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Abstract

Thepig  is a commonly used large animal model in experimental studies. Few non-invasive techniques exist howeverfor  the measurement
of bloodpressure  in the porcine model. This study evaluates the novel use of the easily available neonatal bloodpressure  cufffor  measuring
blood pressure in the pig.

Six Yorkshire pigs were used for the study. Blood pressure measurements obtained by the application of neonatal blood pressure cuff
(Hewlett Packard) around the base of the tail were compared with results obtainedfrom  intra-arterial measurements in the normotensive
range as well as in experimentally created hypertensive (intravenous dopamine) and hypotensive (hypovolaemic shock) ranges.

Results of the two techniques are closely correlated (Pearson’s coefficient = 0.95,O.  97,0.90). Systematic bias was however detected at the
extremes of hypertensive and hypotensive bloodpressure.  Analysis of the limits of agreement (method of Bland and Altman) showed that
neonatal blood pressure cuff measurements fall within-2 to 2.5 mmHg  of the readings obtained from the invasive technique (95%
confidence interval).

The neonatal bloodpressure  cuff technique is a good substitute for the standard invasive intra-arterial measurement of bloodpressure
in the pig model.
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Introduction

Blood pressure is an important parameter commonly
measured in experimental studies using animal models.
Various non-invasive techniques to monitor blood pres-
sure have been described in the literature but most of
these are applicable only to small animal models like the
rat.‘12 Few techniques on non-invasive blood pressure
monitoring in large animal models have been described
and validated.

The pig is a commonly used model in experimental
studies.3  In terms of cardiovascular and gastrointestinal
physiology, the pig closely resembles man. The porcine
model has therefore been widely used in liver transplan-
tation studies,4-6  as hepatectomy models7-9  and as models
for haemodynamic studies’” and in studies on shock.“,12

Invasive blood pressure measurement is the most
widely used and accepted method for monitoring blood
pressure in the pig or any other large animal model. This

is achieved by connecting a pressure transducer to a
cannula inserted into an artery i.e. via an intra-arterial
line. Such intra-arterial cannulae may be inserted by
either the percutaneous route or by arterial cut-down.

Percutaneous femoral arterial cannulation for blood
pressure monitoring can be extremely difficult in the pig
as the thick tissue bulk covering the artery hinders
localisation of the vessel. Most pigs used for experimen-
tal surgery research are in the weight range of 30 to 50 kg
and the relatively small size of the femoral arteries in
these animals adds to the difficulty of blind cannulation.
Inadvertent haematomas are a common occurrence and
these could compromise blood flow. Intra-arterial can-
nulae are therefore commonly inserted by arterial cut-
down. Using cut-down techniques for sequential
measurement of blood pressure e.g. repeated measure-
ments taken over a number of days, is however difficult.
To avoid cannula complications, removal of the intra-
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arterial cannula after each period of measurement is
necessary and this requires ligation and the subsequent
thrombosis of that vessel. A new site and vessel has to be
used each time the blood pressure is measured.

In our institution, the pig is widely commonly used in
experimental surgery studies and blood pressure moni-
toring in the pig posed a practical challenge. To circum-
vent the problems associated with invasive blood
pressure monitoring in the pig, an alternative non-inva-
sive technique was therefore sought. Special tail-cuffs
have been developed to measure blood pressure in the
rat1r2 and this includes some commercial models but
these are not available for the pig. This study was carried
out to evaluate the use of the easilv available and com-
mon neonatal blood pressure cuff as a non-invasive
technique for monitoring blood pressure in a porcine
model.

Materials and Method

In the pig, the blood pressure in the caudal  artery may
be measured by application of a blood pressure cuff of a
suitable size around the base of the tail. We used a
neonatal blood pressure cuff for this purpose. The aim of
this study was to validate this novel technique of moni-
toring porcine blood pressure against results obtained
by the standard invasive intra-arterial technique. All
operative procedures were conducted in accordance
with International Guidelines for Animal Research.13

Six healthy Yorkshire pigs (40 to 50 kg) were used for
this study. After an overnight fast, each animal was first
sedated with i/m ketamine at 15 mg/kg  BW. Anaesthe-
sia was induced with pentobarbitone (10 mg/kg SW)
and maintained with 1.5% inhalational halothane.

A neonatal blood pressure cuff (Hewlett Packard, size
1) was applied against the base of the tail of each animal
with circumference settings of between 3.1 and 5.7 cm.
Open cannulation of the femoral artery was carried out
using an 18 G intra-arterial cannula. The cannula was
connected to a low-volume miniature strain-gauge trans-
ducer and which was then zeroed. Both the neonatal
blood pressure cuff and the intra-arterial system were
then connected to a Hewlett Packard Patient Monitoring
Machine (HP 78354A) which was pre-calibrated for 50
mmHg, 100 mmHg and 150 mmHg using a mercury
pressure gauge.

Paired readings from the neonatal blood pressure cuff
and the intra-arterial cannula were obtained over 3
ranges of blood pressure namely normotensive blood
pressure, dop’amine-induced  hypertension and hypo-
tension resulting from hypovolaemic shock. In each of
these blood pressure ranges, systolic blood pressure,
mean arterial pressure (MAP) and diastolic blood pres-
sure were separately recorded.

A total of 5 paired blood base-line pressure readings at

2-minute intervals were first obtained from the anaes-
thetised animals 15 minutes after all invasive proce-
dures were carried out. These readings therefore reflected
the physiological blood pressure of these anaesthetised
animals under haemodynamically stable conditions.

Hypertension was then induced in these animals by
bolus intravenous injections of 200 mg dopamine. Five
pairs of blood pressure readings were then obtained at 5-
minute intervals. Twenty minutes was then allowed to
pass before hypovolaemic shock was induced by
exanguination of the animal from the internal jugular
vein into a transfusion bag. Paired blood pressure read-
ings were obtained at 2-minute intervals starting from
the time 200 ml of blood was collected in the transfusion
bag. A total of 5 readings were taken.

Results obtained were analysed using the SPSS 7.5
statistical software. The relationship between results
obtained from non-invasive blood pressure monitoring
using neonatal blood pressure cuff and results from
invasive intra-arterial blood pressure measurement was
investigated using Pearson’s correlation coefficient. The
method of Bland and Altman14,1s  was used to estimate
limits of agreement between the two techniques and to
evaluate the practical and statistical feasibility of using
the neonatal blood pressure cuff technique to replace the
standard invasive intra-arterial technique for monitor-
ing blood pressure in this model.

Results

Normotensive MAP in this pig model was 66 to 100
mmHg (mean 85.6, SD 10.2) and 67 to 100 mmHg (mean
85.7, SD 9.9) respectively when measured by the neonatal
blood pressure cuff and by the intra-arterial technique.
After bolus intravenous injection of 200 mg dopamine,
MAP ranged from 96 to 117 mmHg (mean 104.6, SD 4.3)
and 104 to 139 mmHg (mean 115.5, SD 10.43) respec-
tively by this two techniques. The range of MAP meas-
ured in this study when hypotension was created by
exanguination was from 44 to 66 mmHg (mean 55.3, SD
7.3) and 38 to 67 mmHg (mean 53.3, SD 8.8) respectively.
Table I shows the summary statistics for the BP ranges
recorded under various conditions.

Correlation between the 2 methods of blood pressure
monitoring is illustrated in Figures 1, 2 and 3, which
show the scatter plots of paired readings obtained for
diastolic, mean and systolic blood pressure respectively.
The two methods showed good correlation and Pearson’s
correlation coefficients were 0.95 (P <O.OOl),  0.97
(P <O.OOl)  and 0.90 (P <O.OOl)  for the above 3 blood
pressures.

Figures 4, 5 and 6 show the difference in the blood-
pressure readings plotted against the mean of the 2
blood pressure readings (method of Bland and Altman).
This type of plot is useful in detecting bias and estimat-
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TABLE I: SUMMARY STATISTICS FORBLOODPRESSURE RANGES
RECORDED UNDER VARIOUS CONDITIONS

Normotensive conditions

n = 30 Range Mean Standard deviation

(mmW (mmW (mmW

Diastolic BP
lABP* 56-87 73.4 9.9
Neonatal cuff 53-84 69.4 9.7

Mean BP
IABP 67- 100 85.7 9.9
Neonatal cuff 66-100 85.6 10.2

Systolic BP
IABP 83-124 107.1 11.8
Neonatal cuff 84-  129 113.17 12.1

Dopamine-induced hypertension

n = 28 Range Mean Standard deviation

(mm&d (mm&) (mmW -
Diastolic BP

IABP 85-128 99.2 12.4
Neonatal cuff 76-104 91.4 7.1

Mean BP
IABP 104-139 115.5 10.4
Neonatal cuff 96-l 17 104.6 4.3

Systolic BP
IABP 126-172 146.0 12.4
Neonatal cuff 107-135 124.0 6.3

Hypotension secondary to hypovolaemia

n = 30 Range Mean Standard deviation

(mmW (mmW (mmW

Diastolic BP
IABP 31-59 43.1
Neonatal cuff 35-57 * 44.7

Mean BP
IABP 38-67 53.3
Neonatal cuff 44-66 55.3

Systolic BP
IABP 49-88 70.7
Neonatal cuff 59- 100 74.8

BP: blood pressure; IABP: intra-arterial blood pressure

8.8
7.3

8.8
7.3

10.7
9.5

TABLE II: LIMITS OF AGREEMENT AND RESIDUAL BIAS BETWEEN
THE TWO TECHNIQUES OF MEASURING BLOOD
PRESSURE

Mean difference (bias) SD 95% limits of agreement

(mm%9 (mmW (mm%)

Diastolic BP 4.0 4.3 -4.3, 12.4
Mean BP 0.3 1.2 -2, 2.5
Systolic BP -3.5 6.1 -15.5, 8.5

SD: standard deviation; BP: blood pressure

ing limits of agreement between methods. The plots
clearly show evidence of a systematic bias, with the non-
invasive method reading higher at low blood pressures
and lower at high blood pressures.
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Note: Line shown is Y=X reference line, not a regresslon best-fit line.

Fig. I. Scatter plot of paired diastolic blood pressure readings
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Fig. 2. Scatter plot of‘paired  mean blood pressure readings.
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Fig. 3. Scatter plot of paired systolic blood pressure readings.
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Fig. 6. Plot of difference versus mean for paired .systolic  blood pressure readings.

A secondary analysis was performed, restricted to
pairs of blood pressure reading with mean values within
the normotensive range. Limits of agreement and re-
sidual bias were calculated and are shown in Table II.

Discussion and Conclusion

The results of this study showed high correlation
between measuring blood pressure by intra-arterial cath-
eter and by means of a neonatal blood pressure cuff
applied around the base of the tail in the pig. A cursory
analysis would therefore suggest that the neonatal blood
pressure cuff is an excellent technique for measuring
blood pressure in the pig and may be used to replace
intra-arterial blood pressure measurement. High corre-
lation however does not always mean that the two
techniques agree.14 Analysis by the method of Bland and
Altman suggested lack of agreement in the extreme or
non-physiological ends of the blood pressure spectrum.
This is not unexpected. Agreement between blood pres-
sure measured by pressure cuff and by an invasive intra-
arterial system is known to deviate at pressures higher
and lower than the physiological range.16

The magnitude by which results obtained using the
new technique differ from that obtained from the stand-
ard technique has more relevance than statistical corre-
lation between the results. 14,15~17~18  If results from the new
technique are likely to differ from that of the established
technique by a magnitude likely to cause difficulties in
interpretation of the results, then the new technique
cannot replace the established technique even if the
results correlate significantly. The method of Bland and
Altman specifically addresses this issue.

In the normotensive range, readings obtained using
the neonatal blood pressure cuff technique differs from
that obtained from intra-arterial catheters by a mean of
0.3 mmHg.  There is a 95% chance that the result obtained
from the neonatal blood pressure cuff will fall within - 2
to 2.5 mmHg of the readings obtained from the invasive
technique. The range of possible differences in the two
readings is small in relation to the normotensive blood
pressure range (66 to 100 mmHg).  This neonatal blood
pressure cuff technique can therefore be confidently
used to replace the invasive intra-arterial technique. In
the context of research in experimental surgery, this
neonatal blood pressure cuff technique would be ideal
for intra-operative monitoring of blood pressure. Where
repeated blood pressure monitoring is required e.g.
repeated procedures (e.g. biopsies) carried out on the
same animal over a period of time, this technique is
superior to invasive techniques because of the ease of
application and the absence of complications.

It is difficult to comment on the use of the neonatal
blood pressure cuff technique to measure blood pres-
sure under extreme conditions in this pig model. The
hypertensive and hypotensive blood pressure ranges
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created in this study were essentially caused by patho-
logical conditions (and in the case of the hypotensive
range - terminal conditions). The mean differences be-
tween the two techniques remained small but the suit-
ability and relevance of this neonatal cuff technique for
measuring blood pressure under such extreme condi-
tions would depend on the aims and end points of such
experiments.

The results of this study are similar to those obtained
using the more expensive photo-electric flow sensor in
the Yucatan mini-pig.‘” The neonatal blood pressure cuff
technique used in this study has many advantages. It is
cheap, the blood pressure cuff is easily available and no
equipment besides the normal monitoring instruments
found in any experimental surgery facility is required.

In summary, this study confirmed that the simple
neonatal blood pressure cuff technique developed in our
institution is a good substitute for the standard invasive
intra-arterial technique of monitoring blood pressure in
the pig model and this is especially relevant in the intra-
operative setting. Where the pig model is used in experi-
ments designed to create extreme changes in blood
pressure, the use of this technique would however not be
appropriate and any readings obtained must be inter-
preted with caution.
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