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Abstract
Arterial blood pressure is one of the vital signs monitored mandatory in anaesthetised patients. Even short episodes of intra-
operative hypotension are associated with increased risk for postoperative organ dysfunction such as acute kidney injury 
and myocardial injury. Since there is little evidence whether higher alarm thresholds in patient monitors can help prevent 
intraoperative hypotension, we analysed the blood pressure data before (group 1) and after (group 2) the implementation of 
altered hypotension alarm settings. The study was conducted as a retrospective observational cohort study in a large surgical 
centre with 32 operating theatres. Alarm thresholds for hypotension alarm for mean arterial pressure (MAP) were altered 
from 60 (before) to 65 mmHg for invasive measurement and 70 mmHg for noninvasive measurement. Blood pressure data 
from electronic anaesthesia records of 4222 patients (1982 and 2240 in group 1 and 2, respectively) with 406,623 blood 
pressure values undergoing noncardiac surgery were included. We analysed (A) the proportion of blood pressure measure-
ments below the threshold among all measurements by quasi-binomial regression and (B) whether at least one blood pressure 
measurement below the threshold occurred by logistic regression. Hypotension was defined as MAP < 65 mmHg. There was 
no significant difference in overall proportions of hypotensive episodes for mean arterial pressure before and after the adjust-
ment of alarm settings (mean proportion of values below 65 mmHg were 6.05% in group 1 and 5.99% in group 2). The risk 
of ever experiencing a hypotensive episode during anaesthesia was significantly lower in group 2 with an odds ratio of 0.84 
(p = 0.029). In conclusion, higher alarm thresholds do not generally lead to less hypotensive episodes perioperatively. There 
was a slight but significant reduction of the occurrence of intraoperative hypotension in the presence of higher thresholds 
for blood pressure alarms. However, this reduction only seems to be present in patients with very few hypotensive episodes.
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1  Introduction

During surgical procedures, monitoring and stabilising of 
vital signs is an essential part of an anaesthetist’s work. 
Embedded in the monitors software are thresholds which 
define the safe range of monitored signs. In case of a thresh-
old violation, patient monitors give optical and visual signs, 
designed to catch the attention of the attending physician. 
These alarms result in significantly shorter response time 
of the attending physician: A study by Loeb and colleagues 
reported a mean response time to abnormal vital signs on 
the monitor display of 61 s [1], whereas the response time 
decreased to 1 s for acoustic alarm signals and 6 s for visual 
alarm signals in a similar study by Morris and Montano 
[2]. Nowadays, standard monitoring equipment has several 
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different alarms and pre-set thresholds for upper and lower 
limits of monitored signs. In addition, it is possible to change 
the limits as appropriate for the individual patient.

One of the key vital signs monitored mandatory in anaes-
thetised patients is arterial blood pressure. Even short epi-
sodes of low intraoperative blood pressure (intraoperative 
hypotension) are associated with increased risk for postop-
erative organ dysfunction such as acute kidney injury and 
myocardial injury [3]. Therefore, timely detection of hypo-
tension is important in order to administer adequate treat-
ment of hypotension. In the past years, a discussion about 
which blood pressure level is considered safe and does not 
contribute to postoperative organ dysfunction has been 
going on [3, 4], resulting in a growing awareness about the 
role of anaesthetists in avoiding this hazardous condition. 
Against this backdrop, our institution decided to change the 
predefined alarm thresholds of the monitoring equipment to 
tighter limits. Since there is little evidence whether higher 
alarm thresholds in the patient monitors can help prevent 
intraoperative hypotension, we analysed the blood pressure 
data before and after the implementation of altered hypoten-
sion alarm settings.

Our hypothesis was that higher alarm thresholds for mean 
and systolic arterial pressure lead to less hypotensive events 
during anaesthesia.

2 � Methods

2.1 � Study design and setting

The aim of this retrospective observational cohort study was 
to investigate the impact of a higher threshold for hypoten-
sion alarm at the patient monitor in order to avoid hypoten-
sive episodes during anaesthesia. The local ethics commit-
tee (Ethikkommission bei der LMU München, Chairman W. 
Eisenmenger) approved the study under the protocol number 
17-299 on 1st June 2017. The need for informed consent was 
waived due to the retrospective design.

The study investigated blood pressure values of patients 
during anaesthesia in a large surgical centre at a German 
university hospital. The surgical centre contains 32 oper-
ating rooms (OR) and 22 induction areas with identical 
monitoring equipment (M540, Dräger, Lübeck, Germany). 
Embedded in the monitor software are predefined alarm 
settings. In July 2016, all patient monitor software was 
updated. With this update, alarm settings for low arterial 
pressure had been changed. Previously, the threshold for 
low mean arterial pressure alarm was set at 60 mmHg, 
for systolic arterial pressure at 90 mmHg (acoustic and 
visual alarm). After the update, the monitor alarm went 
off at 65 mmHg for continuous invasive mean arterial 
pressure measurement and at 70 mmHg for intermittent 

oscillometric mean arterial pressure measurement via the 
upper arm cuff. The threshold for oscillometric systolic 
arterial pressure was set at 100 mmHg after the update, for 
continuous measurement it remained at 90 mmHg. Higher 
thresholds for oscillometric measurements were imple-
mented because of increasing evidence of the method’s 
tendency to overestimate low blood pressure [5, 6]. All 
alarm settings could be changed manually as required by 
the staff.

The anaesthesiologists have not been notified about the 
change in alarm settings or its reason. We hypothesised that 
a higher hypotension alarm threshold draws the attention 
of the attending anaesthesiologist to a decrease in patient’s 
blood pressure earlier. This would cause earlier treatment 
and thus reduce the frequency of intraoperative hypotension. 
To verify this hypothesis we analysed two outcomes: ‘A’, the 
rate of hypotensive events per patient during anaesthesia 
before and after the higher hypotension alarm threshold and 
‘B’, if the frequency of procedures with no single hypoten-
sive event increased. Intraoperative hypotension is defined as 
mean arterial pressure below 65 mmHg and systolic arterial 
pressure below 90 mmHg [7].

2.2 � Patients

We included all patients who underwent procedures with 
an attending anaesthesiologist at the surgical centre in the 
3 months before (group 1) and after (group 2) the imple-
mentation of altered alarm settings. The time interval was 
chosen in order to limit the effect of short-term events such 
as summer holidays. The patients had either general anaes-
thesia, regional anaesthesia, a combination of both, intrave-
nous analgesia, or monitoring in standby by the anaesthe-
tist. Excluded from the analysis were patients younger than 
14 years, cardiac surgery and procedures with extracorporeal 
circulation or membrane oxygenation. If a patient underwent 
surgery more than once during the study period, we included 
only the first procedure.

2.3 � Data source and measurements

We extracted systolic and mean arterial blood pressure 
data from the electronic anaesthesia records (NarkoData®, 
Imeso, Gießen, Germany) where all vital signs are stored at 
a sampling rate of 3 min. We screened for invalid measure-
ments (e.g., static pressure during blood withdrawal, fail-
ure of the oscillometric measurement) and excluded these 
values. In addition, duration of anaesthesia, procedure, age, 
ASA physical status, blood loss and cumulative norepineph-
rine dose during anaesthesia were analysed based on the 
electronic anaesthesia record.
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2.4 � Potential bias

One possible source of bias is that blood pressure during 
anaesthesia can easily be influenced by the attending anaes-
thetist who is aware of the study purpose. Since this analysis 
is a retrospective analysis and staff of the department has 
not been informed about the change in alarm settings or its 
purpose this effect does not exist for these data. Another pos-
sible source of bias is the summer holiday in the month just 
after the altered alarm settings. Therefore, we set the study 
period to 3 months before and after the change of hypoten-
sion alarm settings. A sample size calculation was not per-
formed due to the retrospective study design.

2.5 � Statistical analysis

Excel (Version 1912, Microsoft, Redmond, Washington) and 
R (version 4.1, R Core Team, The R Foundation, Vienna, 
Austria) were used for analysing the data.

Continuous variables were checked visually for normal 
distribution, where some variables showed strong deviations 
from normality. Therefore, for all continuous variables the 
median and the interquartile range (IQR) are presented. 
Differences between the groups in the 3 months before and 
after the alteration of alarm settings were analysed using 
Wilcoxon’s test for quantitative variables and Fisher’s exact 
test for categorial variables.

2.6 � Difference before–after

Intraoperative hypotension is defined as MAP below 
65 mmHg and SAP below 90 mmHg [7]. When investigat-
ing the effect of changing the alarm thresholds, we con-
sidered two outcomes per procedure: (1) the proportion of 
blood pressure measurements below the threshold among all 
measurements (outcome A); (2) whether or not at least one 
blood pressure measurement below the threshold occurred 
(outcome B). In order to compare the values of outcome A 
before and after the change of the alarm thresholds, we used 
quasi-binomial regression adjusting for number of measure-
ments, age, ASA physical status and type of anaesthesia [8]. 
In the case of outcome B we used logistic regression, again 
adjusting for number of measurements, age, ASA physical 
status and type of anaesthesia. Age was included as a poten-
tial confounder because the summer holiday fell into the 
time period after the change of the alarm thresholds. In the 
summer holiday, traditionally younger patients get their elec-
tive surgery. Younger patients tend to be healthier than older 
patients, which is why less hypotensive events might occur 
in procedures performed, potentially biasing the comparison 
between the two groups. The number of measurements was 
included as a potential confounder to account for the pos-
sibility that the durations of the procedures differed between 

the two groups. The duration has a natural positive influence 
on the probability of at least one measurement falling below 
the threshold (outcome B). Moreover, it might exert some 
influence on the proportion of blood pressure measurements 
below the threshold among all measurements (outcome A). 
ASA physical status was included as confounder because 
hemodynamic instability is more common in patients with 
relevant comorbidities. In addition, the type of anaesthesia 
(general anaesthesia, regional anaesthesia, the combination 
of both or sedation only) can influence a patients’ blood 
pressure during the procedure. We also investigated whether 
there was a change in frequency of hypotensive events over 
time using spline-based quasi-binomial regression and mov-
ing averages. Quantile–quantile plots were used to compare 
the distributions of the values of outcome A before and after 
adjusting the alarm thresholds. Since the sampling rate of 
blood pressure values in the electronic anaesthesia records 
is 3 min, it is not possible to obtain exactly, how long the 
duration of a hypotensive episode is for each blood pres-
sure value (between 1 and 5 min). We therefore calculated 
the frequency and proportion of hypotensive measurements 
rather than the time-weighted average per patient.

2.7 � Subgroup analysis

In order to assess whether patients at risk for intraopera-
tive hypotension have fewer hypotensive episodes with 
higher alarm thresholds, in addition to the main analysis 
that included all patients, we analysed patients with ASA 
status III or IV, patients older than 70 years and patients 
with general or combined general and regional anaesthesia 
separately. There were 8 subgroups: (A) patients with gen-
eral anaesthesia, (B) patients with combined general and 
regional anaesthesia, (C) patients of ASA status 3 or 4, (D) 
patients older than 70 years, (E) patients older than 70 years 
and general anaesthesia, (F) patients older than 70 years and 
combined general and regional anaesthesia, (G) patients of 
ASA status 3 or 4 and general anaesthesia, (H) patients of 
ASA status 3 or 4 and combined general and regional anaes-
thesia. In each subgroup analysis we adjusted for number of 
measurements and age and the eight P values obtained for 
the different subgroup analyses were adjusted for multiple 
testing using the Bonferroni-Holm procedure [9].

3 � Results

After screening for invalid pressure measurements and miss-
ing data, a total number 432,158 measurements for systolic 
arterial pressure and 432,147 for mean arterial pressure 
were available for analysis. In total there were 4222 patients 
treated in the observed time frame, where about 9% of these 
patients were treated several times. The statistical tests we 
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used for testing differences between the two groups assume 
independency between the observations, which is why it was 
required that there is only one procedure per patient. There-
fore, we excluded multiple procedures per patient by includ-
ing only the first procedure in cases of patients with several 
procedures. This left 1982 patients and procedures in group 
1 before the altered alarm settings and 2240 patients in group 

2 after the altered alarm settings. Detailed data inclusion is 
presented in Fig. 1. Patients’ characteristics are presented in 
Table 1. In group 2 there were more patients of ASA physi-
cal status 1, cumulative norepinephrine administration and 
blood loss were statistically significantly lower in group 2, 
and procedures were on average 16 min shorter. Figure 2 
displays the frequency of hypotensive measurements over 
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Fig. 1   Flow chart of data inclusion
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time, whereas the influence of duration on the probability 
of experiencing a hypotensive event is shown in the right 
panel of Fig. 3.

The number of measurements per procedure (median, 
IQR) was 81 (55–118) in group 1 and 71 (48–104) in group 
2 and ranged from 2 to 590 measurements. The median and 
IQR of systolic, diastolic and mean arterial pressure per 
group are presented in Table 2.

Quasi-binominal regression analysis comparing the 
differences in proportions of hypotensive events below 
the threshold of 65 mmHg for mean arterial pressure and 
90 mmHg for systolic arterial pressure showed no signifi-
cant differences before and after the adjustment of alarm 
settings. The average of values below the threshold were 
6.05% in group 1 and 5.99% in group 2 for mean arterial 
pressure (p = 0.881). Likewise, there was no relevant dif-
ference for systolic arterial pressure (Table 2). The risk of 

experiencing a hypotensive episode during anaesthesia was 
significantly lower in group 2 with an odds ratio of 0.84 
[0.72–0.98] (p = 0.0289). For systolic arterial pressure there 
was no statistically significant difference between the groups 
in this respect.

Beyond the non-significant differences between the pro-
portions of hypotensive values before and after adjusting 
the alarm settings, Fig. 2 does also not indicate any other 
changes in these proportions over the 3 months period after 
the alarm settings were altered.

The left panel of Fig. 4 shows the distribution of hypoten-
sive values before and after changing the alarm settings. This 
analysis reveals that hypotensive episodes were less frequent 
in procedures with a very low proportion of hypotensive 
events (e.g., patient with transient hemodynamic instability). 
In contrast, procedures with a very high rate of hypotensive 

Table 1   Patient characteristics

Quantities are either presented as frequency (%) or median (interquartile range); percentages may not sum 
up to 100 due to rounding

Total Group 1 Group 2 p value

Clinical data
 Patients, n 4222 1982 (47%) 2240 (53%)
 Age, y 59 (44–72) 59 (45–71) 60 (44–73) 0.384
 ASA 0.007
  1 456 (10.8) 179 (9.0) 277 (12.4)
  2 1507 (35.7) 711 (35.9) 796 (35.5)
  3 1976 (46.8) 962 (48.5) 1014 (45.3)
  4 274 (6.5) 126 (6.4) 148 (6.6)
  5 8 (0.2) 3 (0.2) 5 (0.2)
  6 1 (0.0) 1 (0.1) 0 (0.0)

 Norepinephrine (mg) 0.32 (0.06–0.97) 0.37 (0.08–1.09) 0.28 (0.06–0.89) 0.001
 Total blood loss (ml) 50 (0–300) 100 (0–300) 50 (0–300) 0.004
 Duration (min) 160 (101–240) 168 (108–256) 152 (95–227)  < 0.001

Operation type 0.109
 Trauma/Orthopaedic 840 (19.9) 392 (19.8) 448 (20.0)
 Abdominal 649 (15.4) 312 (15.7) 337 (15.0)
 Ear-nose-throat 580 (13.7) 280 (14.1) 300 (13.4)
 Urologic 521 (12.3) 224 (11.3) 297 (13.3)
 Neurologic 380 (9.0) 182 (9.2) 198 (8.8)
 Vascular 206 (4.9) 91 (4.6) 115 (5.1)
 Gynecologic 204 (4.8) 101 (5.1) 103 (4.6)
 Thoracic 116 (2.7) 63 (3.2) 53 (2.4)
 Skin 138 (3.3) 71 (3.6) 67 (3.0)
 Breast 58 (1.4) 37 (1.9) 21 (0.9)
 Others 530 (12.4) 229 (11.6) 301 (13.4)

Anesthesia 0.001
 General 3128 (74.1) 1430 (72.1) 1698 (75.8)
 Both 697 (16.5) 369 (18.6) 328 (14.6)
 Regional 168 (4.0) 68 (3.4) 100 (4.5)
 Not specified 229 (5.4) 115 (5.8) 114 (5.1)
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events occurred even more often after the change of alarm 
thresholds.

The analysis of subgroups A–H did not show any signifi-
cant differences between the two groups for both outcomes, 
A and B, after adjusting for multiple testing, for details 
see Table 3. Of note, in some subgroups the proportions 

of values in the hypotensive range were higher in group 2 
after altering the thresholds (more hypotensive events), but 
the frequencies of procedures without hypotensive events 
became higher (less patients ever experiencing hypoten-
sion), shown in Table 3. The right panel of Fig. 4 shows a 
quantile–quantile plot comparing the empirical distributions 
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Fig. 2   Proportions of values smaller than or equal to the thresholds 
as a function of time for mean arterial pressure (MAP) in the upper 
panel and systolic arterial pressure (SAP) in the lower panel. The 
grey curves show moving averages with window size 800, that is, 
each value of the curve shows the mean of the 400 proportions left 
and the 400 proportions right to the respective time point shown on 

the x axis. The black curves are the fits of quasi-binomial regressions 
of the proportions on time using B-splines with a cubic spline basis 
with three degrees of freedom. The blue vertical lines show the time 
point of implementation of altered alarm settings. The light green and 
dark green horizontal lines show the means of the proportions before 
and after the time point of altered alarm settings, respectively
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of the values of outcome A (i.e., the proportions of blood 
pressure measurements below the threshold among all meas-
urements) before and after changing of the alarm thresholds. 
This analysis reveals that hypotensive episodes were less 
frequent only in procedures with a very low proportion of 
hypotensive events. In contrast, procedures with a very high 
rate of hypotensive events occurred even more often after the 
change of alarm thresholds.

4 � Discussion

In this study we investigated the impact of altered alarm set-
tings with higher thresholds for low arterial blood pressure 
on the occurrence of hypotension during anaesthesia in a 
large retrospective analysis. We found no difference in the 
mean proportions of hypotensive events when comparing 
the values of mean and systolic arterial blood pressure of 
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Fig. 3   Influence of number of measurements on probability of thresh-
old undershot. Left panel: Numbers of measurements shown sepa-
rately for each group. Right panel: Estimated probability of no meas-
urement falling below the threshold as a function of the number of 
measurements. The blue curve shows these probabilities, which were 
estimated using logistic regression. The black points show the indi-

vidual numbers of measurements for the cases for which the threshold 
was not undershot (lower points) and for the cases for which at least 
one measurement fell below the threshold (upper points). The grey 
areas show kernel density estimates of the distributions of the black 
points

Table 2   Comparison of group 1 before and group 2 after alarm settings were altered

Quasi-binomial regression was used for testing for differences between mean proportions and logistic regression was used for testing for differ-
ences in the frequencies of patients with hypotensive events. In the cases of systolic, diastolic and mean arterial pressure no P values are given, 
because, as described in methods, restricting our attention to systolic and mean arterial pressure, we compared the tendencies of these values to 
be hypotensive before and after changing the alarm thresholds

Group 1 Group 2 Odds Ratio [CI] p

Mean arterial pressure mmHg, median (IQR) 84 (75–95) 84 (75–95)
Systolic arterial pressure mmHg, median (IQR) 117 (105–131) 116 (105–130)
Diastolic arterial pressure mmHg, median (IQR) 64 (56–74) 64 (56–73)
Outcome A
 Mean arterial pressure Proportion of hypotensive measurements < 65 mmHg 6.05% 5.99% 0.881
 Systolic arterial pressure Proportion of hypotensive measurements < 90 mmHg 5.47% 5.37% 0.749

Outcome B
 Mean arterial pressure Procedures with ≥ 1 hypotensive event (< 65 mmHg) 80.32% 74.46% 0.84 [0.72, 0.98] 0.029
 Systolic arterial pressure Procedures with ≥ 1 hypotensive event (< 90 mmHg) 78.81% 73.79% 0.89 [0.76, 1.04] 0.135
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4222 patients during surgical procedures before and after the 
adjustment of monitor alarm settings. However, the risk of 
ever experiencing a hypotensive event with a mean arterial 
pressure below 65 mmHg was 16% lower in the group moni-
tored with higher pre-set hypotension alarm thresholds. In 
the subgroup of procedures with a low prevalence of hypo-
tensive events, even less patients were hypotensive after the 
change of monitor settings. In contrast, for procedures where 
patients had a high ratio of hypotensive episodes, they expe-
rienced even more hypotensive episodes in the presence of 
higher thresholds than the patients in the 3 months before the 
altered alarm settings (with lower thresholds). This finding 
seems to be counter intuitive. One possible explanation is 
the theory of false alarms. In his essay, Breznitz explains the 
psychologic phenomenon of ignoring a warning when in the 
past no negative consequence followed the same alarm [10]. 
It is possible that anaesthetists disabled the hypotension 
alarm after noticing that it presumably sounded more often 
in the time after the altered thresholds. This could have led 
to more undetected and untreated episodes of hypotension, 
especially when the alarm sounded frequently throughout 
the procedure and was subsequently ignored, but this is only 
speculation. We did not record how thresholds were altered 
manually by the staff and how often the alarm went off. In 

a study by de Man, the median alarm frequency was one 
every 2.9 min with 64% of alarms being irrelevant [11], so 
one must presume that with higher thresholds, the frequency 
even increased.

The finding, that the proportion of hypotensive episodes 
was unchanged in the presence of higher alarm limits and 
even increased in some subgroups at risk for hypotension 
(e.g., older than 70 years and combined general and regional 
anaesthesia) is surprising at first sight. However, our find-
ings are in concordance with the study by Kurz et al. who 
investigated the impact on triple low alerts [12]. Triple low 
state is a combination of intraoperative hypotension, deep 
sedation and low minimum alveolar concentration of vola-
tile anaesthetics, associated with increased mortality in a 
large retrospective data base analysis [13]. The investigators 
then designed a study with a real time triple-low alert for 
the attending anaesthesiologist. Against the expectations, 
response rates were 51% to the alert and there was no reduc-
tion in mortality between the group with alert and controls 
[12]. This example shows that alarms might be overrated 
in perioperative medicine. A recent study by Maheshwari 
and his group investigated the impact of the hypotension 
prediction index, a software that aims to predict a hypoten-
sive episode, combined with a treatment algorithm. There 
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Fig. 4   Distributions of proportions of values below hypotension 
thresholds before and after the adjustment of alarm settings. Left 
panel: Proportions of values below the threshold separately before 
and after the adjustment of alarm settings. Right panel: Quantile–
quantile plot comparing the distributions of the proportions of values 
below the threshold before and after the adjustment of alarm set-
tings. In simple terms, the proportions are sorted separately in both 
groups and subsequently plotted against each other. That is, one point 

in the plot shows the smallest proportion observed in group 1 plotted 
against the smallest proportion observed in group 2, another point the 
second smallest proportion observed in group 1 plotted against the 
second smallest proportion observed in group 2 and so on. The red 
lines mark the limits below which 90% of the proportions lie. Zero 
proportions are not shown because the axes are displayed on a loga-
rithmic scale
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was no reduction of hypotensive episodes and half of the 
alarms were ignored by the clinician [14]. In contrast to our 
finding and the study by Kurz et al., the work by Wijnberge 
and colleagues evaluating an early warning system for intra-
operative hypotension in 60 patients showed a significant 
reduction of hypotensive episodes in patients monitored 
with the warning system compared to standard care [15]. 
The early warning system of Wijnberge’s study was evalu-
ated in a prospective cohort with an observer present and 
the anaesthesiologist in charge was asked to respond to the 
alarm of the system (unlike in our study, where the impact 
of altered alarm settings in a realistic clinical setting was 
retrospectively analysed). Even in the controlled setting of 
their study, in 36% of alarms the anaesthetist in charge did 
not respond to the alarm because of too frequent alarms [15]. 
So it seems rational at first glance to increase patient safety 
by setting tight boundaries for a safe range of values and 
employ alarms in a “better safe than sorry”-approach [16]. 
However, the numerous alarms sounding in an operating 
theatre and intensive care unit have been identified to nega-
tively influence both staff and patients [16, 17]. Regarding 

noise reduction and alarm fatigue, higher alarm thresholds 
must be considered carefully.

The longer the procedures were in our study, the higher 
was the rate of threshold undershot. One reason for the 
higher rate of threshold undershot for longer procedures is 
certainly that the longer a procedure continues, the more 
opportunities for undershots arise. However, studies describ-
ing the characteristics of intraoperative hypotension by 
Saugel et al. found, that the lowest blood pressure values 
occurred typically after the induction before the start of sur-
gery and not so much after hours of surgery [18, 19]. There-
fore, the high number of threshold undershots in our study 
may be partially due to alarm fatigue amongst other factors 
(e.g. higher blood loss in long procedures).

A potential source of bias of our study was the time of 
altered hypotension alarm settings shortly before the summer 
holidays. The patients’ characteristics show that the patients 
included after changing alarm settings were healthier and 
had shorter procedures. This may also have contributed to 
the inability of detecting a reduction in hypotensive rates 
during surgery, because patients without chronic diseases are 
less prone to intraoperative hypotension [19]. In addition, 

Table 3   Results of subgroup analysis

MAP mean arterial pressure; SAP systolic arterial pressure
*Note that the confidence intervals were not adjusted for multiple testing. While the adjusted p values are intended for testing whether the esti-
mated odds ratios significantly differ from 1, the confidence intervals serve the mere descriptive purpose of illustrating the uncertainty in the 
estimates of the true odds ratios. (A) patients with general anaesthesia, (B) patients with combined general and regional anaesthesia, (C) patients 
of ASA status 3 or 4, (D) patients older than 70 years, (E) patients older than 70 years and general anaesthesia, (F) patients older than 70 years 
and combined general and regional anaesthesia, (G) patients of ASA status 3 or 4 and general anaesthesia, (H) patients of ASA status 3 or 4 and 
combined general and regional anaesthesia

MAP n Mean proportion < 65 mmHg Procedures with hypotensive event

Group 1 Group2 Group 1 (%) Group 2 (%) Adjusted p Group 1 (n) Group 2 (n) Adjusted p Odds ratio [CI]*

A 1430 1698 6.05 5.80 1 78.95 73.32 0.5997 0.86 [0.72, 1.03]
B 369 328 6.28 7.14 0.9571 89.70 86.28 1 0.78 [0.48, 1.25]
C 1088 1162 6.18 6.12 1 82.81 76.33 0.1876 0.77 [0.62, 0.97]
D 531 672 5.96 6.25 1 80.23 76.49 1 1.00 [0.74, 1.34]
E 344 464 6.19 5.96 1 79.94 76.94 1 1.00 [0.69, 1.43]
F 118 102 5.78 7.07 0.9571 87.29 85.29 1 0.87 [0.39, 1.94]
G 726 787 6.39 5.80 0.9571 82.09 75.35 0.295 0.76 [0.58, 0.99]
H 243 218 6.02 7.28 0.6252 89.71 86.70 1 0.81 [0.45, 1.46]

SAP n Mean proportion < 90 mmHg Procedures with hypotensive event

Group 1 Group2 Group 1 (%) Group 2 (%) Adjusted p Group 1 (n) Group 2 (n) Adjusted p Odds Ratio [CI]*

A 1430 1698 5.47 5.22 1 77.41 72.14 1 0.89 [0.75, 1.06]
B 369 328 5.39 5.97 1 87.53 85.37 1 0.91 [0.57, 1.43]
C 1088 1162 5.45 5.44 1 80.51 74.70 0.6042 0.83 [0.67, 1.03]
D 531 672 5.35 5.63 1 78.53 75.45 1 1.04 [0.78, 1.40]
E 344 464 5.54 5.46 1 78.49 75.86 1 1.04 [0.73, 1.49]
F 118 102 4.93 6.24 1 83.05 80.39 1 0.89 [0.44, 1.80]
G 726 787 5.59 5.24 1 79.34 72.68 0.4896 0.78 [0.61, 1.01]
H 243 218 5.2 6.01 1 89.30 86.24 1 0.80 [0.45, 1.45]
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shorter procedures had fewer violations of the lower blood 
pressure limit. When corrected for age, length of the pro-
cedure, ASA physical status, and type of anaesthesia, the 
number of patients monitored with higher alarm thresholds 
that were never hypotensive was statistically significantly 
higher. Whether our finding is clinically relevant in terms of 
less postoperative organ dysfunction remains unclear. The 
issue needs to be addressed in a larger, prospective multi-
centre trial. In addition, the question whether tighter alarm 
limits or better education of anaesthesiologists about the risk 
of hypotension is more effective in preventing intraoperative 
hypotension remains unanswered.

Our study has limitations. First, it is a retrospective analy-
sis of a single centre and may therefore not be generalisable 
to other settings. A prospective, multicentre study should be 
designed to confirm the findings. Second, it was not possible 
to analyse the number of hypotension alarms triggered or the 
manual change of setting by individual physicians.

The strengths of the analysis are the large number of pro-
cedures included and that anaesthetists were not informed 
about the altered settings or its purpose. Therefore, we were 
able to study the impact of the alarm settings in absence of 
confounding new institutional protocols.

In conclusion, higher alarm thresholds do not generally 
lead to less hypotensive episodes perioperatively. There was 
a slight but significant reduction of the occurrence of intra-
operative hypotension in the presence of higher thresholds 
for blood pressure alarms. However, this reduction only 
seems to be present in patients with very few hypotensive 
episodes.

Acknowledgements  We thank Ludwig Christian Hinske1, Ph.D., who 
helped with data extraction.

Author contributions  ASM conceived the idea, analysed the data, and 
wrote the manuscript. RH analysed the data and wrote the manuscript. 
TC, EA and MED helped analysing the data and revised the manu-
script. CD retrieved and analysed the data and revised the manuscript. 
JB conceived the idea, analysed the data, and revised the manuscript. 
All authors read and approved the final version of the manuscript.

Funding  Open Access funding enabled and organized by Projekt 
DEAL. Financial support and sponsorship: Support was provided 
solely from departmental sources.

Data availability  The dataset used for the study is available from the 
corresponding author on reasonable request.

Declarations 

Conflict of interest  The authors declare no competing interest.

Ethical approval  The ethics committee (Ethikkommission bei der LMU 
München, Chairman W. Eisenmenger) approved the study, need for 
informed consent was waived due to the retrospective desing. Study 
procedures were in accordance with the Helsinki Declaration of the 

World Medical Association. The manuscript was prepared according 
to STROBE guidelines.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

	 1.	 Loeb RG. A measure of intraoperative attention to monitor dis-
plays. Anesth Analg. 1993;76(2):337–41.

	 2.	 Morris RW, Montano SR. Response times to visual and audi-
tory alarms during anaesthesia. Anaesth Intensive Care. 
1996;24(6):682–4.

	 3.	 Walsh M, Devereaux PJ, Garg AX, et al. Relationship between 
intraoperative mean arterial pressure and clinical outcomes after 
noncardiac surgery: toward an empirical definition of hypotension. 
Anesthesiology. 2013;119(3):507–15.

	 4.	 Salmasi V, Maheshwari K, Yang D, et al. Relationship between 
intraoperative hypotension, defined by either reduction from 
baseline or absolute thresholds, and acute kidney and myocardial 
injury after noncardiac surgery: a retrospective cohort analysis. 
Anesthesiology. 2017;126(1):47–65.

	 5.	 Wax DB, Lin HM, Leibowitz AB. Invasive and concomitant 
noninvasive intraoperative blood pressure monitoring: observed 
differences in measurements and associated therapeutic interven-
tions. Anesthesiology. 2011;115(5):973–8.

	 6.	 Meidert AS, Dolch ME, Muhlbauer K, et  al. Oscillometric 
versus invasive blood pressure measurement in patients with 
shock: a prospective observational s. J Clin Monit Comput. 
2020;35(2):387–93.

	 7.	 Ahuja S, Mascha EJ, Yang D, et al. Associations of intraoperative 
radial arterial systolic, diastolic, mean, and pulse pressures with 
myocardial and acute kidney injury after noncardiac surgery: a 
retrospective cohort analysis. Anesthesiol J Am Soc Anesthesiol. 
2019;132(2):291–306.

	 8.	 James W, Hardin JMH. Generalized linear models and extensions. 
2nd ed. College Station: Stata Press; 2007.

	 9.	 Holm S. A simple sequentially rejective multiple test procedure. 
Scand J Stat. 1979;6(2):65–70.

	10.	 Breznitz S. Cry wolf: the psychology of false alarms. Hillsdale: 
Lawrence Erlbaum Associates; 1984.

	11.	 de Man FR, Greuters S, Boer C, Veerman DP, Loer SA. Intra-
operative monitoring–many alarms with minor impact. Anaes-
thesia. 2013;68(8):804–10.

	12.	 Sessler DI, Turan A, Stapelfeldt WH, et al. Triple-low alerts do 
not reduce mortality: a real-time randomized trial. Anesthesiol J 
Am Soc Anesthesiol. 2019;130(1):72–82.

	13.	 Sessler DI, Sigl JC, Kelley SD, et al. Hospital stay and mortality 
are increased in patients having a “triple low” of low blood pres-
sure, low bispectral index, and low minimum alveolar concentra-
tions of volatile anesthesia. Anesthesiol J Am Soc Anesthesiol. 
2012;116(6):1195–203.

http://creativecommons.org/licenses/by/4.0/


285Journal of Clinical Monitoring and Computing (2023) 37:275–285	

1 3

	14.	 Maheshwari K, Shimada T, Yang D, et al. Hypotension prediction 
index for prevention of hypotension during moderate- to high-risk 
noncardiac surgery. Anesthesiology. 2020;133(6):1214–22.

	15.	 Wijnberge M, Geerts BF, Hol L, et al. Effect of a machine learn-
ing-derived early warning system for intraoperative hypotension 
vs standard care on depth and duration of intraoperative hypoten-
sion during elective noncardiac surgery: the HYPE randomized 
clinical trial. JAMA. 2020;323:1052.

	16.	 Schmid F, Goepfert MS, Reuter DA. Patient monitoring alarms in 
the ICU and in the operating room. Crit Care. 2013;17(2):216.

	17.	 Hansell HN. The behavioral effects of noise on man: the 
patient with “intensive care unit psychosis.” Heart Lung. 
1984;13(1):59–65.

	18.	 Saugel B, Reese PC, Sessler DI, et al. Automated ambulatory 
blood pressure measurements and intraoperative hypotension in 
patients having noncardiac surgery with general anesthesia: a pro-
spective observational study. Anesthesiology. 2019;131(1):74–83.

	19.	 Sudfeld S, Brechnitz S, Wagner JY, et al. Post-induction hypoten-
sion and early intraoperative hypotension associated with general 
anaesthesia. Br J Anaesth. 2017;119(1):57–64.

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Do higher alarm thresholds for arterial blood pressure lead to less perioperative hypotension? A retrospective, observational cohort study
	Abstract
	1 Introduction
	2 Methods
	2.1 Study design and setting
	2.2 Patients
	2.3 Data source and measurements
	2.4 Potential bias
	2.5 Statistical analysis
	2.6 Difference before–after
	2.7 Subgroup analysis

	3 Results
	4 Discussion
	Acknowledgements 
	References




