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Abstract. Pulse transit time (PTT) is the time of a pulse wave traveling between two arterial sites. It may
offer immediately beat-to-beat vascular information. The aim of our study was to monitor pharmacologically
vascular variation affected by thiopental by PTT. Methods:10 healthy women, aged 25-56ys, undergoing
gynecological surgery under general anesthesia were collected. Anaesthesia was induced by thiopental
(5mg/kg). PTT measurements were obtained from R wave of electrocardiogram and pulse wave of
photoplethysmograph. PTT of each subject before and after thiopental given were analyzed by student's t-test.
Results: After thiopental given, PTT of each subject showed increased. Baseline and increase value of PTT of
each patient were significantly different (P<0.001, by student t-test). The time course of change was clearly
visualized in PTT. PTT successfully revealed not only the magnitude but also the course of change about
vessels by thiopental. In addition, the onset time, peak time and duration in aspect of vascular side effect
seem to be revealed. This tool may be as pharmacology parameter to monitor the vascular side effects of
other drugs or even to monitor the power of vasoactive drugs.
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1. Introduction
Clinically, thiopental-the anesthetic induction agent- results in unavoidable vasodilatation, especially leading to
lethal problems (hypotension) in critical patients because of excess or intolerable vasodilatation(1-3). Several methods
have been used to measure the changes of vessels.
The thermodilution measured by pulmonary artery catheter is the most accurate method to assess vascular variation,
however, it is an invasive way (4-8). Some noninvasive way (Doppler ultrasound) or invasive way (intravascular
ultrasound) could evaluate the variation of vessels, but the inconvenience limits the uses due to the needs of experts and
the results only represent the regional changes of the measured site (9-14).
Pulse transit time (PTT) is the time of arterial pulse wave transmitted between two arterial sites (15-16). In the past,
PTT was used to evaluate the vascular changes. Vasoconstriction shortens the PTT, while vasodilatation increases the
PTT (17-20). PTT offers beat-to-beat vascular information. Each arterial pulse wave begins with each contraction of
the heart, and ends by the pulse wave travels to the terminal branches of arteries (15-16). The initial time can be
obtained easily by the R wave of electrocardiogram. The terminal time can be taken by the wave of pulse
photoplethysmograph on the finger. The difference of these two time point is PTT. PTT measured by R wave and
photoplethysmograph has been used for several studies, including obstructive sleep apnea, autonomic failure, as well as
vascular reactivity (19).
PTT obtained from electrocardiogram and pulse photoplethysmograph offers the convenience because these two
equipments are the mandatory during any kinds of anesthesia. The goal of this study was to assess its value for
observing the variation.

2. Materials and Methods
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Studies were approved by the local ethics committee. The written consent was obtained from 10 healthy women
without any drug history, aged 25-56ys, and undergoing gynecological surgery under general anesthesia. All these
patients were induced by thiopental (5mg/kg) which is the world widely used anesthetic induction agent. Because
several drugs were given following the induction in the entire anesthesia course, we only recorded PTT before next
drugs given.
The electrocardiogram was detected using a standard three-lead configuration (Lead II), with the signal sampled at
300 Hz. The pulse photoplethysmograph was placed on right index finger. PTT was detected between R-wave peak and
the initial upstroke point of the pulse wave. (Figure 1)
Due to observing pharmacological characters on vessels, PTT data of each subject were divided to two parts. First
part was the time before thiopental injection and it represented baseline value. Second part represented the time since
thiopental injection. All values were calculated as means ± SD and compared among subjects. The changes of PTT of
each subject were analysis by student’s t-test.

3. Results
All subjects were healthy. Average height and weight were 158.2 cm (SD=3.87) and 51.3 kg (SD=8.25),
respectively. Preoperative electrocardiograms were normal in all subjects. PTT was recorded in each heart beat of every
subject.
During the induction course of anesthesia, PTT in different period illustrated similar changes among all subjects.
(Figure 2) This figure revealed that PTT gradually increased after thiopental given, and followed by the plateau. Mean
baseline PTT of was 270.9 ms (SD=18.3). 36.82 sec (SD=4.05) after thiopental given to patient, PTT began to increase.
The time course of increase of PTT could be revealed in all subjects. The mean interval was 41.12 sec (SD=13.14). The
plateau of PTT was 344.82 ms (SD=28.32). Baseline and plateau of each patient were significantly different (P<0.0001,
by student t-test). (Table I)
Table I.
Subject

Mean
baseline
PTT (ms)

Mean PTT before and after thiopental given of each subject.
Time of PTT starting to Time of PTT from initial Mean
Changes
increase after thiopental increased time point to
plateau PTT in PTT
(sec) – onset time
plateau(sec)
(ms)
(ms)

mean

270.9

36.82

41.12

344.82

71.17

SD

18.3

4.05

13.14

28.32

34.7

4. Discussion
Moens-Korteweg’s equation defines pulse wave velocity (PWV) in terms of the incremental Young’s modulus of
the arterial wall (21):
PWV=√(Eh/ρD)
equation 1.
Where E is the incremental Young’s modulus, h is the thickness of the arterial wall and D is the diameter of the
artery.
Documented evidences suggest that PTT which is inversely correlated to PWV (15, 20-21). In certain distance,
pulse wave velocity determinates pulse wave transit time. Vasodilatation correlates with the changes of wall thickness
or diameter of the artery. Hence, vasodilatation could change PTT.
Among all these 10 patients, the onset time of the vascular change by thiopental could be assessed clearly and
immediately. It gave us the important information about the precise time that thiopental began to affect vessels.
Another interesting finding from this study was PTT could give us the time course that thiopental changed the
vessels from initial increased time point to peak. This method is noninvasive and easy. In addition, it seems to be
capable of observing the onset time, peak time and duration of vascular pharmacology, however, it needs future works
to establish the relationship.
The plateau of PTT of each subject was statistical significant differences (P<0.0001) to baseline of PTT. The
magnitude of variation was from 35.1 ms to 148.8 ms, and mean was 75.32 (SD=33.7) ms. In previous study, it
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illustrated 28.2 (SD=20.4) ms. The different results between the previous study and our study may due to that they
measured the total effect of three drugs, and we used only thiopental. The magnitude of change may represent the power
that thiopental affected vessel in each patient, however, the magnitude needs more study to quantify. The period of
plateau might offer useful information that how long thiopental would affect the vessels. The magnitude of variation of
Subject 10 was 148.8 ms. The phenomenon needs further study to research. PTT successfully revealed not only the
magnitude but also the course of change by the vasoactive agent – thiopental. In addition, the onset time, peak time and
duration in aspect of vascular effect seem to be evaluated.

5. Conclusion
The application of this simple physiologic measure may be able to assess the pharmacologic conditions of
vasodilator drugs. The simple, non-invasive and beat-to beat measuring nature of PTT technique may then be
considered as a possible surrogate of evaluating vascular change on pharmacology or pathology. In addition,
electrocardiography and photoplethysmograph are mandatory equipments in any kinds of anesthesia and every intensive
care unit. Both vasoconstrictor and vasodilator drugs are used commonly, especially in critical patient. Further studies
are required to assess by this method.
Figures
Figure1. PTT was detected between R-wave peak and the initial upstroke point of the pulse wave.
ECG=electrocardiogram, PPG=photoplethysmograph.
Figure 1

Figure2. The beat-to beat PTT of subject (1,5) showing the thiopental resulted in the similar picture. After thiopental
given (arrow), PTT increased gradually and the trend could be seen. Plateau was also observed.
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