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Alterations in heart rate and blood pressure (BP)
may occur in patients receiving psychiatric
medication. Twenty-four–hour ambulatory blood
pressure (ABP) monitoring was compared with
nurses’ conventional vital signs (CVS) for systolic
(SBP) and diastolic (DBP) and heart rate (HR)
measurements in psychiatric inpatients receiving
multidrug treatments. Twelve consecutive subjects
were enrolled. ABP monitoring and CVS
measurements were concurrent but independent in
each subject. Ambulatory BP monitoring recorded
SBP, DBP, and HR thrice hourly from 6:00 AM to
10:00 PM and once hourly between 10:00 PM and 6:00
AM; CVS were obtained an average of 3.6 times/24
h. The frequency with which each BP and HR
measurement method detected Level-1 (SBP 90 to
100 or 180 to 209 mm Hg; DBP 40 to 60 or 110 to
119 mm Hg; HR 50 to 60 or 110 to 119 beats/min) or
Level-2 (SBP < 90 or > 210 mm Hg; DBP < 40

or > 120 mm Hg; HR < 50 or > 120 beats/min)
events was determined, and disagreements
between the two measurement systems were
analyzed using the McNemar test for paired
sample data. Ambulatory BP monitoring detected
significantly more Level-1 and Level-2 events than
CVS. A significant number of mostly low BP were
documented by ABP monitoring and were
undetected by the CVS obtained by the nursing
staff. This finding may be of clinical relevance in
view of the potential hemodynamic consequences
of hypotension, especially in older patients
receiving psychotropic multidrug treatment.
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The ambulatory blood pressure (ABP) moni-
tor provides accurate measurements of he-
modynamic vital signs during periods of ac-
tivity and rest during daylight hours or dur-

ing sleep. In comparison with the conventional vital
sign (CVS) measurement methods, the ABP monitor
has the advantage of recording consistently objective

data, free from bias and the ‘‘white coat’’ effect. An
increasing number of publications testify to the use-
fulness of the ABP monitor in hemodynamic research
investigations.1–5 In spite of these advantages, the clin-
ical utility of the ABP monitor in comparison with
CVS measurement methods for the investigation of
the hemodynamic side effects of psychiatric medica-
tion has not been established.

Adverse cardiovascular effects, such as orthostatic
hypotension, are often associated with antipsychotic
medications.6 These occur because, in addition to do-
paminergic blockade, antipsychotic medications may
block other receptors such as the a1-adrenergic recep-
tor, and contribute to orthostatic hypotension.7 More-

Received June 11, 1997. Accepted October 13, 1997.
From the Departments of Psychiatry and Medicine, University of

Pennsylvania School of Medicine, Philadelphia, Pennsylvania.
Address correspondence and reprint requests to Raymond R.

Townsend, MD, University of Pennsylvania, 9040 Gates Building,
3400 Spruce Street, Philadelphia, PA 19104.

AJH 1998;11:309–315

© 1998 by the American Journal of Hypertension, Ltd. 0895-7061/98/$19.00
Published by Elsevier Science, Inc. PII S0895-7061(97)00462-7

D
ow

nloaded from
 https://academ

ic.oup.com
/ajh/article/11/3/309/109911 by guest on 16 M

ay 2023



over, the anticholinergic side effects of low-potency
antipsychotics (such as thioridazine, pimozide, or
clozapine) can cause tachycardia and other arrhyth-
mias, resulting in orthostatic blood pressure (BP)
changes.8,9 These side effects are more prominent in
the elderly, in whom the incidence of orthostatic hy-
potension associated with neuroleptics was 41% in the
first 3 days of treatment.10 The clinical importance of
orthostatic hypotension includes secondary complica-
tions such as injuries and fractures when patients fall.

The interaction of psychotropic drugs with various
other therapeutic agents can lead to attenuation or
enhancement of the pharmacologic actions or adverse
effects (including abnormal BP) induced by either or
both drugs.11 Hypertension is common in patients
with psychiatric illness, and a substantial number of
patients receive concurrent therapy with antihyper-
tensives and antipsychotics. Although neuroleptics
may reduce the efficacy of some antihypertensives,
resulting in an increase in BP, the most common in-
teraction is further BP reduction, which can be severe
and lead to syncope, such as occurs with the concur-
rent use of enalapril and clozapine.12 The most com-
mon cardiovascular effect of tricyclic antidepressants
is postural hypotension, which again represents a se-
rious clinical consideration in older patients because
of falls and injuries13; newer antidepressant medica-
tions appear to have less potential for such side effects.
Postural BP falls (often . 20 mm Hg SBP) occur far
below the therapeutic plasma level of the drug, and
remain constant as the dose is increased.14,15 Although
a difference . 10 to 15 mm Hg between the pretreat-
ment lying and standing SBP can identify patients at
higher risk for postural hypotension,14,16 this is often
not done in the routine care of these patients.

The purpose of this study was to investigate
whether a 24-h ABP monitor was more efficient than
CVS measurements to detect potentially serious
changes in BP and HR in psychiatric inpatients receiv-
ing psychotherapeutic medications administered
alone or in combination with other drugs.

METHODS

Subjects Subjects were psychiatric inpatients re-
ferred by their treating psychiatrists in the hospital.
Eligible subjects participated on a volunteer (nonpay-
ing) basis, and signed a written consent form ap-
proved by the Committee on Studies Involving Hu-
man Subjects of the University of Pennsylvania. Sub-
jects were excluded if they were , 18 years old, unable
to tolerate ambulatory monitoring for 24 h, incompe-
tent to understand the consent form, had a difference
in sitting BP between the two arms . 20 mm Hg
(systolic) or 15 mm Hg (diastolic), or had uncontrolled
hypertension at baseline.

Sample Population Subjects were enrolled consecu-
tively until the predetermined sample limit of 12 was
reached. Subjects referred for monitoring were
thought to be at risk for hemodynamic side effects of
psychoactive drugs, when administered alone or in
combination with other categories of drugs.

Procedure The ABP monitor (Spacelabs 90207;
SpaceLabs Medical, Redmond, WA) was placed on the
nondominant arm of the participant. The other arm
remained available for conventional vital sign mea-
surements by nurses and physicians. The monitor was
programmed to obtain readings every 20 min during
the day (6:00 am to 10:00 pm) and every 60 min during
the night (10:00 pm to 6:00 am), in accordance with
standard recommendations for use of the device. The
only restriction placed on the staff was to avoid infla-
tion of a regular cuff at the same time as the monitor
was taking a recording. There was no attempt to con-
trol the schedule of routine measurements by staff.
The nurses followed the usual hospital procedures for
care of patients on drugs with known potential for
side effects. The treating psychiatrists remained free to
order additional BP and pulse measurements or med-
ication if they deemed this necessary.

The criterion used for comparing the two measure-
ment systems was the success of detection of minimal
and maximal levels of BP and HR within ranges con-
sidered to be potentially serious during daytime and
nighttime. Before the study began, BP and HR values
were stratified into two levels of clinical relevance.
The numerical boundaries for the two abnormal levels
(Level 1 and Level 2) were established on the basis of
a preliminary survey among physicians dealing with
cardiovascular emergencies. The BP and HR values of
Level 1 are just low (or high) enough to alert the
clinician that a corrective action could become neces-
sary. The vital signs criteria of Level 2 were so low (or
high), that, under appropriate circumstances, they
could be interpreted as an indication for corrective
intervention. Table 1 presents ranges for Level-1 and
Level-2 events.

Data The statistical approach focused on determin-
ing whether the two methods of measurement were

TABLE 1. DEFINITIONS OF LEVEL-1
AND LEVEL-2 VALUES

Systolic BP
(mm Hg)

Diastolic BP
(mm Hg)

Heart Rate
(beats/min)

Level-1
Minimum 90–100 40–60 50–60
Maximum 180–209 110–119 110–119

Level-2
Minimum , 90 , 40 , 50
Maximum $ 210 $ 120 $ 120
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successful in detecting Level-1 and Level-2 events in
each of the assessment periods: daytime and night-
time. The data collected from the paired samples (one
from each concurrently running system of measure-
ment) were dichotomous, ie, having only two possible
values, 1 or 2, reflecting either a yes or no answer to
the question of whether the measurement method did
or did not detect BP or HR values in the range of either
Level-1 or Level-2. There were four possible outcomes:
1) both methods detected Level-1 or Level-2 values; 2)
neither of the two methods detected Level-1 or Level-2
values; 3) the ABP monitor but not the CVS measure-
ment detected Level-1 or Level-2 values; and 4) the
CVS measurement but not the ABP monitor detected
Level-1 or Level-2 values.

We assumed a null hypothesis (HO) that the pro-
portion of Level-1 and Level-2 events detected by the
monitor would be the same as by conventional nurs-
ing measurements. The alternative hypotheses (H1)
was that one method is superior to the other (two-
tailed test). The McNemar test for paired-sample nom-
inal scale data was chosen to evaluate the data. Statis-
tical significance was established by obtaining a P ,
.05. The statistical significance of differences in the
average of the lowest and the highest values for all
three vital signs (SBP, DBP, and HR) recorded by the
CVS and ABP monitor methods were compared using
a two-tailed paired t-test.

RESULTS

Of 13 consecutively referred subjects studied in this
protocol, one subject did not tolerate wearing the
monitor and the results on the remaining 12 individ-
uals are presented. Two of the 12 subjects had , 24 h
of ABPM recording time (one subject 5 7 h, one sub-
ject 5 15 h) but were included, although they could
have been excluded without altering the results. In
general, the ABP monitor was well tolerated, and the
discomfort associated with wearing it (mild irritation
of the cuff site, a feeling of tightness from the cuff, or
numbness and tingling in the hand or fingers when
the cuff inflated) was minimal.

The subject characteristics are presented in Table 2.
The average age of the subjects was 41 years. Half the
subjects were women and half were black.

Conventional vital signs were obtained an average
of 2.6 6 1.7 times per day, and 1.0 6 0.4 times per
night, with an average of 3.6 6 1.9 times/24 h
(mean 6 SD). The average recording duration of the
ABPM was 22.9 6 5.9 h, resulting in 50 6 8 daytime
values, 6 6 3 nighttime values, and a total of 57 6 10
values per subject.

Detection of Level-1 and Level-2 Events Figure 1
shows detection frequencies for Level-1 events. There
was one patient in whom the CVS method detected
a Level-1 event for a maximal level of pulse and DBP
at night, whereas the monitor did not. In all other
situations (33 episodes of Level 1 in 11 patients),
where there was a disagreement between the CVS
method and the ABP monitor, it was because a Level-1
event was detected by the monitor and not by the
CVS measurements. Despite the small sample size,
the differences between ABP monitor and CVS meth-
ods reached significance for six parameters during
the day (Figure 1). At night, the difference in Level-1
event detection was significant for two parameters
(Figure 1).

Detection frequencies for Level-2 events are shown
in Figure 2. Thirteen episodes of Level-2 events were
recorded in eight patients by the monitor, whereas
none were recorded by CVS measurement. This dis-
agreement reached significance when the monitor de-
tected Level 2 for any of the three hemodynamic vital
signs (SBP, DBP, HR) at night in six patients, whereas
the CVS method did not, for a two-tailed binomial
probability of .03.

For each of these three vital signs, the group aver-
ages of the minimal and maximal values recorded by
CVS measurements were compared with the corre-
sponding averages of minimal and maximal values
obtained by the ABP monitor as shown in Table 3.
These indicate that significant differences between the
two methods are not due to errors of calibration. If this
were so, the values of one of the methods would be
consistently lower than the other throughout the table.
Instead, the monitor is significantly lower than con-
ventional measurements when minimal values of each
are compared, and significantly the higher of the two
when comparison involves maximal values. Thus it
appears that the ABP monitor detects more extreme
values more frequently.

DISCUSSION

These results indicate that some patients on psycho-
tropic medication experience episodes of mostly low
BP or HR, which are largely undetected by conven-
tional methods of vital sign measurement (usually
obtained at a much lower frequency for practical rea-
sons). The subjects did not complain of symptoms that
accompany such cardiovascular abnormalities, as re-

TABLE 2. SUBJECT CHARACTERISTICS

Age (years) 41 6 17
Men/women 6/6
Black/white 6/6
Number taking antipsychotics 9
Number taking tricyclic antidepressants 6
Number taking any antihypertensives 5

Mean 6 SD where appropriate.
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corded by the nurses’ notes. It may be that the lack of
complaints resulted from the decrease in perceptual
abilities caused by the psychotropic agents (eg, drows-
iness, low arousal, lack of anxiety, analgesia). This
would make frequent objective monitoring of any
kind even more necessary in this type of patient. Be-
cause hemodynamic fluctuations tend to be episodic

rather than continuous, ABPM could be useful for the
determination of a safe frequency of conventional vital
sign measurements in hospitalized patients on medi-
cation, especially those receiving multidrug treatment.

Our results also show that the ABPM was more
likely to detect hemodynamic alterations in sub-
jects receiving psychotropic drugs than the con-

FIGURE 1. Frequencies of Level-1 (min. or max.) values of systolic (SBP) and diastolic (DBP) blood pressure and heart rate (HR)
(or ANY of the three) undetected (2) or detected (1) by conventional vital sign measurements (CVS) or by the ABP monitor (ABPM).
P values are below each 2 3 2 table. *P 5 exact binomial probability for the McNemar test for paired-sample data. NS, nonsignificant.
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ventional measurements of routine hospital care.
This was evident for Level-1 events, during both
day and night, and for the more serious Level-2
events only during the night. We suspect that, in a
larger sample, the superiority of the monitor over
conventional measurements in detection of a Lev-

el-2 event during the day would also reach statisti-
cal significance.

The number of patients showing abnormal values
by either method of measurement is thought-provok-
ing. During the daytime all 12 patients (100%) experi-
enced a Level-1 event. At night, the corresponding

FIGURE 2. Frequencies of Level-2 (min. and max.) values of systolic (SBP) and diastolic (DBP) blood pressure and heart rate (HR)
(or ANY of the three) undetected (2) or detected (1) by conventional vital sign measurements (CVS) or by the ABP monitor (ABPM).
P values are below each 2 3 2 table. *P 5 exact binomial probability for the McNemar test for paired-sample data. NS, nonsignificant.
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number was 10 patients (83%). Six patients experi-
enced a Level-2 event during the day and six patients
experienced a Level-2 event during the night (50% in
both day and night). During the 24-h period of mon-
itoring, eight of 12 (66%) patients experienced at least
one Level-2 event. Five episodes occurred during the
day and 9 at night, with none detected by routine CVS
measurement. These data support the hemodynamic
findings of other investigators studying similar pa-
tients.13

Despite the small sample size of 12 patients, we
were able to determine the superiority of the ABP
monitor over CVS measurements, presumably as the
result of a higher frequency of measurements pro-
vided by the ABP monitor system. It is unlikely that
the differences between these two methods were due
to errors of ABP monitor calibration. If this were so,
the values of one of the methods would be consis-
tently lower than the other. Instead, the ABP monitor
is significantly lower than CVS measurements when
the minimal values of each are compared, and signif-
icantly higher when the comparison involves maximal
values (Table 3).

One possible benefit of the information gained from
the ABP monitor in this study is that the hemody-
namic data obtained in this way could be linked to
events such as timing of medication, meals, activity,
etc, and become useful for future early management of
cardiovascular side effects through better recognition
of more vulnerable time periods. This could lead in
turn to timely prevention of orthostatic complications.

In summary, this study indicates that a statistically
significant number of low BP events, documented on

ABP monitoring, are undetected by CVS measure-
ments obtained by the nursing staff. Although epi-
sodes of low BP are relatively innocuous in young
people, the potential consequences of hypotension in
an older age group include dizziness and fall with
possible fracture. Further investigation into the rela-
tionship between hypotensive episodes and drug dos-
ing, meals, and other factors, such as age and presence
of concurrent conditions, may help to better define a
schedule of vital sign measurement that takes into
account the likeliest times of low BP occurrence, so
that patients at risk for low BPs can be monitored
more closely.
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