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ABSTRAa.  The plethysmo time interval (PTI) is the 
time interval between the beginning of QRS complex on 
ECG and the upstroke of the pulse wave on the plethys- 
mogram as measured by a pulse oximeter. We examined 
whether measuring the PTI has clinical value for evaluating 
neonatal peripheral circulation. We correlated PTI values 
and measured, from the hand and foot, height and body 
weight of 14 neonates. PTI was strongly correlated with 
height (R2 = 0.85) and body weight (RZ = 0.78). Height 
was especially highly correlated, because PTI is principally 
affected by the distance from the heart to the measured 
site. We also measured PTI on three clinical cases (patent 
ductus arteriosus, hypovolemia, and persistent pulmonary 
hypertension of the newborn). PTI was shortened in cases 
of peripheral circulatory impairments, because pulse wave 
velocities increased due to the contraction of arterioles. We 
conclude that the PTI can evaluate the peripheral circula- 
tory status of the neonate by applying a new principle of 
pulse oximeter that is widely used in neonatal intensive 
care units. (Pediatr Res 33: 653-657, 1993) 

Abbreviations 

PTI, plethysmo time interval 
PDA, patent ductus arteriosus 
PPHN, persistent pulmonary hypertension of the newborn 
EMI. electric mechanical interval 

In current neonatal intensive care units, very tiny infants who 
have very fragile skin are covered with many monitoring devices. 
We are attempting to minimize the number of monitors by 
expanding functions of the most commonly used monitoring 
device, the pulse oximeter, to detect changes of peripheral cir- 
culation on the neonate. This effort is v rom~ted  bv our belief 
that changes in peripheral circulation are-an exireme& important 
sign of first manifestation of deterioration of the neonate. 

If we could evaluate peripheral circulation objectively, we 
could manage many diseases at an earlier stage than current 
devices could detect. Currently, however, no devices are available 
to monitor peripheral circulation of the neonate noninvasively 
and continuously. 

The plethysmography of the pulse oximeter expresses changes 
in arteriolar blood volume (1,  2). Moreover, the pulse wave 
velocity increases concurrently with reflex contraction of arteri- 
oles (3). Therefore, we examined whether the PTI, the pulse 
wave conduction time, has clinical value for evaluating the 
neonatal peripheral circulation. 

with height and body weight, of neonates. Fourteen neonates, 
born at 23 to 39 wk of gestation, and weighing 523 to 2925 g at 
birth, were enrolled into the study. PTI are measured in a stable 
state (mean, d 20). Postconceptional ages at the time of meas- 
urement were 25 to 39 wk. 

Study 2: clinical cases. We examined whether change in PTI 
have clinical relevance by evaluating peripheral circulation on 
several clinical cases. 

We measured PTI on three clinical cases (PDA, hypovolemia, 
and PPHN) before and after clinical improvement. 

Method. By using a pulse oximeter (Nellcor N-200) and an 
electrocardiogram monitor, ECG and pulse wave plethysmogram 
were recorded synchronously by a MacLab system (ADI, Ltd., 
Castle Hill, Australia). The PTI was measured on a composite 
graph of ECG and the plethysmogram from the pulse oximeter 
as shown in Figure 1. PTI was assessed as the time interval 
between the beginning of QRS complex on ECG and the up- 
stroke of pulse wave on plethysmogram from the pulse oximeter. 
The time constant, which represents minimal electronic delay in 
the processing of stored data to display pulse wave form, was in 
a range of 30 5 10 ms. 

Differences of means were tested for statistical significance 
with unpaired t tests. Statistical significance was set at a p value 
less than 0.05. 

RESULTS 

Study 1. Figure 2 shows the correlations of upper- and lower- 
limb PTI with height at the time of measurement (r = 0.85 and 
0.79, respectively). Figure 3 shows the correlations of upper- and 
lower-limb PTI with body weight at the time of measurement. 
The correlations of PTI with body weight were lower than those 
of height. 

Although the number of cases we studied was limited, the PTI 
were highly reproducible. Moreover, PTI were highly correlated 
with height and body weight of neonates. Correlations between 
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MATERIALS AND METHODS 

Fig. 1. The PTI is defined as the time interval between the beginning 
Study 1: relation between PTI and height and body weight. We of the QRS complex on the ECG and the upstroke of the pulse wave on 

evaluated the correlation of PTI, measured from hands and feet the plethysmogram. 
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height (cm) 

Fig. 2. The correlation of upper-limb ( 0 )  and lower-limb PTI (0) with height. 

body weight (g) 
Fig. 3. The correlation of upper-limb ( 0 )  and lower-limb PTI (0) with body weight. 

PTI and height were especially high, because PTI is mainly 
affected by the distance from the heart to the measured site. 

Study 2. Case 1: PDA. Figure 4 shows the change of PTI on a 
case of PDA. We compared PTI changes before and after using 
an antiprostaglandin synthetic drug to close PDA. The PTI for 
lower- and upper-limb measurement were 168 and 135 ms, 
respectively, at 15 d of age under stable conditions without PDA. 
However, when PDA became symptomatic, PTI values were 
shorter than those on normal conditions. PTI became prolonged 
along with the clinical improvement after administration of an 

antiprostaglandin drug to close PDA pharmacologically. No 
significant blood pressure change was observed during the study. 

Case 2: hypovolemia. Figure 5 illustrates PTI changes during 
hypovolemic status of a neonate who was treated by blood 
exchange transfusion because of Rh incompatibility. During the 
procedure, excess blood was accidentally withdrawn, which re- 
sulted in a hypovolemic status on the patient. The upper-limb 
PTI at the preexchange transfusion was 174 ms. During the 
hypovolemic condition, PTI became shortened significantly, 
indicating peripheral vasoconstriction induced by the hypo- 
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Fig. 4. Change of PTI in a neonate with PDA. BP, blood pressure. 
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Fig. 5. Change of PTI at hypovolemia. 

PTI 

tension. PTI values normalized after restoring blood volume by DISCUSSION 
transfusion. 

During these observations, blood pressure changes were not 
significant, indicating their PTI changes were independent of 
blood pressure variations. 

Case 3: PPHN. Figure 6 shows PTI values from a case of 
PPHN due to meconium aspiration syndrome and asphyxia. 
After using the prostaglandin E l ,  the upper-limb PTI became 
prolonged, together with improvement of the infant's general 
condition. However, at 38 h after birth, when the patient again 
deteriorated, PTI became shorter. After administration of trazo- 
line, PTI again became prolonged as the clinical status improved. 
EMI, which represent the time interval between the beginning of 
QRS complex on ECG and upstroke of arterial blood pressure, 
were also measured but showed no significant changes. These 
latter findings illustrate that PTI change reflects the clinical 
condition more sensitively than EM1 and blood pressure changes. 

Investigation of pulse wave characteristics has focused princi- 
pally on issues related to basic physiology. This study focuses on 
pulse wave characteristics related to clinical issues. In the 1930s, 
Kramer and Schulze (4), Matthes (3, and Hertzman (6) devel- 
oped photoplethysmography. Since that time, the device has 
been used in clinical fields (7-9). Pulse wave analysis is available 
with peripheral circulatory impairment and for intraoperative 
monitoring of circulatory function (10). In the neonatal field, 
volume pulse wave is used as the basic principle of pulse 
oximeter (I). 

The pressure pulse wave is the transmission of pressure pulse 
produced by the heart beat through the artery. The pulse wave 
detected by the pulse oximeter, however, is not the pressure pulse 
wave, but is the volume pulse wave, which is affected by the 
elasticity and diameter of the artery. Both pulse wave transmis- 
sion times are shortened by the hardening or contraction of the 
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Fig. 6. Change of PTI at PPHN. BP, blood pressure; PGEI, prostaglandin E l .  

artery (1 1-14). In adults, pulse wave transmission times become 
shorter in cases of arteriosclerosis or hypertension because of 
reduced elasticity of the arterial wall (1 5-19). The beginning of 
pulse wave transmission time is the time of opening of the aortic 
valve. However, our definition of pulse wave transmission time 
is the time interval from the beginning of QRS complex on the 
ECG, which is the onset of electric contraction of the heart to 
the upstroke of the pulse wave on the plethysmogram from the 
pulse oximeter. 

The influential factors on pulse wave transmission velocity are 
characteristics of the vessel that are defined principally by wall 
thickness and elasticity, the inside diameter of the vessel, blood 
viscosity, and blood pressure, most of which are based on 
Young's formula (1  1). However, in case of neonates, vessel wall 
characteristics on PTI are negligible, because arteriosclerosis is 
absent. If blood pressure is stable, pulse wave velocity of the 
neonate is not affected by the compliance of the great arteries, 
but is chiefly affected by change in diameter of the arterioles. 
Therefore, PTI changes of the neonate mostly will represent 
changes of peripheral vascular resistance. Diagrammatic rep- 
resentation of mechanisms of PTI change is illustrated in 
Figure 7. 

PTI also can be affected by cardiac function per se, such as 
blood pressure change or prolongation of systolic time interval. 
However, our clinical experiences revealed that PTI changes as 
the expression of peripheral vasoconstriction were observed be- 
fore the appearance of parameters of cardiac dysfunction. There- 
fore, it can be said that PTI change is a useful parameter to 
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provide earlier signs of deterioration than systolic time interval 
and blood pressure changes. Because the pulse oximeter has been 
widely used as one of the most popular monitoring devices on 
the neonate, PTI as additional information from the pulse oxi- 
meter will help us to assess the clinical condition of the sick 
neonate. 

PTI calculated from pulse wave on pulse oximeter and QRS 
complex of ECG correlates positively with height and body 
weight of the neonate. PTI are shortened with peripheral circu- 
latory impairments, which is probably due to the increase in 
pulse wave velocity resulting from contraction of arterioles. 
Therefore, PTI can be used as a new denominator to evaluate 
peripheral circulatory status of the neonate. 
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Erratum 
On page 376A of the April program issue (Pediatric Research, Volume 33, Issue 4, Part 2), abstract 2296 was 

inadvertently omitted by the printer and abstract 2297 appeared in its place. Abstract 2297 on page 387A is 
correct as printed, and abstract 2296 should have appeared as follows. 

SURFACTANT FUNCTION IN VIVO: INCONGRUITY O F  THE SURFACE 
MONOLAYERTHEORY. Emile M. Scarvclli. and Alan J .  Mautone. Perinatology Center, 
Cornell University Medical School, NY, NY and Depts. of Anesthesiology and Pediatrics, 
New Jersey Medical School, Newark, N J .  

The surhce  monolayer theory of Clemrnts, et al explains surfactant function in vivo as 
a process in which surfactant films at the alvmlar air-liquid interface are refined to virtually 
pure DPPC during compressiun from total lung capacity (TLC) to functional residual 
capacity (FRC), where stable near zero surface tension (y) is established and sustained 
during tidal volume (VJ breathing. We tested the theory on normal surhctant extract from 
calf lung in a leak-proof surface balance that models the open film of the theory. The 
adsorbed film was cycled between 100% and 20% surface area (SA) until y-SA isotherm 
were repruducible. Cycling was continued alier decompression to 100% SA (simulated TLC) 
with one of  the following sequences: [ I  ] Compression to = 80% SA (= FRC for upper lung 
zones), then cycling at either 40 cpm (nmnatal frequency) or 14 cpm (adult frequency) with 
5 %  to 25% SA changes to simulate a range of V, breathing patterns; 121 compression to 
middle zone FRC ( = 5 3 %  SA), then V, hreathing; and 131 compression to lower zone FRC 
(=36% SA), then V, breathing. Upper zone y was > 10 dynlcm at PRC and increased to 
> > 10 dynlcm (minimum y) and > 3 0  dynlcm (y max) during V, cycling. Lower and 
middle zone y at FRC, = 0  to 4 dynlcm, increased in I to 3 V, cycles to > 1 0 / > 3 0  dynlcm 
(yminlymax). y increased spontaneously from =O to > 10 dynlcm in < 2  sec when 
compression was stopped at FRC (simulated end-expiratory pause from TLC). In vivo, the 
pressure due to y during V, breathing and at end-expiration would be = 2  to > 5  ctn H20 
In adult alveoli, 125 pm radius (r); - 8  to > 2 4  c n ~  H,O in neonatal alveoli, 25  pm r; and 
> 4 0 0  cm HZO in alveolar corners, 0.5 prn r .  Clearly, y and pressure are too high as the 
monolayer fails to follow t h e y  history predicted by the theory under conditions of neonatal 
and adult breathing in all regions of the lung. Supported by HL-38303 to AJM.  


	Monitoring Neonatal Peripheral Circulation by Electrocardiogram-to-Oximeter Pulse Velocity

