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Twenty four hour variation in plasma atrial
natriuretic factor during VVI and DDD pacing

Panagiotis E Vardas, Manolis Markianos, Emmanuel Skalidis, Emmanuel Simantirakis,
Emmanuel Manios, Efstathios Papavasiliou

Abstract
Objective-To investigate whether
plasma atrial natriuretic factor (ANF)
follows a pattern of circadian variation
similar to that of other hormones in
patients paced under WI and DDD pac-
ing modes and to determine if the known
effect of pacing mode on ANF secretion is
maintained throughout the 24 hour
period.
Patients and Design-20 patients were
studied. They had complete atrioventric-
ular block and had been paced for 17 (SD
3.5) months with a dual chamber multi-
programmable pacemaker. They were
divided into two groups according to the
duration of pacing in either WI or DDD
mode before the measurements: group A,
n = 11 (8 men, 3 women, aged 65 (7)
years), each paced for 24 h under each of
WI and DDD modes in random order;
group B, n = 9 (7 men, 2 women, aged 63
(8) years), each paced for 60 d under each
pacing mode before the measurements.
Blood samples were taken and ANF con-
centrations measured every 4 h over a
24 h period, starting at 09 00. Measure-
ments were also made of plasma cortisol,
which has a known circadian pattern, so
that the 24 h curve could be compared
with that ofANF.
Results-In contrast to cortisol, ANF val-
ues indicated a pulsatile pattern of secre-
tion throughout the 24 h period, with no
clear circadian variation. In group B,
ANF concentrations were significantly
higher during WI than during DDD pac-
ing throughout the 24 h period, whereas
in group A this difference was statistically
significant only at certain times of day.
Conclusions-ANF does not show the cir-
cadian pattern of variation shown by cor-
tisol and other hormones. Dual chamber
pacing contributes to an improvement not
only in cardiac haemodynamics but also
in the neuroendocrine system, especially
in the long term.

(Heart 1996;75:620-622)
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Several studies have established that the pac-
ing mode affects not only the patient's haemo-
dynamic state but also the neuroendocrine
system. In particular, plasma atrial natriuretic

factor (ANF) appears to be especially influ-
enced by pacing mode, increasing during VVI
pacing and rapidly returning to normal follow-
ing the restoration of the atrioventricular
sequence, as happens with dual chamber pac-
ing. Although these observations have been
well reported previously' 2 some important
related questions remain to be elucidated.
Among these are the following: (1) it is not
clear if the observed differences in plasma
ANF between VVI and DDD pacing are
maintained throughout a 24 hour period; (2) it
is not clear whether plasma levels of atrial
natriuretic factor follow a circadian pattern, as
happens with other hormones, especially in
patients paced in VVI and DDD pacing
modes; (3) it is not known if the duration of
pacing, with either VVI or DDD mode, has an
effect on the above findings. The purpose of
this study was to investigate these questions.

Methods
We studied 20 patients with complete atri-
oventricular block who had been paced for 17
(SD 3 5) months with a dual chamber multi-
programmable pacemaker. All patients had
normal atrial activity and none had retrograde
atrioventricular conduction. Exclusion criteria
were kidney failure, heart failure, and age over
75 years. For the evaluation of heart failure,
apart from the clinical criteria, each patient
underwent a detailed echocardiographic study
which included the measurement of systolic
and diastolic indices of left ventricular func-
tion.
The 20 patients were divided into two

groups which differed only according to the
duration of pacing before the start of measure-
ments. (1) Group A (11 patients, eight men
and three women, aged 65 (7) years): each
patient was paced for 24 h under VVI or DDD
pacing mode in random order, and with a set
lower pacing rate of 70 beats/min in both pac-
ing modes. The pacing mode was pro-
grammed 2 h before the first blood sample was
taken, in order to allow time for the levels of
ANF to adjust. (2) Group B (nine patients,
seven men and two women, aged 63 (8)
years): in this group the patients were paced
for 60 d before the first blood sample was
taken. As with group A, the patients were
paced under both VVI and DDD modes in
random order and with a set lower pacing rate
of 70 beats/min in both pacing modes.
The atrioventricular delay in both groups of

patients was programmed on the basis of the
echocardiographic evaluation so that each
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ANF variation during pacing

(A) Mean values (standard deviation in parentheses) of atrial natriuretic factor (ANF) and cortisol plasma levels in
samples taken every four hours during VVI and DDD pacing in a cross over design with 24 h (group A) and 2 month
(group B) duration ofpacing under each mode before measurements

Group A Group B

ANF (finollml) CorTisol (ng/ml) ANF (fmollml) Cortisol (ng/ml)

Time VVI DDD VVI DDD VVI DDD VVi DDD

09:00 88-2 (21-3) 80 1 (10 9) 99-7 (34 4)* 105-0 (25.5)* 81-9 (24-5) 66-1 (10-8) 131 (25)* 139 (44)*
13:00 87-2 (20.0) 79-7 (11-2) 78-3 (21-5) 65-1 (10-4) 86-8 (24 0) 64-7 (9.6) 131 (73) 124 (48)
17:00 89-7 (17-5) 80-4 (15-4) 66-3 (25 6) 51-4 (13-4)* 81-5 (21-2) 65-4 (11 1) 68 (21)* 76 (44)*
21:00 87-6 (21-3) 77-7 (14-7) 40 0 (10-4)* 36-9 (9 0)* 85-8 (22-6) 66-2 (9 1) 63 (35)* 84 (61)
01:00 87-7 (24.6) 76-8 (14-2) 38-6 (12-9)* 43-8 (24.2) 84-1 (25.2) 64-8 (7 9) 83 (44) 59 (33)
05:00 84-2 (18-6) 75-7 (11.9) 87-3 (30 4) 73-5 (39 7) 83-5 (18-9) 64-2 (9.8) 143 (46) 167 (63)*
Mean 87-4 (19-6) 78-4 (11-8) 68-5 (11-5) 62-7 (9 8) 83-9 (21-1) 65-2 (8.4)t 103 (26) 108 (36)

*Significantly different after Bonferroni correction compared to the mean of the six measurements.
tSignificantly different compared to the VVI mean.

(B) Repeated measures analysis of variance

ANF Cortisol ANF Cortisol

Effect F P F P F P F P

Pacing 1-72 0-20 1-60 0-22 6-07 0-025 0-13 0 73
Time 1-48 0-20 24-64 0.00 0-32 0-89 18-32 0 00
P x T 0-17 0 97 0-93 0-46 0-42 0-83 1-08 0 37

individual patient should have the best possi-
ble haemodynamic response.

Blood samples were taken for ANF mea-
surement every 4 h over a 24 h period, starting
at 09 00. During the period 09 00-21 00,
when the patients were awake and mobile,
they lay down for 30 min before a blood sample
was taken. Measurements were also made of
plasma cortisol, a hormone with a known cir-
cadian pattern, so that the 24 h curve could be
compared with that of ANF.

Plasma ANF was measured by radioim-
munoassay (Amersham) and expressed in
fmol/ml. We applied the procedure without
extraction, since preliminary experiments with
the use of columns gave ANF concentrations
similar to those obtained without extraction
for samples with concentrations below 640
fmol/ml, while the coefficients of variation
were lower without extraction. The coeffi-
cients of variation were around 15%.
Serum cortisol was also measured by

radioimmunoassay (Sorin Biomedica). The
within and between assay coefficients of varia-
tion were below 10%. Concentrations were
expressed in ng/ml.

STATISTICAL ANALYSIS
We used repeated measures analysis of vari-
ance to search for possible effects of pacing
mode and time on the concentrations of
plasma ANF and cortisol. When a pacing
effect was found, the mean values of the six
measurements for VVI and DDD modes were
compared. In the case of a significant time
effect, the concentrations at each time point
were compared to the mean of the six mea-
surements in order to identify the acrophases
of the variation, taking as significance level
P < 0-008 (Bonferroni correction).

Results
The table shows the mean values of plasma
ANF and cortisol in samples taken every 4 h
during VVI and DDD pacing in crossover

design, with 24 h (group A) and two month
(group B) duration of each pacing mode.

In the patients in group A, who were paced
for 24 h in each pacing mode, the ANF con-
centrations were higher under VVI mode than
under DDD mode only at certain times, and
no significant overall pacing effect was found
(F = 1-72, P = 0 20). A clear pacing effect
was found in the second group of patients (F
= 6-07, P = 0-025), where the patients were
paced for two months before measurements in
each mode.
No time effect was found in either group of

patients for ANF (table) under either VVI or
DDD pacing mode. In contrast, plasma cortisol
showed a significant fall at 17-00, 21-00, and
0100 and an increase at 05 00 and 09 00,
compared with the mean value for the day,
under both pacing modes (figure). This
showed that cortisol follows its known circa-
dian pattern in paced patients, and it con-
firmed the reliability of the methods
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Circadian patterns ofplasma atrial natriuretic factor
(ANF) and cortisol during VVI pacing (empty circles)
andDDD pacing (filed circles) in group B. Values are
means with SEMfrom nine patients.
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employed. There was no significant difference
between VVI and DDD pacing as regards the
level of plasma cortisol.

Discussion
The principal focus of this study was the
assessment of the levels ofANF over a 24 hour
period during VVI and DDD pacing, to deter-
mine whether this peptide follows a circadian
variation in paced patients. Previous studies
have examined the same possibility in normal
individuals without, however, establishing def-
initely whether ANF concentrations show the
circadian distribution found in other hor-
mones.-6 A second aim of the study was the
investigation of the difference in ANF concen-
trations under VVI and DDD pacing, not
merely over a short time interval as in earlier
studies, but over a complete 24 hour period
for both pacing modes.
Our findings showed that there is no circa-

dian pattern to the variations in ANF concen-
trations, either in patients who are paced for a
short period (group A) or in those who are
paced for a longer time (group B). The succes-
sive measurements of ANF in our study,
under stable conditions, confirmed this, since
none of the six measurements obtained in each
pacing mode differed significantly from the
others. In contrast, cortisol showed the same
circadian pattern that it is known to occur in
normal individuals. This difference supports
the view that ANF has a pulsational pattern of
secretion throughout the 24 hour period, with-
out following any clear circadian variation.
The second observation of this study was

that ANF concentrations were higher during
VVI pacing than during DDD pacing, as con-
firmed by multiple measurements made over a
24 hour period. It is interesting that, in the
patients who were paced for only a short
period before the start of the measurements,
this difference reached statistical significance
only at 1700, 21-00, and 01.00, while in those
who had been paced for two months the differ-
ence was significant for the whole 24 hour
period. This can be attributed to the fact that a
longer period of pacing, together with the
haemodynamic changes caused by VVI pac-
ing, may lead to the development of adaptive
mechanisms in which ANF plays a part. In
combination with the known role of the pep-
tide in waler and electrolyte homeostasis, this
emphasises the "physiological" character of
atrioventricular pacing, as well as proving that
dual chamber pacing contributes to an
improvement not only in cardiac haemody-
namics but also in the neuroendocrine system.
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