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Factors influencing 
the R-R interval during 
central venous injec- 
tion in newborn swine 

Seven Yorkshire swine, ages 7-11 days and weighing 1.4-2.8 

kg were studied to determine the effects of temperature and 
volume of injcctate, depth of  anaesthesia, position of the central 
venous catheter tip and vagotomy on the R-R interval after 

central venous injection of saline. The swine were anaesthetized 

with halothane in 100per cent oxygen and their lungs ventilated 

to norraocapnia. The length of  the R-R varied inversely with the 
temperature of the injeetate between 0 and 20 ~ C reaching a 

maximum prolongation of 152 per cent above control values 

with 0 ~ C saline. Injecting saline at 37 ~ C did not affect the R-R 
interval. The length of the R-R interval varied directly with the 
volume of injectate between 1.5 and4.5 ml" kg -I (P < 0.05), 
The R-R interval response also varied directly with the depth of 
anaesthesia: the post-injection R-R interval increased from 185 
per cent to 341 per cent as the end-tidal halothane concentra- 

tion increased from 0.45 to 1.20 per cent. The position of the tip 
of the central venous catheter that produced the maMmum 
increase in the R.R interval, as determined radiographically, 
was at the junction of the superior vena cava and the right 
atrium. Neither bilateral vagotomy nor atropine (50 p.g. kg -t ) 
affected the R-R interval after injecting 3 ml. kg -I saline 0 ~ C. 
We conclude that the increases in R-R interval after injection of 
fluid into the right atrium are due to direct effects on the nerve 
conduction system of the heart, possibly on the sino-atrial node, 
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Whole-body cooling produces a bradycardia (increase in 
R-R interval), which responds poorly to atropine or 
bilateral vagotomy. I-3 The injection of 10 ml of five per 
cent dextrose at 2 ~ C into the right atrial port of a Swan 
Ganz catheter produces a transient increase in R-R 
interval 4 as does the injection of 3 ml of 0.9 per cent NaCI 
at O ~ C into a central venous catheter in a 2.8 kg human 
neonate (personal observation). Similarly, during a study 
of haroreceptor function in neonatal swine we observed 
transient increases in the R-R interval after injection of 
fluid at 22* C via a central venous catheter. The factors 
affecting such changes in the R-R interval at the time of 
injection of fluid into the right atrium are poorly under- 
stood. To clarify this observation further, we studied the 
effects of temperature of injectate, volume of injectate, 
depth of anaesthesia, site of the central venous catheter, 
and parasympathetic nervous system on the R-R interval. 

Methods 
With approval from the local Animal Care Committee, 
seven Yorkshire swine, aged 7-11 days (mean 8.3) 
weighing 1.4-2.8 kg (mean 2.0 kg) were studied. 

Each animal was fasted for two hours preoperatively. 
Anaesthesia was induced using 70 per cent nitrous oxide 
in oxygen and halothane and maintained with 100 per cent 
oxygen and halothane. The trachea was intubated with a 
tracheal tube, and the lungs were ventilated to maintain 
normocapnia (PvCO2 45-50 mmHg) via a Bain circuit 
and a series 300 Penlon neonatal-paediatric anaesthesia 
ventilator. The external jugular vein was cannulated with 
an umbilical artery catheter and ligated proximally under 
direct vision. 

End-tidal gas was obtained by manually aspirating gas 
through a catheter that was positioned with its tip within 1 
cm of the distal end of the tracheal tube. The end-tidal 
concentration of halothane was measured using a calibrat- 
ed Beckman LB2 infra-red anaesthetic gas analyzer and 
corrected for carbon dioxide. Unless otherwise stated, the 
swine were equilibrated to an end-tidal concentration of 
0.85 -+ 0.05 per cent (which corresponds to = 1 MAC for 
neonatal swine) for at least 15 minutes before each study. 
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The Beckman LB2 infra-red gas analyzer was calibrat- 
ed using air containing known concentrations of halo- 
thane. The halothane mixtures were prepared by injecting 
calibrated microlitre volumes of liquid halothane into a 
large glass boule of known volume. Before the liquid 
halothane was injected into the bottle, an aliquot of air 
was aspirated and analyzed in the LB2 to ensure the bottle 
was free of halothane. Liquid halothane was then injected 
into the bottle. Atmospheric pressure was maintained 
within the bottle by allowing the air mixture to expand 
freely into a glass syringe. The contents of the bottle were 
then thoroughly mixed. The LB2 was calibrated using 
concentrations of halothane between 0.2 and 4.0 per cent 
(corrected for ambient temperature and pressure). A 
calibration curve that related the calculated and analyzed 
halothane concentrations was constructed to correct for 
aiinearity of the LB2 detector. For in vivo measurements 
the LB2 values were also corrected for the presence of 
carbon dioxide (concentrations between four and seven 
per cent) by subtracting 0.01 per cent. Humidification (at 
40* C) was shown to have no effect on the LB2 detector. 

Core temperature was monitored using a rectal probe. 
Normothermia (38-390 C) was maintained using an over- 
head radiant heater. The ECG was monitored continuously 
using needle electrodes in a lead II configuration, and was 
recorded using a Gould four channel recorder at a speed of 
25 mm. see-1. 

Intravenous fluids, normai saline (0.9 per cent) (war- 
med to 37 ~ C with a blood warming unit), were adminis- 
tered at a rate of 2 ml .kg ,  hr-~ to each swine through a 
central venous cannula. Venous blood obtained from the 
central venous cannula was analyzed for blood gases 
(Coming | 175 automatic pH/blood gas system) every 30 
minutes and at each depth of anaesthesia to confirm 
acid-base homeostasis and PCO2. 

The effects of temperature of injectate, volume of 
injectate, and depth of anaesthesia were studied in six 
swine. The effect of altering the position of the central 
venous catheter was studied in one swine. The effects of 
surgical and chemical vagotomy were studied in three 
swine each. 

Five syringes that contained normal saline (0.9 per 
cen0 were equilibrated at the following temperatures: 0 ~ 
C, 4 ~ C, 10 ~ C, 20 ~ C and 37 ~ C. The temperature of the 
saline was monitored using an electrical thermometer 
(YSI Telethermometer series 400 model 43TD), and was 
maintained within 0.5 ~ C of the designated temperature. 
Three ml.  kg - l  of the normal saline were injected into the 
proximal access site of the central venous catheter at a rate 
of 1 mi .sec -~. This was repeated at each of the five 
temperatures in a random order. The per cent increase in 
R-R interval was calculated from three consecutive R-R 
intervals before the injection and the three longest 

consecutive intervals after the injection. Five minutes 
were allowed for recovery after each saline injection 
before repeating the procedure with saline at another 
temperature. 

Three volumes of saline (1.5 ml.  kg- 1, 3 ml. kg- I and 
4.5 ml. kg -1) were cooled to 0* C and injected at the rate 
of 1 ml .see -~ ml.seeond-I into the central venous 
catheter. The volumes were administered in a random 
order five minutes apart. The percent increase in the 
post-injection R-R interval compared with the respective 
injection interval was calculated. 

The swine were ventilated with 100 per cent oxygen 
and halothane to end-tidal  halothane concentrations of 
0.45 per cent (0.5 MAC), 0.65 per cent (0.75 MAC), 0.85 
per cent (1.0 MAC), or 1.22 per cent (1.5 MAC) in 
random order. After allowing 20 minutes for equilibra- 
tion, duplicate samples of end-tidal gas were aspirated 
manually and the halothane concentrations were deter- 
mined. Each swine was considered to be equilibrated at 
the end-tidal concentration when the samples differed by 
no more than 0.01 per cent. Saline (3 ml.  kg-l) ,  cooled to 
0 ~ C was injected through the central venous catheter, and 
the increase in R-R interval was compared with pre- 
injection values. The swine was then equilibrated at the 
next MAC multiple of halothane. After a 20-min equili- 
bration period, the end-tidal halothane concentration was 
measured and the injection repeated. 

To determine the effect of position of the tip of the 
central line on the R-R interval response, the swine was 
equilibrated at an end-tidal concentration of 0.85 per cent 
in 100 per cent oxygen. The central venous catheter was 
then inserted 10 cm from the entry point into the external 
jugular vein. Two ml .kg -~ of saline at 0 ~ C were 
injected. The catheter was withdrawn in 1-2 cm incre- 
ments and the injection was repeated. Five minutes were 
allowed for recovery between injections and normother- 
mia was reconfirmed. When the catheter was adjusted to 
the position of maximal increase in R-R interval, the 
swine was killed with a barbiturate overdose and the 
position of the tip of the catheter determined by x-ray. 

To determine the influence of the parasympathetic 
nervous system on the R-R interval response, three swine 
were randomly assigned to receive surgical vagotomy and 
three to receive chemical vagotomy (atropine 50 wg' kg- l) 
during 1 MAC halothane anaesthesia in 100 per cent 
oxygen. Prior to vagotomy, control responses to the 
injection of 0 ~ C saline (3 ml. kg -~) were obtained. The 
vagus nerve was identified bilaterally at the level of the 
cricothyroid cartilage and divided. In the other three 
swine, atropine was injected into the central venous 
catheter and flushed into the right atrium with 3 ml of 
saline at 37 ~ C. Five minutes after completion of the 
vagotomy, 0 ~ C saline (3 ml .kg -1) was injected and the 
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TABLE Effect of five variables on the R-R intervat (msee) 

Number of 
swine Control Study 

Temperature (~ 
37* 6 426.5 (329-464) 445.5 
20* 6 426 (339-461) 593.5 
10" 6 433 (309-485) 749 
4* 6 441.5 (341-472) 771 
0 ~ 6 418 (323-483) 856 

Volume (ml-kg- 1) 
1.5 6 395 (349-487) 645.5 
3.0 6 397.5 (353-473) 968.5 
4.5 6 397 (341-483) 1266.6 

MAC halothane 
0.5 6 395.5 (331-563) 631.5 
0.75 6 359 (315.363) 708.5 
1.0 6 400 (323-517) 1106.5 
1.5 6 438.5 (317-533) 1095 

Pre-atropine�82 3 476 (437-515) t069 
Post-atropine�82 3 451 (435-528) 891 

Pre-vagotomy 3 483 (340-517) 925 
Post-vagotomy 3 504 (351-517) 896 

Data are medians (range). 
*P < 0.05 compared with control. 
+P < 0.05 compared with the immediately adjacent higher temperature. 
:~P < 0.05 compared with 0.5 MAC. 
w < 0.05 compared with immediately adjacent smaller volume. 
�82 p,g-kg-'. 

resultant R-R interval was compared with the pre- 
vagotomy values. 

Statistical significance (P < 0.05) was based on the 
actual measurements of the R-R interval using the 
Friedman test for repeated measures of non-parametric 
data and the Wileoxon signed-rank test with the Bonfer- 
toni correction for multiple pairwise comparison, s Data 
are summarized as medians and ranges (Table). 

Results 
We found that the temperature of the injectate significant- 
ly affected the R-R interval (Table). The between temper- 
ature comparisons of  the control values did not differ 
significantly. However, the within group comparisons of 
the R-R interval to control values were prolonged for 20 ~ 
C, 10 ~ C, 4 ~ C and 0 ~ C (Table) (P < 0.05). The R-R 
interval was not prolonged after injecting saline at 37 ~ C. 
The injection of 0 ~ C saline increased the median R-R 
interval 123 per cent, whereas 4* C saline increased the 
median R-R interval 109.5 per cent. Saline at room 
temperature (20 ~ C) increased the median R-R interval 47 
per cent (Figure 1, Table). 
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(328-472) 
(528-709)* 
(656-953)*" 
(660-1526) *+ 
(709-1877)*" 

(563-739)* 
(660-1861)*w 

(1104.3357)*w 

(557-976)* 
(567.1168)* 
(736-1967)* 
(957-2672)*r 

(864-1376)* 
(835-1357)* 

(656-1531 )* 
(707-1320)* 

Conduction disturbances occurred in response to the 
injection of cold saline (0 ~ C) in two swine. These 
disturbances consisted of the occurrence of isolated 
ventricular ectopics and sinus beats, of  a change in the 
R-wave to an RSR configuration and the development of 
biphasic T-waves. 

The volume of 0* C injectate directly affected the R-R 
interval (Figure 2). The larger the volume of saline 
injected, the greater the increase in R-R interval. The 
between volume comparisons of the control measure- 
ments of the R-R interval did not differ significantly 
(Table). However, the within volume comparisons of the 
R-R interval for 3.0 and 4.5 ml. kg - t  of  saline increased 
significantly after injection (P < 0.05). The difference 
between the median increase of 62 per cent in R-R interval 
with 1.5 ml. kg - t  and the 219 per cent increase with 4.5 
ml. kg-~ (at 0* C) was statistically significant (P < 0.05). 

The greater the depth of anaesthesia, the larger and 
more variable was the R-R interval response to the 
injection of 0 ~ C saline (Table) (Figure 3). The between 
MAC comparisons of the control measurements of the 
R-R interval did not differ significantly. The difference 
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FIGURE 1 The per cent increase of the R-R interval as the tem- 
porature of injectate (volume = 3 ml. kg -~) decreased from 37 ~ C. 
The differences among the groups were statistically significant 
(P < 0,05). 
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FIGURE 3 The per cent increase of the R-R interval from control after 
injection of 3 ml of 0.9 per cent NaCI at 0 ~ C increases as the 
end-tidal halothane concentration increases. The difference in the R-R 
interval increase between 0.5 MAC and 1,5 MAC was statistically 
significant (P < 0.05). 
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FIGURE 2 The per cent increase of the R-P, interval as the volume of 
injectate at 0* C increases. The differences among the groups were 
statistically significant (P < 0.05). 

between the R-R  interval response to the injection of  cold 
saline at an end- t ida l  concentration of  0.5 M A C  halo- 

thane (0.45 per cent  end-tidal concentration) and 1.5 
M A C  halothane (1.22 per cent end-tidal concentration) 
was  statistically significant  (P  < 0.05). 

The  greatest  increase in R-R interval occurred when the 

tip of  the line was inserted to a position demonstrated by 
x-ray to be at the junct ion of  the superior vena cava  and the 
right a t r ium (Figure 4). 

Nei ther  surgical  nor chemical  vago tomy attenuated the 

increase in R-R interval observed after the injection of  
cold saline into the central venous catheter (Figure 5). 

The  magni tude  of  the bradycardic response varied 

between the swine.  Two  swine had dramatic  bradycardias 
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FIGURE 4 The effect of the position of the central venous catheter on 
the inesease in the R-R interval after injection of 2 ml. kg- J of 0.9 
per cent NaC1 at 0* C. The maximum per cent increase in R-R interval 
occurred when the tip of the central venous catheter was directly 
opposite the sino-a~al node. 

during the studies of  temperature and volume of  injectate 
and the effect  o f  depth of  anaesthesia,  with an average  

increase in R-R  interval o f  159 and 238 per  cent,  while 
two others had modera te  bradycardias  with increases in 
the R - R  interval o f  only 56 and 86 per cent. This  could not 
be accounted for by differences in age,  weight ,  body tem- 
perature or rest ing heat  rate, but m a y  have been caused 
by variat ion in the position of  the cannula. 

Discuss ion  

The use of thermodi lu t ion  cardiac output measurements  in 



558 CANADIAN JOURNAL OF ANAESTHESIA 

200 ' 

100 

-e- Atropine 

-r Vagotomy 

P r e - T r e a t m e n t  Post-Tr 'eat  ment 

FIGURE 5 The per cent change of the R-R interval after injection of 
3 ml. kg -t of 0,9 per cent NaCI at 0 ~ C before and after chemical 
(atropine) and surgical vagotomy. There was no statistical difference 
among the groups with either technique. 

the postoperative management of neonates 6 and infants 6- ii 
after repair of congenital heart lesions is increasing. 
This study demonstrates that the R,R interval increases 
after the central venous administration of cold saline in 
newborn swine. The magnitude of the increase in the R-R 
interval is affected by the temperature and volume of the 
injectate, the depth of anaesthesia (as determined by 
end-tidal concentrations) and the position of the tip of the 
catheter through which the injectate is administered. The 
increase in R-R interval does not appear to depend on a 
stretching effect of the right atrial fibres or on a sudden 
increase in the right atrial pressure after rapid injection of 
fluid as the R-R interval did not increase after the injection 
of saline at 370 C. Similarily, the increase in the R-R 
interval does not appear to depend on a reflex mediated by 
the autonomic nervous system as it was not affected by 
vagotomy. 

The mechanism of the increase in R-R interval after 
injection of fluid into the right atrium may be attributed to 
a direct cooling effect of cold injectate on the endocardi- 
urn, most likely on the sino-atrial (SA) node. The effect of 
temperature on the R-R interval is demonstrated in Figure 
1 in which the R-R interval increases as the temperature of 
the injectate decreases. The injection of 3 ml-kg -t  of 
injectate at 37 ~ C did not significantly effect the R-R 
interval whereas 1.5 mi .kg  -1 of injectate at 0 ~ C 
increased the R-R interval above control values (Figure 
1). These data indicate that temperature is more important 
than the volume of the injectate which is the dominant 
variable causing prolongation in the R-R interval. The 
increase in the R-R interval observed after increasing 
volumes of injectate (Figure 2) is most likely explained by 
the greater cooling of the endocardium and the SA node 
with larger volumes of cold injectate. Our observation 
that the maximum increase in the R-R interval occurs 
when the tip of the central venous catheter is directly 

opposite the SA node (Figure 4) provides further evidence 
that direct cooling of the SA node causes the increase in 
the R-R interval. This postulate is also supported by 
previous studies which suggested that the intrinsic rhyth- 
micity of the SA node is reduced by hypothermia. 1-3. i t- 14 
Marshall It has demonstrated that lowering the tempera- 
ture of rabbit pacemaker fibres produces a slowing of the 
atrial rate in association with a decrease in diastolic 
membrane potential and action potential. Nishikawa et 

al.14 measured the effect of cold injectate through a 
catheter positioned to deliver the injectate at the junction 
of the superior vena cava and right atrium (at the level of 
the SA node) on the myocardial temperature of adult 
dogs. They demonstrated a strong correlation between the 
decrease in temperature of the SA node and the decrease 
in the heart rate. Similarly, the wide variation in our data 
measurements of the R-R intervals may be explained by 
variability in the distance between the tip of the central 
venous catheter and the SA node (Figure 4). 

Neither surgical nor chemical vagotomy abolished nor 
attenuated the increase in R-R interval induced by either 
decreasing the temperature of the injectate or increasing 
the volume (Figure 5). We used 250-300%.kg -I more 
injeetate than that reported in previous studies. 14 The 
purpose of this larger volume was to amplify any possible 
subtle effects of the autonomic nervous system on the R-R 
interval. In view of the lack of effect of vagotomy, we 
conclude that the increase in the R-R interval after 
injection of saline is not mediated by the parasympathetic 
autonomic nervous system. 

The effect of increasing the end-tidal concentration of 
halothane on cold-induced prolongation of the R-R 
interval (Figure 3) has not been reported previously. 
Reynolds et al. ts demonstrated a decrease in diastolic 
membrane potential and action potential in isolated 
myocardial fibres during administration of halothane. 
They also demonstrated a slower diastolic depolarization 
(Phase 4) and an increase in threshold potential. These 
effects increased as end-tidal halothane concentration 
increased and the SA node demonstrates a greater 
response to the same volume of cold injectate. 

The use of thermodilution cardiac output techniques is 
increasing in popularity for haemodynamic determina- 
tions in both clinical and laboratory studies. Nishikawa 
and Namiki noted the theoretical effect of cooling the SA 
node on the calculated cardiac output but cautioned that 
their observations in dogs may not apply to humans as the 
ratio of injectate volume to atrial size is smaller in adult 
humans than in dogs.In However, the ratio of the volume 
of solution injected to the volume of the atrium is greater 
in human neonates and infants than in the adult dogs 
reported by Nishikawa and Namiki. Clinically, we have 
observed transient bradycardias in neonates and infants in 
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whom thermodilution cardiac output measurements were 
attempted. In this study, we have reproduced these 
observations in newborn swine. The potential effect of the 
injectate on the temperature of the SA node and subse- 
quent effect on the accuracy of the thermodilution cardiac 
output determination must be recognized in clinical and 
laboratory studies involving small subjects. 

In conclusion, we found significant increases in the 
R-R interval after administration of cold injectate into the 
right atrium in newborn swine that were augmented by 
colder temperatures, larger volumes and by increasing 
depths of anaesthesia with halothane. 
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R~sum~ 
Afin de d~terminer les effete de la temp#rature du volume 
inject#, la profondeur de ranesthdsie, la position du bout du 
catheter veineux central et de la vagotomie sur l' intervalle R-R 

apr~s une injection intraveinense par vole centrale, sept porcs 
Yorkshire, ,~g~s de 7-11 jours et pesant de 1.4-2.8 kg ont ~td 

~tudi~s. Les porcs ont #t~ anesthdsi~s avec l'halothane et 100 
pour cent d' oxygdne et ventil~s pour atteindre une normocapnie. 

La longueur de r espace de l'intervalle R-R ~tait inversement 

proportionnelle d la tempdrature du liquide inject~ pour des 
temperatures variant de 0 et 20 ~ C attteignant un maximum de 
prolongation de 152 per cent du contrdle d 0 ~ C. Le salin inject~ 

d 37 ~ C n'a pas affect~ l'intervalle R-R. La longueur de 
l'intervalle R-R variait directement avec le volume du salin 
inject# entre des valeurs de 1.5 d 4.5 ml. kg - t  (P < 0.05). Cet 
intervalle R-R a anssi varM directement avecla profondeur de 
l'anesth~sie: apr~s l'injection cet intervalle augmenta de 185 

pour cent d 341 pour cent quand la concentration d'halothane 
en fin d' expiration augmenta de 0.45 d 1.20 pour cent. La 
position du bout du catheter veineux central qui produisit le 
maximum d'augmentation de l'intervalle R.R, d~termin~e 
radiologiquement, ~tait d la jonction de la veine cave supdrieure 

et l' oreillette droite. Ni la vagotomie bUat#rale ou l'atropine 

(50 p~g . kg -j  ) n 'ant affect# l' intervalle R-R apr~s 1' injection de 
3 ml" kg -1 d * C de salin. On eonclut que les augmentations de 
I' imervalle R-R apr~s injection de liquide clans I'oreillette droite 

sont dues aux effete directs sur le syst~me de conduction nervetcr 
du c~eur possiblement au niveau du noeud sinusaL 


