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Resetting of Baroreflex Sensitivity afier Induced Hypotension

Richard Y. Z. Chen, M.D.,* Richard S. Matteo, M.D.,t Foun-Chung Fan, M.D.,%
George B. Schuessler, Ph.D.,t Shu Chien, M.D., Ph.D.§

The effect of sodium nitroprusside (SNP)-induced hypotension on
the sensitivity of the baroreflex was studied in 11 informed patients
anesthetized with morphine (M) or halothane (H). Pac,, was con-
trolled at 28 to 32 mmHg with a respirator. Baroreflex sensitivity
was assessed with a depressor test using a small dose of SNP (4-6
ug/kg, iv) to decrease the systolic pressure (SP) rapidly by about 30
mmHg. The slope of the regression line (in ms/mmHg) relating SP
and the succeeding pulse interval (P, R-R interval) was used as an
index for the sensitivity of baroreflex control of heart rate. In control
measurements, SP-PI slopes were 6.4 ms/mmHg for the morphine
group and 3.2 ms/mmHg for the halothane group, indicating that
baroreflex sensitivity is greater during morphine than during halo-
thane anesthesia. This diffference in baroreflex sensitivity might ex-
plain the differences in dose requirements for SNP in patients anes-
thetized with either morphine or halothane. Following a control test,
SNP was infused at a rate adjusted to maintain the mean arterial
pressure between 55 and 60 mmHg. The duration of hypotension
was in accordance with surgical needs. SNP infusion was then dis-
continued and SP was allowed to recover spontaneously. When SP
recovered to its control level, PI was significantly prolonged by 18
per cent in patients anesthetized with morphine and by 13 per cent
in those anesthetized with halothane over the respective control val-
ues. Immediately after the recovery of SP following the discontin-
uation of SNP infusion, another baroreflex sensitivity test was made;
the SP-PI slopes increased markedly by 105 per cent in patients
anesthetized with morphine and by 179 per cent in those with halo-
thane over the respective control values, indicating a resetting of the
baroreflex. These changes may have significant implications in he-
modynamic adjustments following induced hypotension in patients
during general anesthesia. (Key words: Anesthetics, intravenous:
morphine. Anesthetics, volatile: halothane. Anesthetic techniques:
hypotensive; nitroprusside. Blood pressure: control. Reflexes: baro-
receptor.

HYPOTENSION induced with sodium nitroprusside (SNP)
infusion has been commonly used clinically during gen-
eral anesthesia to facilitate the surgical procedure and
to reduce blood loss.'? Since the baroreceptor reflex is
a rapidly acting pressure control mechanism which coun-
teracts acute alterations in arterial pressure,® it may serve
as a physiologic antagonist to the induced hypotension.
The baroreceptor reflex, however, characteristically shows
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an adaptation phenomenon when exposed to a different
pressure level. Persistent hypertension associated with
a resetting of the baroreflex functions has been repeatedly
shown both in humans®® and in laboratory animals.”
Recently, it also has been demonstrated in rats that the
threshold pressure required to produce firing of the baro-
receptors is progressively lowered during a 6-h period
of moderate hemorrhagic hypotension.'® Induced hypo-
tension utilized clinically also may alter baroreflex func-
tions. There is, however, a lack of information in this
regard. The present investigation was undertaken to
study the effect of induced hypotension on the sensitivity
of baroreflex control of heart rate in humans during
morphine and halothane anesthesia.

Methods

Studies were conducted on 15 patients ranging in age
from 20 to 50 years. Eleven patients were to undergo
lumbar laminectomies with spinal fusion or intracranial
anecurysm surgery in which the use of deliberate hypo-
tension had been planned. To evaluate the effect of a
prolonged period of anesthesia on the baroreflex function,
four other patients undergoing craniotomies without in-
duced hypotension also were studied. None of these pa-
tients had a previous history of cardiovascular disorders.
Informed consent regarding the nature and risks of the
study, which had been approved by the Institutional
Review Board, was obtained from each patient. Mor-
phine (0.1 mg/kg) and secobarbital (1.5 mg/kg) were
administered intramuscularly about 1.5 h prior to the
induction of general anesthesia. Atropine and scopol-
amine were excluded from the premedication regimen.

In all patients, general anesthesia was induced with
an intravenous injection of thiopental (4 mg/kg) followed
by succinylcholine (1 mg/kg) to facilitate endotracheal
intubation. Metocurine (0.3 mg/kg) was administered
intravenously for muscle relaxation. Paco, was controlled
at 28-32 torr with intermittent positive pressure venti-
lation. Anesthesia was maintained with morphine (0.5
mg/kg), diazepam (10 mg), and N,O (60 per cent) in
five patients (group M) and with halothane (0.5-1 per
cent, inspired concentration) in N;O (60 per cent) in the
other ten patients (group H). Halothane was delivered
from a calibrated halothane vaporizer (Dréger-Vapor,
Drigerweck-AG-Liubeck, Liibeck, Germany). The ra-
dial artery was cannulated, and the arterial pressure was
measured with the use of a Statham pressure transducer.
The airway pressure was monitored through a side-arm
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from the ECG tracing). The heart beats
falling in the inspiratory phase are ex-
cluded.
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connector to the endotracheal tube. Arterial pressure,
electrocardiogram (ECG) and airway pressure were re-
corded simultaneously on a polygraph recorder (Model
7, Grass Instrument Company, Quincy, Massachusetts).
The blood gas tensions were determined on freshly drawn
arterial blood samples with a blood gas analyzer (Model
IL 813, Instrumentation Laboratory, Lexington, Mas-
sachusetts).

Induced hypotension with sodium nitroprusside (SNP)
infusion usually started 2 to 3 h following the induction
of anesthesia. During this period, the anesthetic require-
ment for each patient was carefully determined so as to
maintain the resting arterial pressure and to minimize
any increase of blood pressure due to surgical stimula-
tion. Halothane was administered at the same inspired
concentration throughout the hypotension period. For
those anesthetized with morphine, a dose of morphine
(1-2 mg) was administered intravenously at regular in-
tervals (usually 15 to 20 min, as determined prior to
induced hypotension) during the hypotension period.
Blood loss was replaced with whole blood or an albumin
solution. At the beginning of induced hypotension, SNP
(approximately 4-6 pg/kg) was rapidly infused to pro-
duce a modest decrease in systolic pressure by about 30~
50 mmHg within 20 to 30 s. This served as a control
depressor test for the sensitivity of the baroreflex control
of heart rate. The infusion of SNP was then adjusted
to a rate sufficient to maintain the mean arterial pressure
between 55 and 60 mmHg. The duration of hypotension
was generally determined by surgical needs. However,
efforts were made to limit the total dose of SNP to about
1.5 mg/kg for each patient in order to avoid SNP tox-
icity."" At the conclusion of the hypotension procedure,
the SNP infusion was discontinued and the arterial pres-

sure was allowed to recover spontaneously to the pre-
hypotension level (usually in 3 to 4 min). The sensitivity
of the baroreflex was then tested once more with a rapid
infusion of SNP (4-6 ug/kg) to produce a fall in systolic
pressure of about 30 mmHg.

During the period of hypotension, the SNP infusion
rate was increased progressively in order to maintain a
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FiG. 2. Correlation of systolic pressure with its succeeding pulse
interval in one subject during morphine anesthesia. Solid circles with
solid line depict those heart beats taken during the pre-hypotension
control depressor test. Open circles with dashed line depict those heart
beats taken during the post-hypotension depressor test. The shaded
areas indicate 95 per cent confidence limits of the regression lines with
the least square method.

20z ludy Q1 uo 3senb Aq ypd°20000-0001 0286 1-Z¥S0000/879E0E/6Z/1/95/sPd-0l011E/ABOjOISBYISBUE/LIOD JIBYDIBA|IS ZESE//:d)Y WL papeojumoq



Anesthesiology
V 56, No 1, Jan 1982

RESETTING BAROREFLEX AND INDUCED HYPOTENSION 31

TasLE 1. Hemodynamic Variables and Baroreflex Sensitivity in Patients Undergoing Halothane Anesthesia
without Nitroprusside-induced Hypotension

Hemodynamic Variables Immediately Prior
Halothane to the Control “I'est Barorellex Sensitivity
Inspired

Age Time Concentration Systolic Pressure Pulse fnterval SP-PI Slope

Subject (yr) (min) (per cent) (mmkHg) (ms) (ms/mmkHg)
A 24 0 0.5 115 770 2.5
30 0.5 120 735 2.8
B 32 0 1.0 106 760 .0
15 1.0 112 747 1.0
C 41 0 0.5 110 725 2.2
30 0.5 116 732 2.1

60 0.5 108 730

D 50 0 0.5 120 935 1.3
45 0.5 110 1020 2.0

relatively constant blood pressure. The total dose of SNP
infused was determined at the end of the hypotension
procedure and the average infusion rate over the period
of hypotension was calculated. For the four patients not
subjected to induced hypotension, a control depressor test
(with 4-6 ug/kg SNP) was performed about 2 h follow-
ing the induction of anesthesia. The depressor test was
repeated at various intervals after the control test while
maintaining the same inspired concentration of halo-
thane.

The sensitivity of the baroreflex control of heart rate
was assessed by evaluating the quantitative relationship
between systolic pressure and the succeeding pulse in-
terval (taken from the R-R interval on the ECG tracing)
on a beat-to-beat basis during the phase of decreasing
pressure.'? Those pulse intervals falling on the inspira-
tory phase were excluded in order to avoid possible sinus
arrhythmia effects related to respiration.

The statistical significance between the paired and
unpaired data was evaluated by Student’s ¢ test.

Results

During the depressor test, arterial pressure decreased
rapidly and the pulse interval shortened concomitantly
following the infusion of SNP (4-6 ug/kg). An example
of the changes in these variables during the SNP de-
pressor test is shown in fig. 1. Correlation of the systolic
pressure (SP) with its succeeding pulse interval (PI)
shows a linear relationship between these two parameters
in cach of the depressor tests. Figure 2 shows the results
of the depressor tests obtained from a patient during
morphine anesthesia. The slope of the SP-PI regression
line in the post-SNP test was 5.98 + 0,73 (ms/mmHg,
at 95 per cent confidence level) as compared with 3.86
= 0.74 (ms/mmHg, at 95 per cent confidence level) in
the pre-SNP test. The difference between these two

slopes was statistically significant (# < 0.005). The cor-
relation coefficients for all regression lines obtained in
the present study were greater than 0.90. The slope of
the SP-PI regression line (in ms/mmHg) is used as an
index of the sensitivity of baroreflex control of heart rate.

The effects of the duration of halothane anesthesia on
baroreflex sensitivity are shown in table 1. The control
depressor test (designated as time zero) was performed
about 2 h after the induction of anesthesia. In each pa-
tient, the systolic pressure and pulse interval were main-
tained relatively constant with a constant inspired con-
centration of halothane. Repeated depressor tests at
various intervals following the control test showed that
the baroreflex sensitivity remained essentially unchanged
during a constant level of anesthesia.

In patients undergoing induced hypotension, the pulse
interval immediately prior to the control depressor test
(pre-SNP) was comparable between those patients anes-
thetized with either morphine or halothane (table 2); the
pre-SNP systolic pressure, however, was significantly
greater during morphine anesthesia (117 + 6 mmHg)
than that during halothane (110 = 2 mmHg). The bar-
oreflex sensitivity, as indicated by the slope of SP-PI
regression line, was substantially greater in those patients
anesthetized with morphine (6.4 + 2.1 ms/mmHg)
than those anesthetized with halothane 3.2%x1.0
ms/mmHg).

Following the control test in each patient, the SNP
infusion rate was adjusted to maintain the systolic pres-
sure at about 70-80 mmHg (mean arterial pressure
about 55-60 mmHg). There were wide variations in the
duration of induced hypotension and the SNP dose re-
quirements among all patients studied. During hypoten-
sion, the infusion rate of SNP usually had to be increased
in order to maintain a given level of hypotension, and
the pulse interval tended to recover from the initial short-
ening despite a relatively constant arterial pressure. An
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example of such changes in SNP dose requirement and
pulse interval during the entire course of induced hy-
potension in a patient anesthetized with halothane (0.5
per cent, inspired concentration) is illustrated in fig. 3.
The SNP infusion rate was increased progressively from
75 ug/min to 500 pg/min during the first 40 min and
leveled at approximately 500 ug/min for the remaining
period of induced hypotension. Although the systolic
pressure was maintained relatively constant at 70-80
mmHg for the 60-min period of induced hypotension,
the pulse interval showed a trend to recover about 15
min after the induction of hypotension. Similar tenden-
cies of changes in pulse interval and SNP infusion rate
were observed in all patients. The duration of hypoten-
sion (table 2) was significantly longer in patients anes-
thetized with halothane (93.5 = 18.1 min) than those
with morphine (46.8 = 16.6 min). The average dose of
SNP required to maintain the same level of hypotension
was greater in patients anesthetized with morphine
(9.6 = 2.0 pg-min~' - kg™') than those anesthetized with
halothane (6.6 + 1.1 ug+min™'-kg™").

After the termination of SNP infusion, systolic pres-
sure recovered spontaneously to its prehypotension level
in approximately 3 to 4 min. At an arterial pressure
comparable to that in the control (pre-SNP), the pulse
interval was significantly prolonged after induced hy-
potension (post-SNP) in both groups of patients (Table
2). The post-SNP pulse intervals were increased by
about 18 * 5 (mean = SEM) per cent in patients anes-
thetized with morphine and 13 = 4 per cent in those
anesthetized with halothane over the respective pre-SNP
control values (table 2). The response of pulse interval
to an acute reduction in systolic pressure caused by an-
other testing dose (4-6 ug/kg) of SNP also was markedly
increased following the induced hypotension procedure
in both groups of patients. Thus, the post-SNP SP-PI
slope increased by 105 * 32 (mean * SEM) per cent
in patients anesthetized with morphine and by 179
+ 42 per cent in those with halothane as compared with
the respective control tests. The percentage changes of
the SP-PI slope following induced hypotension was
found to be significantly greater during halothane than
that during morphine anesthesia.

None of the patients studied experienced any adverse
effect from SNP. The arterial blood gas tensions and pH
values were similar in both groups of patients during
either morphine or halothane anesthesia before the hy-
potension procedure. The mean Pay, was 150+ 2
(=SEM) mmHg, Paco, was 29 =+ 1 mmHg and arterial
pPH was 7.45 £ 0.05 for all patients during the control
measurements. After various periods of induced hypo-
tension, there was no alterations in arterial blood gas
tensions and pH values in all patients during both forms
of anesthesia.
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F1G. 3. Pulse interval (upper pancl), systolic pressure (middle panel)
and dose of SNP infusion (lower panel) during induced hypotension
in one subject during halothane (0.5 per cent inspired concentration)
anesthesia. The square symbols indicate the time when the depressor
tests were performed.

Discussion

Sodium nitroprusside (SNP) is a potent vasodilator
which causes arterial hypotension by relaxing vascular
smooth muscle and reducing peripheral vascular resis-
tance. Reflex tachycardia associated with SNP-induced
hypotension has been repeatedly demonstrated in dogs"
and in humans." In the present study, the sensitivity of
the baroreflex control of heart rate was assessed by a
depressor test correlating the systolic pressure with the
succeeding pulse interval during the phase of decreasing
pressure following the administration of a small dose of
SNP (4-6 pg/kg). This approach is based on the same
principle as the pressor test which has been utilized for
determining baroreflex sensitivity in human subjects with
the use of phenylephrine or angiotensin Il-induced hy-
pertension.'> The baroreflex control of heart rate also
has been studied using other vasodilating agents, ¢.g.,
amyl nitrite and nitroglycerin."*'* It is worth noting that
the baroreflex sensitivity determined by these methods
reflects the overall activity of carotid sinus and aortic
baroreceptor reflex pathways.

It has been demonstrated that halothane decreases the
sensitivity of the baroreceptor reflex.'®'® The present
results from baroreflex sensitivity during halothane and
nitrous oxide (N,O) anesthesia are in agreement with
those of previous reports.' In the present study, baro-
reflex sensitivity was found to be greater in patients anes-
thetized with morphine-N,O-metocurine than those with
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halothane-N,O-metocurine (table 2). The relative hy-
potension found in patients during halothane anesthesia
as compared with the systolic pressure found during
morphine anesthesia was not associated with shorter
pulse intervals. This may reflect the differences in baro-
reflex sensitivity during these two forms of anesthesia
and/or a direct depression of the sinoatrial node by halo-
thane.” The finding that the baroreceptor reflex is more
active during morphine than during halothane anesthesia
might explain why greater doses of SNP are required
to induce a given level of hypotension during morphine
anesthesia. The differences in the dose requirement ol
SNP between patients anesthetized with these two lorms
of anesthesia in the present study were compared in terms
of the average dose administered during the entire period
of induced hypotension. Since the duration of hypoten-
sion was significantly shorter in patients anesthetized
with morphine and the dose requirement usually in-
creased with time, the dosage of SNP required in these
patients would have been even greater if the induced
hypotension had been for the same duration as in those
ancsthetized with halothane. Halothane is known to de-
press myocardial contractility and decrease peripheral
vascular resistance which may also facilitate SNP-in-
duced hypotension and reduce the dose requirement.?

In the control studies without induced hypotension,
the baroreflex sensitivity remained relatively constant
after varying periods of anesthesia (table 1). Therefore,
the observed changes in baroreflex sensitivity can not be
attributable to the prolonged period of anesthesia.
Rather, the results indicate that there is a resetting of
baroreflex sensitivity following SNP-induced hypoten-
sion. Similar changes in baroreflex sensitivity have been
reported in experimental animals following hemorrhagic
hypotension. Thus, Glaviano and Yo?! showed that after
a short period (5-30 min) of hemorrhagic hypotension
(mean arterial pressure of 40 mmklg) in dogs, the degree
of vasoconstriction in response to carotid occlusion was
greatly increased. Following a longer period of hemor-
rhagic shock, on the other hand, the barorefiex function
was depressed,?' which may have been related to the
severe metabolic acidosis and a profound hypocapnia.®
In the present study, hypotension was induced phar-
macologically with SNP and the arterial blood gases re-
mained constant throughout the period of hypotension.
The finding of an increased baroreflex sensitivity follow-
ing SNP-induced hypotension agrees with that observed
after a short period of hemorrhagic hypotension without
significant metabolic derangement.?'

The mechanisms responsible for the resetting of the
baroreceptor reflex following induced hypotension in
humans are not clearly understood and can only be spec-
ulated and deduced from available data obtained in an-
imal studies at the present time. An adaptation of carotid
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sinus and aortic baroreceptors to sustained hemorrhagic
hypotension has been demonstrated in rats.'” The ad-
aptation process ol peripheral baroreceptors was found
to be progressive during a 6-h period of hypotension.
This agrees with our observation that the pulse interval
tended to recover toward the control values during hy-
potension while the systolic pressure was maintained
rclatively constant (fig. 3). Therefore, the resetting of
baroreflex sensitivity after induced hypotension might be
attributable to adaptation at the receptor sites. With
electric stimulation of the carotid sinus nerve, Seller and
Illert* also have shown in cats that an adaptation of the
baroreceptor reflex can occur centrally at the nucleus
tractus solitarii (N'TS) within the central synaptic path-
way of the baroreflex arc. The time required for this
adaptation of synaptic pathway was found to be within
1 min and the degree of adaptation increased with in-
creasing stimulation frequency. Stimulation of certain
regions of the central nervous system, e.g., the amygdala
or the preoptic, septal, and anterior regions of the hy-
pothalamus, have been shown to facilitate the response
evoked from the carotid and aortic baroreceptors.?**The
involvement of higher centers in the brain in the resetting
of baroreflex sensitivity cannot be excluded in the present
investigation. The difference in the increase of baroreflex
sensitivity found between morphine and halothane anes-
thesia (table 2) suggests that anesthetics also may modify
the resetting process.

Although recovery of the reset baroreflex sensitivity
following induced hypotension was not studied in the
present investigation, there is evidence indicating that the
resetting of baroreflex sensitivity is reversible and the
process of readaptation of the baroreceptors after re-
turning to normotensive state requires several hours.?
Upon termination of induced hypotension, arterial pres-
sure recovered quickly to the prehypotension control level
in 3-4 min. This post-hypotensive pressure level might
then be interpreted by the central neurons, which were
still adapted to the hypotensive level, as a change toward
a hypertensive level. As a result, the same arterial pres-
sure as the control level was accompanied by a relative
bradycardia.

Resistance to SNP has been observed during SNP-
induced hypotension.'"” This phenomenon has been at-
tributed to the elevation of plasma renin activity and
catecholamine levels.?** The present results of increased
baroreflex sensitivity provide an additional mechanistic
explanation for the resistance to SNP during deliberate
hypotension. Thus, the clevated baroreflex sensitivity
causes an enhancement of sympathetic activity to coun-
teract the hypotension induced by SNP infusion, and a
larger dose of SNP would then be required to maintain
the same degree of hypotension.

In summary, the present study indicates that deliberate
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hypotension causes a resetting ol baroreflex [unction.
When the arterial pressure has recovered to the pre-hy-
potension level at the end of the induced hypotension
procedure, the pulse interval is substantially prolonged
and the sensitivity of baroreflex control of heart rate is
significantly increased. These changes may have signif-
icant implications in hemodynamic adjustments follow-
ing induced hypotension in patients during general anes-
thesia.
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