The aim of this study was to compare plasma
and serum protein profiles in elderly acute hip
fracture patients with and without delirium. The
spectra from surface-enhanced laser desorption
ionization (SELDI) using time-of-flight (TOF)
mass spectrometry of 16 patients without and 16
patients with delirium (two groups of eight and
eight) scored using the Confusion Assessment
Method were compared. The most discriminating
peak of 15.9 kDa in plasma in a testing group of
eight patients with delirium to eight patients
without delirium was confirmed in an indepen-
dent validation group. Taking both groups
together, three discriminating peaks of 7.97, 15.9,
and 16.0 kDa were found in delirious patients.
These peaks presumably correspond to hemoglo-
bin-B, its doubly charged ion, and its glycosy-
lated form.

(The Journal of Neuropsychiatry and Clinical
Neurosciences 2009; 21:284-291)
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Delirium is a neuropsychiatric syndrome character-
ized by the rapid onset of fluctuating changes in
consciousness and attention, caused by physiologic
consequences of a medical condition (DSM-IV criteria).
A hip fracture and orthopedic surgery are both impor-
tant etiologic factors for developing delirium." The fre-
quency of postoperative delirium following orthopedic
surgery for hip fracture varies between 16% and 62%,
with a mean duration of 3 days." Delirium is often
unrecognized or misdiagnosed by physicians caring for
elderly patients.” Though patients usually recover after
treating the provocative factor, delirium is associated
with a three-times increased mortality risk, higher mor-
bidity risk, and increased health care costs.>*
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The pathophysiology of delirium is still poorly un-
derstood although several mechanisms have been pro-
posed.” Some studies looked at individual proteins in
relation to delirium to unravel the pathophysiology.®
These candidates were studied based on a priori models
of pathophysiology, thus running the risk of missing
possible alternative mechanisms. Proteomics, the large-
scale study of proteins, provides the opportunity to
identify proteins potentially involved in the pathophys-
iological mechanism, for example, by comparing pro-
tein expression profiles.” Differences in protein profiles
in brain tissue have been found in a rat model of hy-
peractive delirium.® In blood plasma, proteomic tech-
niques have revealed specific oxidized proteins associ-
ated with Alzheimer’s disease.”

We hypothesize that differences in protein profiles
also occur in patients who develop delirium. Since or-
thopedic surgery after a hip fracture is a time-defined
trigger for postoperative delirium with in-hospital re-
covery, this setting provides a good opportunity to
study protein expression during the development of
delirium in elderly patients. The aim of the current
study was to compare the protein profiles found in
plasma and serum in patients during a postoperative
delirium with the profiles of patients without postop-
erative delirium and to identify protein(s) correspond-
ing to possible observed discriminating peaks.

METHODS

Patients

All consecutive patients ages 65 years or older suffering
from an acute hip fracture and scheduled for operation
at the Department of Orthopedic Surgery or Trauma-
tology of the Academic Medical Centre, Amsterdam,
were invited to participate in this cohort study from
May 2005 until September 2006. We obtained informed
consent from the patients or from the substitute deci-
sion-makers in cases of cognitive impairment. Patients
were excluded if they were unable to speak or under-
stand Dutch or English. The Institutional Medical Ethics
Committee approved the study.

We selected a random group of eight patients with
delirium and eight patients without delirium as a test-
ing group. We selected the patients without delirium to
resemble the delirium patients as much as possible with
respect to type of anesthesia (spinal or general), gender,
and postoperative day. If this testing group resulted in
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significant differences in protein profile between pa-
tients with and without delirium, a second random
group consisting of eight patients with and eight with-
out delirium (validation group) would be selected. If
the validation group confirmed the findings from the
testing group, both groups would be combined in the
subsequent analysis, which then would consist of 16
patients with delirium and 16 patients without delir-
ium.

Procedures

Two geriatric physicians (SR), a fellow in geriatric med-
icine (BM), and a team of research nurses trained in
geriatric medicine collected demographic and clinical
data from all study participants. The presence or ab-
sence of delirium was scored during weekdays sepa-
rately by a physician and a nurse using the Confusion
Assessment Method." The Confusion Assessment
Method has an overall sensitivity of 94% (95% confi-
dence interval [CI]=91%-97%) and specificity of 89%
(95% CI=85%-94%) for diagnosing delirium."" We
based our clinical judgment on psychiatric examination
of the patient; medical and nursing records, including
the Delirium Observation Screening Scale (DOSS)'%;
and information given by relatives. When there was
disagreement about the diagnosis between nurse and
geriatrician, the patient was discussed in the geriatric
consultation team to gain consensus.

Possible confounding factors were registered for all
patients (e.g., fracture characteristics, type of anesthe-
sia, type of surgery, time between hip fracture and sur-
gery, blood transfusions, demography, number of med-
ications taken before admission, cognitive impairment,
and functionality). Anesthetic medication was limited
to a protocol for spinal anesthesia and a protocol for
general anesthesia. Cognitive functioning was scored
by medical history and the Informant Questionnaire on
Cognitive Decline. This questionnaire assesses the pos-
sible presence of global cognitive decline before admis-
sion, based on the response of an informant who had
known the patient for at least 10 years."® The informant
was asked to recollect the situation 2 weeks before the
hip fracture and to compare it with the situation 10
years before. Patients with a mean score of 3.9 or more
were considered to have preexistent cognitive impair-
ment."* To measure functionality we asked the infor-
mant to complete the 15-item Katz Index of Indepen-
dence in Activities of Daily Living scale based on the
situation 2 weeks before the hip fracture."” The maxi-
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mum score of 15 indicates severe functional impair-
ment.

For all patients several blood samples, serum, and
ethylenediamine tetra-acetic acid (EDTA) plasma were
collected under similar strict conditions around 11:00
a.m. Blood samples were taken on average 2 days after
surgery for patients with and without delirium. For the
patients with delirium we used a sample taken during
the delirious episode and an additional blood sample
on average six days after the episode. Blood was col-
lected in tubes both with and without anticoagulants
and kept on ice. Serum was obtained after allowing the
blood samples to clot at room temperature for 30 min-
utes. After centrifugation for 15 minutes at 4000 RPM
(1780g) at 4°C, the aliquots were stored at —80°C.

Proteomic Analysis
Protein profiles of serum and EDTA plasma samples
were generated using anionic surfaces of CM10 Protein-
Chip Arrays and cationic surfaces of Q10 ProteinChip
Arrays (Ciphergen Biosystems Inc., Fremont, Calif.).
Experiments were blinded for sample type, and sam-
ples were applied in random order. ProteinChip Arrays
were analyzed using a PBSIIc ProteinChip Reader (Ci-
phergen Biosystems Inc., Fremont, Calif.), a linear laser
desorption/ionization time-of-flight mass spectrometer
equipped with time-lag focusing. This resulted in mass
spectra composed of mass to charge ratios (m/z values)
and intensities of the desorbed (poly)peptide ions. All
spectra were acquired in positive-ion mode.

Preprocessing of Seldi-TOF MS Data for Further Analysis
Data were preprocessed using Ciphergen ProteinChip
Software 3.1.1. Spectra were calibrated against a mix-
ture of known peptides. Spectra from validation group
samples were calibrated with testing group calibration
coefficients. Further preprocesssing steps were spot-to-
spot calibration, baseline subtraction, and normaliza-
tion to the average total ion current. A detailed descrip-
tion of preprocessing steps can be found in the
Supplementary Information. Peaks in the mass range
from 1.7 to 50 kDa were detected using Biomarker Wiz-
ard™. Resulting peak intensities were log2-transformed
in order to stabilize their variance.

Data Analysis

We tested for differences in demographic and clinical
characteristics in patients with and without delirium
using t tests, Mann-Whitney tests, and chi-square tests.
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A two-tailed p value of less than 0.05 was considered
statistically significant.

We compared profiles to identify peaks differentially
expressed between both groups and corrected them for
chip effect, type of anesthesia, and whether patients
received a blood transfusion. Between-group compari-
sons were done using a moderated t test.'® This test is
similar to a standard t test for each peak except that the
standard errors are moderated across peaks to ensure
more stable inference for each peak. The resulting p
values were corrected for multiple testing using the
Benjamini-Hochberg False Discovery Rate (FDR) ad-
justment.'” Tests were considered to be significant if
p<0.05 in all cases.

RESULTS

During the inclusion period, 149 patients ages 65 years
or older were admitted for acute hip surgery, of which
74 patients gave informed consent for participation in
this study with multiple blood sampling. Of these 74
patients, 35 (47%) experienced delirium during admis-
sion. For the current study, a group of 16 patients with
and 16 patients without postoperative delirium was
selected. For the selected patients with delirium the
mean age was 85 years old (SD=7.6) and 19% were
male, while for the patients without delirium the mean
age was 83 years (SD=7.8) and 38% were male. The
number of medications taken before hospital admission
was significantly higher in patients with delirium
(z=-2.5, p=0.01) (Table 1).

After correction for multiple testing, discriminating
peaks were found in overall testing in EDTA plasma
and serum applied to the CM10 chip and EDTA
plasma applied to the Q10 chip (Table 2). The most
discriminating peak of 15.9 kDa was found in EDTA
plasma applied to the CM10 chip in samples taken
during delirium compared to samples of nondeliri-
ous patients (t=—4.1, df=21, p=0.002 [FDR]). The
protein profiles of eight patients during and after
delirium were compared in a paired analysis: we
found a discriminating peak (5.8 kDa) with serum
applied to CM10 ProteinChip Array (t=3.7, df=21,
p=0.043 [FDR]). No significant differences in protein
profile were found with serum applied to Q10 Pro-
teinChip Arrays. For all four combinations of chip
type and kind of blood sample, no significant inter-
action effect of ProteinChip Array and delirium
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group, type of anesthesia and delirium-group or
“preexistent cognitive impairment” and delirium-
group was found. Moreover, after stratifying for hav-
ing had blood transfusions or not, similar results
were found (data not shown).

Since the largest and most interesting difference was
found in the profiles of patients with and without de-
lirium obtained with EDTA plasma applied to CM10
ProteinChip Arrays, we decided to concentrate on this
finding (i.e., to validate it). The intensity of the discrim-
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inating peaks observed with EDTA plasma of the test-
ing group using CM10 ProteinChip Arrays was also
determined in the validation group. The intensity of the
15.9 kDa peak was again significantly different in over-
all testing (F=2.7, df, =2, df,=21, p=0.05). The intensity
of this peak was also significantly higher during delir-
ium versus patients without delirium (t=2.3, df=21,
p=0.03) and after delirium versus patients without de-
lirium (t=2.1, df=21, p=0,041). No significant differ-
ence was found for this peak comparing the same pa-

TABLE1. Baseline Characteristics of a Test Group of 16 Hip Fracture Patients (Eight With Delirium) Taken Together With a Validation

Group of 16 Hip Fracture Patients (Eight With Delirium)

Delirium No Delirium
n (%) n (%) p

Age, years (SD) 84.6 (7.6) 83.2 (7.8) 0.59
Male 3 (19%) 6 (38%) 0.24
Living at home 12 (75%) 15 (94%) 0.14
Katz Activities of Daily Living Index

0 (no) 1 (7%) 3 (20%) 0.18

1-3 (mild) 1 (7%) 5(33%)

4-6 (medium) 5 (36%) 3 (20%)

=7 (severe) 7 (50%) 4 (27%)
Number of medications before admission (SD) 6 (1-12) 2 (0-9) 0.01
Pre-existent cognitive impairment 5 (36%) 3 (19%) 0.24
Days between fracture and operation (SD) 1(0-2) 1(0-2) 0.51
Spinal anesthesia 5 (31%) 9 (56%) 0.26
Fracture characteristics

Femoral neck 9 (56%) 5 (31%) 0.15

Intertrochanteric 6 (38%) 6 (38%)

Other 1 (6%) 5(31%)
Type of surgery

Internal fixation 7 (44%) 11 (69%) 0.15

Hip replacement 9 (56%) 5 (31%)
Preoperative hemoglobin (mg/1) (SD) 8.1(1.1) 7.8 (0.6) 0.45
Blood transfusion 6 (38%) 4 (25%) 0.45

Mean values (SD) are given for continuous variables with a normal distribution. Median values (range) are given for continuous variables that
are not normally distributed.

TABLE 2. Main Results from the Testing Group: Eight Patients With Delirium (During and After Delirium) and Eight Patients Without
Delirium

During Delirium After Delirium

Significant Overall Test Versus Without Versus Without During Delirium
Peaks limma (F) delirium (t) Delirium (t) Versus After Delirium* (t)
(kDa) (df,=2, df,=21) (df=21) (df=21) (df=7)
CM10 EDTA plasma 159
test value 9.6 —4.2 -3.1 2.3
p-value (FDR) 0.007 0.002 0.042 0.3
CM10 serum 5.8
test value 1.30 -1.2 —-49 —=5.5
p-value (FDR) 0.011 0.95 0.004 0.022
Q10 EDTA plasma 4.5
test value 10.4 3.1 44 -1.6
p-value (FDR) 0.054 0.36 0.017 0.48
Q10 serum - - - - -

*Paired analysis
No interaction with chip, anesthesia, or pre-existent cognitive impairment observed. FDR=False Discovery Rate adjustment;
EDTA=ethylenediamine tetra-acetic acid
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tients during and after delirium in paired analysis
(t=—0.15, df=21, p=0.88).

Since the results of the testing group were validated
in the second group, we considered the two groups to
be one study group consisting of 16 delirious patients
and 16 patients without delirium for the subsequent
analyses. A total of 35 peaks were detected when EDTA
plasma was applied to CM10 ProteinChip Arrays. More
power led to more significant results; three peaks were
significantly different in the overall testing after correc-
tion for multiple testing: 15.9 kDa (F=9.19, df;=2,
df,=45, p=0.007 [FDR]), 16.0 kDa (F=10.5, df;=2,
df,=45, p=0.005 [FDR]), and 7.97 kDa (F=8.2, df,=2,
df,=45, p=0.01 [FDR]). We found no significant inter-
action with chip effect, and adjustment for type of an-
esthesia or stratification for blood transfusion did not
alter our findings. The three peaks with masses of 15.9,
16.0, and 7.97 kDa correlated significantly with each
other, with correlation coefficients of 0.91, 0.91 and 0.95,
respectively (p<<0.001). Figure 1 shows representative
SELDI-TOF mass spectra of EDTA plasma samples of a
patient during and after delirium and a patient without
delirium. In the best spectra, a difference of about 162
Da between the 15.9 and the 16.0 kDa peaks could be
measured, which is strongly indicative of glycosylation.
The 7.97 kDa peak results from a doubly charged ion of

the same protein as detected at 159 kDa (singly
charged). This could be deduced from the absolute
mass values as well as from the correlation in relative
intensities of the two peaks (with the 7.97 peak inten-
sities being only a fraction of the 15.9 peak intensities).
Based on the observed mass and the efficient glycosyl-
ation we deduced that the peak represented hemoglo-
bin-B. The spectra obtained in this mass range closely
resemble those obtained previously, including their ef-
ficient glycosylation (e.g., with hemoglobin from plas-
ma).'®'” In order to confirm our assumption that the
observed peaks represent hemoglobin-$, we attempted
to deplete the plasma samples with the aid of antihe-
moglobin-B antibodies to show that this resulted in the
specific disappearance of all three peaks. However, the
antibodies did not precipitate efficiently enough for a
conclusive experiment in this regard. Mature hemoglo-
bin levels were compared between patients with and
without delirium. Hemoglobin levels of delirious pa-
tients 2 days after surgery (median 6.7 mg/liter) were
comparable to patients without delirium (median 6.1
mg/liter) (z=—0.6, p=0.56). Moreover, there was no
correlation between hemoglobin and the total peaks
(p=0.24).

Figure 2 shows the log2-transformed sum of the peak
intensities of the combination of 7.97, 15.9, and 16.0 kDa

FIGURE1. SELDI-TOF Mass Spectra
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SELDI-TOF=surface-enhanced laser desorption ionization (SELDI) using time-of-flight (TOF) mass spectrometry. Ethylenediamine tetra-
acetic acid (EDTA) plasma samples of a patient during and after delirium and a patient without delirium were applied to CM10
ProteinChip Arrays. Representative spectra are shown. Mass ranges=15,500 to 16,500 m/z.
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peaks of 16 patients during delirium and after delirium
and 16 patients without delirium in EDTA plasma ap-
plied to CM10 ProteinChip Arrays. Based on the total
intensity of the 15.9 kDa and related peaks, we calcu-
lated the diagnostic potential of this candidate bio-
marker (Table 3). Diagnostic accuracy expressed as area
under the curve showed a good diagnostic value of the
three different representatives and the combined value
of the significant peaks for all 16 patients during delir-
ium versus 16 patients without delirium, with areas
under the curve above 0.83.

DISCUSSION

In this study we found a significantly different protein
profile in elderly hip fracture patients experiencing
postoperative delirium as compared to patients who
underwent the same operation, but did not become
delirious. Differences in profiles were based on three
discriminating peaks, which we identified as hemoglo-
bin-B, its glycosylated form, and the doubly charged
ion of the protein.

In our study population the somatic trigger (a hip
fracture combined with surgery) leading to delirium
was equal for all patients, and the fraction of patients
with delirium (47%) was in line with the expectation
based on the literature (16%-62%).> Although both

FIGURE 2. Peak Intensity, Log2-Transformed, of the
Combination of 7.97, 15.9, and 16.0 kDa Peaks of
Patients during Delirium (n=16), after Delirium
(n=16), and Patients Without Delirium (n=16) in
EDTA Plasma Applied to CM10 ProteinChip Arrays
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EDTA=Ethylenediamine tetra-acetic acid
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groups did not significantly differ in percentage of cog-
nitive impairment, this important risk factor for delir-
ium was not completely similar between both groups.*
However it is unlikely that the observed differences in
SELDI patterns are caused by the preexisting cognitive
impairment since hemoglobin-8 has never been de-
tected in proteomics research of cognitive impairment.’

To our knowledge, proteomic research of other
known risk factors of delirium has not been performed.
Although we do not completely understand the role of
elevated hemoglobin-g in patients with delirium, a re-
lation between delirium and low hemoglobin has been
described.”! However, in our study no correlation was
found between the intensity of the total hemoglobin-3
peak and hemoglobin blood levels. Moreover, hemoglo-
bin levels in patients with and without delirium were
comparable. Also, the hemoglobin-f did not originate
from the packed cells for transfusion given that after the
exclusion of all patients with a blood transfusion, the
SELDI pattern still showed significant differences. Only
patients with delirium were treated with haloperidol,
so hemoglobin-g differences could in theory be related
to this treatment and not to the underlying disorder.
Haloperidol attaches to the D2 dopamine receptors in
the brain, so a direct pathophysiological link with he-
moglobin-f levels is hard to envisage.

We are convinced that the peaks indeed represent
(different forms of) hemoglobin-B due to the mass value
observed, its efficient glycosylation, the characteristics
of hemoglobin subunits, and the close similarities with
published msec spectra obtained with hemoglobin-8.%
This identification, however, is not absolutely certain
because it is only based on the spectrum as such. Col-
lision-induced fragmentation followed by msec/msec
sequencing is not an option with proteins of this size, so
we tried to obtain independent confirmation of our

TABLE 3. Diagnostic Value of the Significant Peaks Observed in
EDTA Plasma Applied to CM10 ProteinChip Arrays
of 16 Patients During Delirium Compared With 16
Patients Without Delirium

AUC p (FDR) Sensitivity Specificity
Peak 16.0 kDa 0.83 0.001
Peak 15.9 kDa 0.84 0.001
Peak 7.97 kDa 0.88 <0.001
Total peaks 0.85 0.001 0.94* 0.62*

AUC=area under the curve; FDR=False Discovery Rate adjust-
ment; EDTA=ethylenediamine tetra-acetic acid
*cut-off=—-1.28
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identification with the aid of an immunodepletion ap-
proach. However, the B-specific antibodies available
did not allow us to get detectable levels of precipitation.
Hemoglobin A, the predominant hemoglobin in adults,
consists of two a chains and two B chains. Although
more studies identified only hemoglobin-8,>">° one
would expect comparable intensities for hemoglobin-a
(with an estimated mass of 15.1 kDa) and hemoglo-
bin-B. Possible reasons for the absence of a peak repre-
senting hemoglobin-a could be the breakdown of he-
moglobin-a during sample preparation and/or
inefficient ionization.

This SELDI analysis may not have revealed all differ-
ences in protein profiles, since there are some limita-
tions of this analysis. First, only a selection of Protein-
Chip Arrays were used and mainly molecular masses
below 20 kDa were detected. In addition, the identifi-
cation of other differences between both groups could
be hampered by the small sample size of the study
population, the relatively low amount present of possi-
ble differences in protein expression and their ioniza-
tion efficiency. In general, poor reproducibility of pro-
teomics due to the combination of detection sensitivity,
large impact of impurities, and lack of methodological
rigor is one of the difficulties that must be overcome in
order for proteomic technology to become a robust tool.
Finally, as delirium is caused by cerebral processes, it
could have been more informative to sample CSF or
even brain tissue for identification of proteins involved
in the pathophysiology. However, besides the ethical
problems of pursuing this approach in confused elderly
patients, a possible identified biomarker found in CSF
would have very limited value in daily clinical practice.

The first hypothesis of the pathophysiology of delir-
ium showed that delirium is a syndrome of general
cerebral insufficiency.” Patients with indicators of oxi-
dative dysfunction developed delirium more fre-
quently, and this was not linked to illness severity.*”*®

During hypoxemia nitric oxide is responsible for the
vasodilatation to enhance oxygen transport after
bounding to the cysteine in the hemoglobin-B.*° In the
CNS, nitric oxide has an array of functions, such as the
regulation of synaptic plasticity, the sleep-wake cycle,
and hormone secretion.®® Hemoglobin-B has also re-
cently been discovered as a biomarker for early diag-
nosis of different types of cancer.”>>> This was ascribed
to increased susceptibility of erythrocyte membrane to
hemolysis due to biochemical modifications in women
with ovarian cancer.”® In our study, it is improbable
that patients with delirium experienced more hemolysis
than patients without delirium. If this biomarker would
reflect common stress factors, it could explain the
higher intensity in our hip fracture patients with delir-
ium as compared to patients without delirium, as pa-
tients experience delirium as a stressful event.!

The sensitivity of 0.94 of the three peaks together in
diagnosing delirium (Table 3) offers potential as a pos-
sible biomarker for the diagnosis of delirium, since de-
lirium is frequently missed.”> This sensitivity is even
higher than that for a screening instrument such as the
Delirium Observation Screening Scale.'? For this pur-
pose a rapid assay measuring hemoglobin-f concentra-
tion should be developed. However, future studies with
different design are needed to confirm the association
between hemoglobin-B and delirium and to elucidate
the exact role of hemoglobin-f in its pathophysiological
process.

This material was previously presented at the Dutch Con-
gress of Geriatrics in Rotterdam, The Netherlands, February
2008, and at the International Psychogeriatric Association in
Osaka, Japan, October 2007. The authors wish to thank the
research nurses AW] Giesbers, JL Popma, CMM van Rijn,
ACL Scheffer, and MJA van der Zwaan, and the geriatric
physician, [L Parlevliet, for collecting data.
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