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Abstract

Background Heart rate variability (HRV) is a method to assess the autonomic nervous system and reflects possibly central
brain states. HRV has previously not been examined in patients with hip fracture and delirium.

Aims To explore HRV parameters in hip fracture patients with and without delirium.

Methods Patients admitted to Oslo University Hospital with hip fracture and sinus rhythm in electrocardiogram (ECG)
were included. Delirium was diagnosed using the confusion assessment method. HRV was assessed preoperatively after a
relaxing period of five minutes, by measuring an ECG signal over 5 min. Parameters in time domain (the standard deviation
of the QRS distances—SDNN) and frequency domain (total power (TP), low frequency (LF), high frequency (HF) and LF/
HF ratio) were calculated.

Results Seventy-five patients were included in the study, and 21 of them had subsyndromal delirium and were excluded from
the analysis. Fifty-four patients with a mean age of 83.5 years (SD 8.6, 78% females) were included. Twenty-six patients
(48%) had preoperative delirium, 11 (20%) developed delirium postoperatively, whereas 17 (31%) never developed delirium.
SDNN, TP and HF values were significantly higher in patients with delirium compared to patients without delirium, and LF
and LF/HF were lower. Patients developing postoperative delirium had decreased LF and increased HF before symptom onset.
Discussion Increased SDNN, TP and HF and decreased LF values might reflect an abnormal stress response in delirium.
Conclusion HRV measurements in patients with hip fractures provide additional information beyond heart rate and might
be used to identify relevant pathophysiological factors in delirium.
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cognitive assessment and history of acute onset of symp-
toms, and it has to be distinguished from other syndromes

Background

Older patients admitted to hospitals often develop symptoms
of acute cognitive and attentional deterioration, diagnosed
as delirium [1]. Delirium is diagnosed based on a formal
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sharing some of the same symptoms, like dementia [2]. Up
to 50% of patients with hip fracture experience delirium dur-
ing their hospital stay [3].

Delirium is preventable in 30—40% of cases [4], and early
identification of patients at risk is crucial [2]. The develop-
ment of delirium occurs as an interplay between predispos-
ing and precipitating factors, and older patients with already
existing cognitive impairment and multi-morbidity are at
highest risk of developing delirium even in the presence of
a mild acute insult. In contrast, in a young healthy person
several noxious factors are necessary to move the brain out
of balance [2].

The underlying pathophysiology of delirium is still
poorly understood [5]. Among other theories, aberrant
stress responses and alterations in autonomic nervous sys-
tem (ANS) activity have been suggested [6]. ANS activity
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can indirectly be assessed by measuring heart rate variabil-
ity (HRV) [7]. HRV is determined by an electrocardiogram
(ECG), where the distances of normal QRS complexes are
measured as a time series of consecutive values in milli-
seconds [8]. Linear parameters in the time domain like the
standard deviation of the QRS distances (SDNN) and the
square root of the mean squared differences of successive
NN intervals (RMSSD) are most frequently used [9]. Both
parameters have been mostly used for risk stratification in
cardiovascular diseases [10] but also to identify autonomic
neuropathy [11] and general mortality [12, 13]. SDNN is
usually reduced in patients with serious diseases like myo-
cardial infarction or sepsis [10, 14] and frequently increased
after successful health interventions [15, 16].

The frequency domain is often calculated with a fast Fou-
rier transformation, and three spectral parameters are dis-
tinguished: very-low-frequency (VLF), low-frequency (LF)
and high-frequency (HF) components [17]. In addition, total
power (TP) represents the variance of all QRS intervals. For
the determination of HF and LF (and linear parameters),
short-term recording of 5 min is sufficient, whereas VLF
needs recordings at least of 10 min [8, 18]. For the char-
acterization of the ANS activity, LF is often considered as
a proxy for the activity of the sympathetic nervous system
(SNS), HF to the activity of the parasympathetic nervous
system (PNS) and the LF/HF ratio as reflecting the balance
between SNS and PNS [19, 20].

Newer research suggests that HRV also reflects central
brain states, in particular the central autonomic network
[21]. Investigations with HRV have been conducted in acute
conditions like sepsis [14, 22] and trauma [23], but very few
studies have been done in patients with delirium [24, 25].

Aims

We aimed to explore possible changes in HRV parameters
in hip fracture patients with delirium. We were particularly
interested in: (1) HRV differences in patients with ongoing
delirium compared to patients without delirium and (2) if
alterations in HRV measured preoperatively were associated
with development of postoperative delirium.

Methods

Participants in this study were recruited from a study of
patients with acute hip fracture, at Oslo University Hospital,
Norway, the Oslo Orthogeriatric Trial. Methods and results
from this trial are published elsewhere [3, 26]. All consecu-
tive patients admitted to this large level-3 university hospital
with hip fracture were invited to the trial in the emergency
department. Patients were not included if the hip fracture
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occurred because of a high-energy trauma or if they were
moribund on admission. This was based on a clinical judg-
ment by the attending orthopaedic surgeon. Only patients
with sinus rhythm in their ECG were included in the present
study.

All patients were assessed for delirium once daily, using
the short version of the confusion assessment method
(CAM) [27] preoperatively and until the fifth postoperative
day. CAM was applied by the study geriatrician or a study
nurse, based on a 10-30-min interview with the patient,
together with information from close relatives, nurses and
hospital records.

For the purpose of the analyses, the following delirium
categories were distinguished:

e Preoperative delirium—those who had delirium before
surgery.

e Postoperative delirium—those who were free from delir-
ium when first examined but developed delirium after
surgery.

e Never delirium—those who never experienced any symp-
toms of delirium during their hospital stay.

We did not include patients with subsyndromal delirium
in the analysis, i.e. those who at any point (preoperatively
or postoperatively) experienced some delirious symptoms
(=2 positive CAM features, but never fulfilled the criteria
for full-scale delirium).

The patients were also assessed for dementia. An experi-
enced geriatrician and an experienced specialist in old age
psychiatry independently assessed whether a patient fulfilled
the criteria for dementia. In the case of disagreement, a con-
sensus diagnosis was made. They applied the International
Classification of Diseases, version 10 (ICD-10), research cri-
teria for dementia [28]. In addition, depression was assessed
using the Cornell scale [29]. Patients with a score of 8 or
more were considered as having depression.

A 5-minute ECG signal was recorded within 24 h after
arrival preoperatively by a Biocom 4000 ECG recorder and
digitalized. The Biocom 4000 ECG interface unit uses dry
silver/silver chloride ECG electrodes attached to two fingers
of the right and the left hands, respectively. Patients were
asked to relax for 5 min. Afterwards, a continuous ECG
signal was measured over 5 min. The signals were processed
according to international recommendations [17].

Time-domain parameters (SDNN, RMSSD) and fre-
quency-domain parameters (TP, HF, LF, LF/HF ratio) were
calculated by the Heart Rhythm Scanner, version 2.0 (Bio-
com Technologies, USA).

We present all descriptive data for continuous variables
as means and standard errors of the mean (SEM) and for
dichotomous variables as percentages. Normally distrib-
uted continuous data were analysed using Student’s t-tests.
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Categorical data were analysed using Chi-square tests. We
used SPSS, version 25 (IBM, Armonk, NY), for statistical
analysis.

Results

A total of 75 patients were included during the study period
between 2010 and 2012. Mean age was 82.6 years (SD 9.1)
and 76% were females. Twenty-one patients had subsyn-
dromal delirium and were not included in the analysis. This
left 54 patients for the statistical analysis with a mean age
of 83.5 years (SD 8.6). All variables were normally distrib-
uted. Twenty-six (48%) patients had preoperative delirium,

11 (20%) developed postoperative delirium, and 17 (31%)
never developed delirium during their hospital stay. First, we
compared all patients with delirium (n=37) with patients
who never developed delirium (n=17) (Table 1). Patients
with delirium were older and had more often dementia.
Patients without delirium more often used angiotensin-2
blockers (p =0.03) than patients with delirium, but for the
other drugs, there were no statistically significant differ-
ences between the groups. All HRV indices were higher in
the delirium group, and these differences were significant
for SDNN (p <0.02) and TP (p=0.02) (Fig. 1), but not for
HF and LF in absolute values. Delirious patients had a sig-
nificantly lower LF/HF ratio than those with no delirium
(p=0.03) (Fig. 2).

Table 1 Background

o Characteristic Delirium anytime, Never delirium, n=17 P value*
characteristics and heart rate n=37
variability according to overall
delirium status Background variables
Women, n (%) 26 (71) 16 (94) 0.05
Age, mean (SE) 86.5 (1) 77.1 (3) <0.01
Dementia, n (%) 28 (76) 2 (12) <0.01
Depression, n (%)** 3(13) 3(19) 0.63
Medication (%)
Beta blockers, n (%) 13 (24) 4 (24) 0.95
AT2 blockers, n (%) 2(5) 5(29) 0.03
ACE inhibitors, n (%) 3(8) 2 (12) 0.65
Calcium antagonists, n (%) 5(14) 3(18) 0.70
Digitalis, n (%) 3(8) 1(6) 1
Nitroglycerine, n (%) 2(5) 0(0) 1
Diuretics, n (%) 11 (30) 3(18) 0.51
Steroids, n (%) 4(11) 0(0) 0.30
Lipid modifiers, n (%) 6 (16) 6 (35) 0.16
Sedatives, n (%) 9(24) 2(12) 0.47
Antidepressives, n (%) 9 (24) 5(29) 0.75
Heart rate variability measures**
HR beats/min (SE) 78 (2) 79 (2) 0.68
SDNN ms (SE) 61(9) 33(5) 0.02
RMSSD ms (SE) 16 (2) 15(2) 0.65
TP ms? (SE) 4452 (1126) 1223 (618) 0.02
HF ms? (SE) 70 (23) 42 (17) 0.37
HFnorm ms? (SE) 41 (3) 27 (3) 0.01
LF ms? (SE) 344 (83) 164 (78) 0.12
LFnorm ms? (SE) 59 (3) 73 (3) 0.01
LF/HF (SE) 2.0(0.3) 3.3(0.5) 0.03

Bold values indicate p < 0.05

SE standard error, HRheart rate, SDNN standard deviation of all NN intervals, RMSSD root of the mean
of the sum of squares of differences between adjacent NN intervals, NN intervals normal-to-normal inter-
vals, TP total power, LF/HF ratio low-frequency power/high-frequency power, LFnorm and HFnorm low-
frequency and high-frequency power in normalized units, LF and HF power in high-frequency and low-
frequency range in absolute values, respectively

*Depression assessment is missing for 15 patients

**Student’s T-tests for continuous variables and Chi-square tests for categorical variables
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Fig.1 Mean SDNN (SE) and mean TP (SE) in patients with and without delirium (SDNN standard deviation of all NN intervals, SE standard

error, TP total power)
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Intake of most medical drugs was not associated with
differences in HRV parameters, with the exceptions that
digitalis usage was associated with lower HF (p =0.01)
and lower LF/HF (p= <0.01) and that the use of diuretics
was associated with lower LFnorm (p =0.04) and higher
HFnorm (p=0.04).

When we compared patients with preoperative delirium
(n=26), i.e. those who had ongoing delirium when the
HRYV data were obtained, with those who never developed
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n=37

Delirium

Error bars: +/- 1 SE

delirium (n=17), we found similar results (Table 2; Fig. 3)
of significantly higher SDNN and TP and lower LF/HF
ratio in the delirium group.

Finally, we compared patients who were free from
delirium when the ECG recording was done, but who
developed delirium postoperatively (n=11), with patients
who never developed delirium (n =17, Table 3). All HRV
indices were higher in those who developed postoperative
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Table 2 Heart rate variability in patients with preoperative delirium
and patients who never developed delirium

Table 3 Heart rate variability in patients with postoperative delirium
and patients who never developed delirium

Characteristic Preoperative Never delirium, P value* Characteristic Postopera- Never delirium, P value*
delirium, n=17 tive delirium, n=17
n=26 n=11
HR beats/min (SE) 78 (2) 79 (2) 0.71 HR beats/min (SE) 77 (4) 79 (2) 0.70
SDNN ms (SE) 62 (13) 33(5) 0.05 SDNN ms (SE) 59 (14) 33 (5) 0.11
RMSSD ms (SE) 14 (2) 15(2) 0.86 RMSSD ms (SE) 20 (2) 15(2) 0.17
TP ms? (SE) 5071 (1509) 1223 (618) 0.03 TP ms? (SE) 3043 (1350) 1223 (618) 0.24
HF ms? (SE) 74 (31) 42 (17) 0.36 HF ms? (SE) 61 (32) 42 (17) 0.56
HFnorm ms? (SE) 39 (4) 27 (3) 0.03 HFnorm ms? (SE) 44 (7) 27 (3) 0.03
LF ms? (SE) 332 (98) 164 (78) 0.21 LF ms? (SE) 369 (164) 164 (78) 0.28
LFnorm ms? (SE) 61 (4) 73 (3) 0.03 LFnorm ms? (SE) 55(7) 73 (3) 0.03
LF/HF (SE) 2.0 (0.4) 3.3(0.5) 0.04 LF/HF (SE) 2.0 (0.7) 3.3(0.5) 0.13

Bold values indicate p < 0.05

SE standard error, HR heart rate, SDNN standard deviation of all NN
intervals, RMSSD root of the mean of the sum of squares of differ-
ences between adjacent NN intervals, NN intervals normal-to-normal
intervals, TPtotal power, LF/HFratio low-frequency power/high-
frequency power, LFnorm and HFnormlow-frequency and high-
frequency power in normalized units, LF' and HF power in high-fre-
quency and low-frequency range in absolute values, respectively

*Student’s T-test
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Fig.3 LFnorm and HFnorm in patients with preoperative delirium
and patients who never developed delirium (LFnorm and HFnorm
low-frequency and high-frequency power in normalized units)

delirium, but the differences did not reach statistical sig-
nificance, except for HF and LF in normalized units.

Discussion

In this study, we explored possible differences in heart rate
variability in hip fracture patients with and without delirium.
Our main findings were as follows:

Firstly, in patients with delirium the values of HRV vari-
ables, in both time (SDNN) and frequency domains (TP),

Bold values indicate p < 0.05

SE standard error, HR heart rate, SDNN standard deviation of all NN
intervals, RMSSDroot of the mean of the sum of squares of differ-
ences between adjacent NN intervals, NN intervals normal-to-normal
intervals, TPtotal power, LF/HFratio low-frequency power/high-
frequency power, LFnorm and HFnormlow-frequency and high-
frequency power in normalized units, LF and HF power in high-fre-
quency and low-frequency range in absolute values, respectively

*Student’s T test

were increased compared to patients without delirium. This
indicates that patients with delirium had a stronger auto-
nomic modulation of the sinus node. Patients with delirium
had higher HRV indices indicating parasympathetic control
(such as HF abs and RMSSD), but sympathetic modulation
might also be larger, as LF is a result of both sympathetic
and parasympathetic activity. This results in higher values
of SDNN and TP, reflecting total variability in the group
with delirium.

Secondly, the findings of higher HF norm, lower LF norm
and thus lower LF/HF ratio in patients with delirium were
similar in both the group with preoperative delirium and
postoperative delirium.

A usual ECG investigation returns heart rate and possibly
heart rhythm disturbances. In our study, as in many previous
studies, the heart rate is not different between the groups
despite profound differences in HRV parameters. Also in our
study, HRV revealed hidden characteristics in ECG which
otherwise are missed [8].

Increased SDNN and TP are generally interpreted as
increased heart rate variability, and SDNN is usually highly
correlated with TP [30]. SDNN is an established risk fac-
tor for cardiovascular events and general health in 24-h
measurements [10, 31], but also shorter measurements have
shown similar results [32, 33].

Differences in HFnorm, LFnorm and LF/HF are usu-
ally discussed in terms of ANS. Increased activity of SNS
should result in increased LFnorm and increased activity
of PNS in increased HFnorm. Based on the findings that
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increased stress and serious disease would increase LF and
decrease HF, we would have expected patients with delirium
to have an elevated LF/HF ratio, as well as reduced SDNN.
However, this was not the case in our findings. Stress, how-
ever, does not necessarily lead to increased LF or decreased
SDNN [34]. Several experimental stress studies also
observed a decreased LF in (experimental) stress situations
[35-37]. SDNN values are also usually decreased during
mental stress [38], but increased values have been reported
[39]. According to the classical stress response paradigm,
the stress response is divided into a first phase where primar-
ily the SNS is activated, and PNS suppressed, and a second
phase, when the PNS is involved in restoring physiological
functions [40]. The increased SDNN in delirium patients
could be based on an abnormal stress response.

Although no unified explanations of the pathophysiolog-
ical mechanisms of delirium are presented until now, the
upregulation of adrenergic pathways and consecutively the
sympathetic nervous system (SNS) has been proposed [41].
Other models explain delirium as a consequence of neuro-
immunological changes caused by the release of different
proinflammatory mediators [42].

The vagal nerve not only is involved in heart rate reg-
ulation, but also plays a role in respiration, inflammation
and metabolic control [40, 43, 44]. When parasympathetic
nerves sense increased interleukin-1, afferent fibres signal to
the brain and cause eventually increased vagal efferent activ-
ity which triggers the release of acetylcholine, dampening
local inflammatory reactions [45] as countermeasure. Both
increased SDNN, TP and HFnorm and decreased LFnorm
might reflect this effect on the vagal function.

In the last years, HRV has been increasingly discussed
as a proxy for adaptivity of the brain to internal or external
perturbations [46]. In our sample, increased heart rate vari-
ability might not reflect adaptivity, but might indicate that in
acute situations like delirium HRV rather mirrors the occur-
ring physiological changes.

We are not aware of previous studies investigating HRV
in relation to delirium in hip fracture patients. There are only
a few previous studies that have focused on the association
between delirium and HRV in other patient groups. In one
study comparing patients with and without delirium in an
intensive care unit (ICU), no significant differences in HFnu
or LF/HF were found [24]. The study investigated, however,
only 13 patients with, and 12 without delirium which might
indicate that the study was statistically underpowered. The
direction of the reported results was that mean HF norm was
higher in delirium group and the LF/HF ratio was lower in
delirium. Thus, the direction of the differences was the same
as in our study.

In another investigation including 60 ICU patients,
patients in a delirium state had higher SDNN (like in our
study), RMSSD and entropy values, but no differences
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in frequency-domain parameters [47]. Finally, a study
investigated 14 geriatric patients with an infection and
measured HRV in supine and head-up tilt position [25].
In patients with delirium, SDNN and RMSSD values were
higher and LF lower, similar as in our study.

Our study has some strengths. The delirium assess-
ments were conducted by the study geriatrician (LOW) or
by trained study nurses using a standardized instrument.
We used a standardized approach in obtaining HRV data
early after the arrival in the hospital.

There are limitations to this work that should be noted.
The sample size is too small to be able to adjust for drug
use or dementia status in the statistical analyses. Thus, we
cannot rule out that the observed HRV differences could
be explained largely by dementia. A recent meta-analysis,
however, concluded that in most previous investigations,
HRYV values were reduced in dementia [48], except in one
study, where LF and HF (but not SDNN, or TP) were ele-
vated [49]. We therefore interpret the observed increased
HRYV values in the present study to be associated with
delirium.

Other possible confounders that effect HRV variables
are respiratory rate and heart rate, as well as medication.
We did not measure respiratory rate during ECG record-
ing. There were no significant differences in mean heart
rate between the groups. This lack of heart rate differences
can be an indirect indication that respiratory rate was not
affected significantly. Usually, respiratory rates between
8 and 20 should not have major effects on HRV and HRV
measurements [50].

Conclusion

In this explorative study on HRV in hip fracture patients, we
found associations between delirium and increased values
of SDNN and TP, as well as a decreased LF/HF ratio. HRV
measurements provide additional information beyond heart
rate and might be used to identify relevant pathophysiologi-
cal factors in delirium.
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