

Hode of b Hu

£



ek 34ek8] 2] - Al 53 Al 6 & 2007

Table 1. Data Collection Sheet

15 - () week ( Mon___ Day___ —Mon___ Day___)

Category Mon Tue Wed Thu Fri

1 0)*

2 (0)

30

40

5 (0)

6 (50)

7 (50)

8 (50)

9 (50)

10 (50)

11 (100)

12 (100)

13 (100)

14 (100)

15 (100)

Group 1 consists of categories 1 to 5. They have original transducers. Group 2 consists of categories 6 to 10, which have a 50 cm ex-
tended pressure lines. Group 3 consists of categories 11 to 15, which have a 100 cm extended pressure lines. White boxes mean that natu-
ral frequency (NF) and damping coefficient (DC) are measured at the time. Black boxes mean that no NF or DC is measured at the time.
NF and DC are measured at three times (9, 13, 17 o’clock) in a day from Monday to Tuesday. They are measured at 9 o’clock on
Friday. *Extended length in parenthesis.
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Zo|¥ o] Z HiedslE= group 7+ o= AA ZolE 7]
Fo® 50 cm, 100 cm® NF7/} &% Zgch® < 0.05).
Group 13} 22] NF&= A|zto| ZAalslol®= Aol dAsA &
A= o}, group 39 NF= A 1-2%el= group 19] NF
Rl 2ty 4596 group 12t ¥ ZohP < 0.05).
Group 19 NF9] 5¥U7t H{3t EFHAET 7.67 £ 2.08,
group 28] NFE 6.35 + 1.29, group 32 NF+= 7.14 + 2.479]
AUrhFig. 4A). Zo|7t F7igtell wel DCe B Zold
DC Xt} AP < 0.05). Group 18] DCO HFI ZF

HxFE 022 + 0.03, group 2, 39] DCO AFI} ZTFHAAE

Peak to peak distance

A1

\4 A2 v

Fig. 3. The method for obtaining damping coefficient and natural
frequency using the fast flush test.

DF (Hz) = (speed, sample/sec) / (peak to peak distance, sample)
DR = A2/Al

DC = [~In@R)] / [z* + {In(DR)}*"

NF (Hz) = DF / (1 — DC})"”

DF: damped frequency, DR: damping ratio, DC: damping coefficient,
In: natural logarithm, NF: natural frequency. (Adopted and modified
from reference number 5 with permission)’

A
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11 ---- Group 2
---------- Group 3
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& 91
£
L 87
z
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6_
5_
1 2 3 4 5
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025 + 00322 345Ut Group 15 group 2, 304
DC7} AA= 73S 96AZHA A 7ko| Zabsl= 53t Hl
Z8HA] A5 A ch(Fig. 4B).

g A7E 7 Ttell wmE 5AX] 9] XolE A KW, group
1ollA = Ex7t Zakgdell whel 48, 72, 96A17F AR &
Ae NF7} Z7bFQ P < 0.05), group 20141= =4 A7+
HA 3 A3 glo]l 2 Aol7l $lem, group 39 NFollA &=
FA AT A3 glo] EF F7IAtHP < 0.05)(Fig 4A,
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= ¥ w3} glgl ek(Fig. 4B), group 2, 33} group 10114 24

7+ o} HAE 73 ZA% 759 DCAAE A & FA
st A vlaste] ko] Aagtel whEl FA7kol
2819 ekP < 0.05)(Fig. 4B, SE—H).

=4 AW AolZ% group 1914 441t} 96417 &
ot ZA% NP} DCY| Hy# EFHAE 47 7.67 + 208
3} 022 + 0.03°]Y3L(Fig. 4), 24, 48, 72, 96X 7tulc} 243k
NFe] A|Zbof w3} Fvt 54X 47 950 + 2.67,
9.86 + 2.44, 9.34 + 2.62, 9.50 + 2.360]9.1, DC] A7+
Wt FFS 77k 021 + 0.03, 021 + 0.03, 022 + 0.03,
021 + 0.020]%th(Fig. 5). 417k A& 31Tl 38 =4
3 I g2 $£HE Bl AL 24, 48, 72, 96417HS] NFS)
TP < 005), 24, 48, 72, 96A17+S] DCE Hol7t §lich.
Group 20114 4A17kutel 96A17F 59 &3k NFe} DCO] ¥
T3 FFEARE 47 635 = 1299 025 + 0030193,
group 2014 24, 48, 72, 96A17tult} =43 NF, DC A|7HH
W owgle] HFe 27 658 + 117, 025 + 0.03, 673 +

LR

126, 025 + 0.04, 6.62 £ 1.06, 025 = 0.03, 655 + 1.8,
B
—— Group 1
---- Group 2
%307 L e Group 3
N
% \\\']u.‘i_ ............... ,
R R e
Q ' ‘i'+ _______________ |-k
° M
0.20
1 2 3 4 5

Days

Fig. 4. Trend of (A) natural frequency (NF) and (B) damping coefficient (DC) of variable length pressure transducer in 4 hour interval checking
(mean * 0.1SD). NF decreases as length increases. In contrast, DC increases as length increases. NF of 100 cm extended transducer increases
according to the duration. The SD bars represent 10% of the original value to depict clearly. *: NF, DC are different from the original length
characteristic (P < 0.05) T. different from the earlier day NF (P < 0.05).
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Fig. 5. Trend of (A—D) natural frequency (NF) and (E—H) damping coefficient (DC) of variable length pressure transducer in (A, E) 24, (B,
F) 48, (C, G) 72, and (D, H) 96 hour interval checking (mean = 0.1SD). NFs of normal length transducer (group 1) in 48, 72, 96 hour interval
checking group are different from the other day measurement (B—D) (P < 0.05). NF of 50 cm extended transducer (group 2) has the same
value as the NF of the first day (A—D). NF of 100 cm extended transducer (group 3) increases according to the duration (A—D) (P < 0.05).
The first day DC is different from the other day DC in groups 1, 2, and 3 (P < 0.05) except DC of group 2 in 48 and 72 hour interval checking
(E—H). Compare with the consistency of DC in group 1 in 4 hour checking group in Fig 4B. The SD bars represent 10% of the original value
to depict clearly. *: increasing tendency compared to the previous day measurement (P < 0.05), T. different from the other day measurement
P < 0.05).
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Fig. 5. Continued.
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