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Background. Delirium is a common and serious syndrome in elderly patients. The hypoactive type of delirium is known to have
different characteristics, but further studies are needed to define the specificities of these characteristics. Our study aims at finding
specific risk factors, especially estimated blood loss during operations of hyper- and hypoactive delirium in orthopedic elderly
patients. Methods. One hundred and seventy-five elderly patients were evaluated using the Confusion Assessment Method (CAM)
and the 4™ edition text revision of the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV-TR). Trained psychiatrists
interviewed the subjects directly at pre- and postoperative time points. We reviewed medical records after the patients were
discharged. Results. Thirty-nine patients (22.3%) were diagnosed with multiple types of delirium, which included 17 hyperactive
types (65.9%), 13 hypoactive types (33.3%), and 9 mixed types (23.1%). Although the mean estimated blood loss in patients with
either hyper- or hypoactive symptoms was larger than in patients lacking these symptoms, the odds ratio was only significant in
patients with hyperactive symptoms. In addition, age, preoperative daily function, and preoperative hyponatremia were found to be
risk factors for hyperactive but not hypoactive symptoms. Conclusion. Patients with hypoactive symptoms had different risk factors
than patients with hyperactive symptoms of delirium. The estimated blood loss, well-known risk factors for delirium, might be risk
factors for only hyperactive delirium. The acute precipitating factors seemed to show stronger correlation with the hyperactive type
of delirium than with the hypoactive type.

1. Introduction

Delirium is a common and serious syndrome in elderly
patients. It is one of the most cost consuming problems in
the medical systems of aged societies. More specifically, post-
operative delirium is a common and disturbing complication
for surgeons [1-4].

The Diagnostic and Statistical Manual of Mental Disor-
ders, 51 edition (DSM-5), defines delirium as a disturbance
of attention or awareness that is accompanied by a change
in baseline cognition that cannot be better explained by a
preexisting or evolving neurocognitive disorder. It has two
kinds of specifiers: persistency (acute or persistent) and the
level of activity (hyperactive, hypoactive, or mixed)|[5].

The prevalence of postoperative delirium varies from 15
to 53% in older individuals depending on the settings and
populations; it is in any case too high to be neglected. In
addition to the high prevalence, the prognosis of delirium is
very poor. Although the majority of individuals with delirium
recover fully, the disease can give poorer consequences
including impaired postoperative recovery, increased risk
of nursing home placement, prolonged hospitalization, and
increased mortality. [4-6].

Although delirium tends to be underdiagnosed, early
recognition and intervention can prevent the development
and progress of the disease[7-9]. Numerous studies exploring
the risk factors of delirium have separated them into two
categories: the predisposing factors (age, cognitive symptoms,
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psychiatric disorders, medical comorbidities, and premorbid
functions) and the precipitating factors (medication, phys-
iological disturbances such as electrolyte imbalances and
metabolic acidosis, dehydration, fractures, hypoxia, infec-
tion, pain, catheterization, and environmental change)3,
4, 10-12]. Intraoperative factors such as large blood loss
during operation, long operation time, and high volume of
transfusion can also precipitate delirium.

Blood loss may be one of the most important intraoper-
ative and also perioperative precipitating factors in elderly
patients who undergo surgical procedures. As the amount
of blood loss cannot be measured directly during operation,
many formulae strive to calculate the accurate amount of
blood loss by estimating the volume of red blood cells or the
volume of whole blood using either the hematocrits or the
hemoglobin of patients[13].

Besides hyperactive delirium which is commonly known
in clinical situation, nowadays hypoactive delirium has started
to attract attention from many clinicians and researchers.
Although the symptoms of hypoactive delirium are silent,
recent studies have recognized prognostic significance of
hypoactive delirium[14-16]. Avelino-Silva et al. further
reported that patients with hypoactive symptoms have worse
prognosis than patients from other types of delirium[17]. Also
because of the characteristics of symptoms, many hypoactive
patients do not get the attention they need and there are
not enough studies on hypoactive delirium yet. So specific
characteristics of hypoactive delirium are still unclear[15].

In this study we aim at unveiling the specific risk factors
of hyperactive and hypoactive delirium. Here we hypothesize
that hyperactive and hypoactive types of the disease might
be differently affected by blood loss during operations. We
further hypothesize that elderly patients who underwent
orthopedic surgery and had large blood loss during opera-
tions were at bigger risk of developing delirium.

2. Materials and Methods

2.1. Study Population. One hundred and seventy-five elderly
patients who were admitted at the Department of Orthopedic
Surgery, Hallym University Sacred Heart Hospital, between
May 2013 and May 2014 were enrolled in this study before they
underwent surgery. They were all over 65 years old at the time
of admission. The surgery was about the bone treatment from
fracture fixation to artificial joint. The patients with simple
procedures like hardware removals were excluded because
only the patients admitted more than five days were enrolled
for estimation of the perioperative blood loss. We excluded
the subjects who could not communicate verbally as well
as those who could not take the evaluation process due to
serious medical problems or brain injuries at the time of
admission.

All patients gave their informed consent and the Institu-
tional Review Board of the Hallym University Sacred Heart
Hospital approved this study.

2.2. Data Collection. The subjects were evaluated three times:
on the first or second hospital day, on the second postop-
erative day, and after discharge. The first two evaluations
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were directly done by psychiatrists whereas we reviewed
the medical chart for the third evaluation after the patients’
discharge.

At admission, demographic data, baseline functional
disability, diagnosis of dementia, and medical history were
confirmed by the patients and their primary caretakers.
Pre-, intra-, and postoperative parameters were obtained by
reviewing the medical records.

2.3. Delirium Assessment. The Confusion Assessment
Method (CAM)([18, 19]. was used to evaluate the patients
for delirium at the first and second evaluations. CAM,
an instrument with high sensitivity and specificity, is the
most widely used method of delirium detection in clinical
setting[18, 20].

To diagnose delirium and dementia clinically, psychi-
atrists interviewed the patients using the Diagnostic and
Statistical Manual of Mental Disorders, 4™ ed., text revision
(DSM-IV-TR)[21]. As enrollment had started in May 2013, we
could not use the DSM-5.

As there are no subtype specifiers for delirium in the
DSM-IV-TR,[21]. we referred to the Assessment and Treat-
ment of Delirium of Canadian Coalition for Senior’s Mental
Health to classify the different subtypes (depending on the
level of activity)[22, 23].

All the assessments were done by trained psychiatrists
through face-to-face interviews.

2.4. Estimating the Amount of Blood Loss. We used Mercu-
riali’s formula to estimate the amount of perioperative blood
loss. Mercuriali’s formula estimates the volume of red blood
cells (RBC) based on the preoperative hematocrit (Hctpreop)
and the fifth postoperative day hematocrit (Hetyyys postop)-
This formula is suitable for estimating blood loss in surgery
in clinical setting as it has the advantage of being very clear in
time and user friendly[13, 24].

Estimated blood loss = blood volume x (Hct
Hetyays postop) + ml of transfused RBC

preop

The blood volume was estimated using Nadler’s
formula[25].

Men: 604 + 0.0003668 x [size(cm)]® + 322 x
weight(kg)

Women: 183 + 0.000356 X [size(cm)]® + 33 X
weight(kg)

2.5. Statistical Analysis. Statistical analyses were performed
using both univariate (independent t-test and Pearson’s chi-
squared test) and multivariate (logistic regression) proce-
dures. We classified the groups into delirium group and
control group due to diagnosing process with DSM-IV-TR.
We used Statistical Package for the Social Sciences Statistics
24 (SPSS 24) (IBM) for analyses and we set significance at
P<0.05 (2-sided).



BioMed Research International 3
TaBLE 1: Demographic and perioperative characteristics of the subjects.
Delirium Without Delirium Total
(N=39) (N=136) (N=175)
Age (years)* 76.95+6.48 73.24+5.77 74.06+6.12
Sex(male/female) 12/27 39/97 51/124
Education”
None 17 (43.6%) 31(22.8%) 48 (27.4%)
Elementary School 17 (43.6%) 50 (36.8%) 67 (38.3%)
Middle School 2 (51%) 26 (19.1%) 28 (16.0%)
High School 1(2.6%) 25 (18.4%) 26 (14.9%)
Over College 2 (5.1%) 4(2.9%) 6 (3.4%)
Dementia™” 2 (5.1%) 3(2.2%) 5(2.9%)
Daily Function”
Independent 21 (53.8%) 96 (70.6%) 117 (66.9%)
Need Help in Complex External Activities 9 (23.1%) 33 (24.3%) 42 (24.0%)
Need Help in Daily Living Intermittently 7 (17.9%) 4(2.9%) 11 (6.3%)
Fully Dependent 2 (5.1%) 3(2.2%) 5(2.9%)
Estimated Blood Loss(ml)™** 991.17+1009.30 521.524599.85 626.19+734.89
Red Blood Cell
Preop’ Hemoglobin(g/1)* 12.02+2.15 12.66£1.52 12.52+1.70
Preop’ Hematocrit(%)* 35.75+6.00 37.54+4.35 37.14+4.80
Postop'" Hemoglobin(g/1)* 10.51+1.51 11.2741.50 11.09+1.53
Postop'" Hematocrit(%) 31.04+4.42 33.28+4.29 32.77+4.41
Operation Time (min) 142.05+93.14 121.93+83.63 126.44+85.99
Anesthetic Time (min) 205.77+102.28 176.41+94.12 183.15+96.54

Electrolytes

PreopJr Sodium (mmol/1)* 135.05+20.28 139.9043.31 138.82+10.12

Preop' Potassium(mmol/l) 4.21+0.59 4.29+0.52 4.27+0.54

Postop'" Sodium (mmol/I) 134.03+20.26 136.84+12.21 136.20+14.42

Postop " Potassium (mmol/l) 3.65+0.40 3.88+0.49 3.83+0.48
Pain

Preop’ Pain (VAS) 2.00+1.41 1.87+1.66 1.90+1.61

Postop'" Pain (VAS)* 1.59+2.02 0.75+1.35 0.94+1.56

*P<0.05. ** Diagnosed with Diagnostic and Statistical Manual of Mental Disorders, 4™ ed, text revision (DSM-TV-TR). *The estimated volume of blood loss
was determined through Mercuriali’s formula.”* P<0.001. "The sample was taken on the first or second hospital day, before operation. ""The sample was taken

on the second postoperative day

3. Results

We screened 532 patients and we enrolled 175 patients with
informed consents (mean age of 74.06), 124 of which were
women. 39 patients were diagnosed as delirium: 17 hyperac-
tive types, 13 hypoactive types, and 9 mixed types. Table 1
shows the demographic and perioperative characteristics of
the subjects.

Subjects with delirium were older (p=0.001) and had
lower educational level (p=0.006) than those without delir-
ium. They did not have dementia more frequently (p=0.126)
but they did show lower daily functioning compared to
subjects without delirium(p=0.005).

We also found lower preoperative levels of hemoglobin
(p=0.038), hematocrit (p=0.040), and sodium (p=0.008)
as well as lower postoperative hemoglobin level (p=0.006)
in the elderly with delirium compared to those without.
Similarly, patients with delirium had higher preoperative and

postoperative lactate dehydrogenase (preoperative, p=0.013;
postoperative, p=0.042) and postoperative C-reactive protein
(p=0.011).

The estimated mean volumes of blood loss during
operations were larger in delirium patients (p<0.001). In
multivariate stepwise logistic regression, the odds ratio
of the estimated volumes of blood loss for delirium was
0.999 (p=0.002, 95% CI [confidence interval]=0.998-1.000).
Patients who had hyperactive type (1053.17+839.19) and
mixed type of delirium (1298.97+1485.26) lost larger amounts
of blood during the operation than patients with hypoactive
delirium (697.00+803.69) or without any types of delirium
(521.52+599.85) (p=0.001).

The differences between patients with and patients with-
out hyperactive symptoms of delirium and between patients
with and patients without hypoactive symptoms of delirium
showed different characteristics (see Table 2). Patients with
hyperactive symptoms of delirium were older than those



BioMed Research International

Aep aanjeradojsod puooas oy uo uaye) sem ajdures oy, m ‘uonjerado a1030q Aep [ejrdsoy puodas 10 3511y 9y UO USNe) sem fdures oy, '
“100°0>d ., B[NULIO} SI[BLINOISJN YSNOIY) PIUTULISIAP SeM SSO[ POO[q JO SWN[OA PAFRWNSI YT, , *(YI-AI-INS) UOISIAI X3} “Pd ¥ ‘STOPIOSI( [EJUIIA JO [eNURIN [eI1SHEIS pue onsouSer yim pasouderq, , 's0'0>d,

95 TF¥6°0 AP TFIS0 LSTTFI8T €HIFS8°0 JUTFOPT (SVA) ureq |, dojsoq
19'TF06T 99°TF16T TTTF98'T 79TF981 9GTFIIT (SVA) ureqg | doaig

ureq
87 0F€8°€ 87°0F98°€ J70F09°€ 67°0F98°€ 07" 0F€9°€ (1/1owwr) wissejod | doysoq
T HIFOT 9T 8¢ SIFE6'SET VL EFS0SET 1L TIFI6'9€T 19%TFLTTEL (1/1oww) wnrpog | dojsoq
FSO0FLTT 7S0F8TF 79°0FETT 1S'0F9T¥ 99°0FZEY (1/1oww) wnssejod doaig
TIOTFT8 SEl 0L°0TF88"8€T PETFITSET 8T CF6L6ET LSSFTFETEET (1/1oww) wnipog  dodig

$9)4[0109[

7S 96FST €8T €T'96FTT6LI 79'96F55°60T 19°76F06°6LT 6€ 9TIFSI'TOT (uTur) oW, o1RYISAUY

66'S8FFI 971 0T #8FCS €Tl TTL6F6S 9T LEESFOLFHTL SE00TFSE 9€T (utwr) swr T, uvoneradQ
WHFLLTE LY FF96°TE C8EFISTE 8THFOI'EE FYFFST0E (%)ro0yewsy | dojsoq
€STF60°TI SSTFII'TL I€TF19°01 0STFTTIL JSTFLE 0T (1/3)uiqofSoway | dojsoq
08 FFHILE €OFFYTLE S6'SFHF € PSPFIELE 0T'9F81°9¢€ (%) nooyewsy | doaiq
0LTFTSTI T9'1FSS T oI TFHTTL 09°TFLSTI OI'ZF8ITL (1/3)uqoidoway | doa1g

112D poord pay

68 FELF61°9T9 LV 6¥9F65°08S L OVITFIT €76 76'819F€8°9¢€6 ++90°T80IF9T SETI . (qu)sso] poolg pajewnsy
(%677) S (%97) ¥ (%SP) 1 (%0°7) € (%LL) T yuapuada( Afng
(%€°9) I (%9°F) L (%T'8T) ¥ (%0°F) 9 (%T61) S Apuanrwayuy 3uiary Areq ut djoH paaN
(%0%2) T (%T8%7) 8¢ (%T81) ¥ (%T¥T) 9¢ (%1°€2) 9 saNIANOY [euraxyg xa[dwo) ur djoH pasN
(%6°99) LIT (%0°89) ¥0T (%T16S) €1 (%8°69) ¥01 (%0°09) €1 juspuadapur

uonoung A[re(y

(%67) S (%€€) S (%0°0) 0 (%0°7) € (%LL) T R LELiETg
(%¥€) 9 (%€€) S (%S¥) 1 (%L ¥ (%LL) T a3a110D 1340
(%6°71) 9T (%€°91) ST (%S70) T (%¥L1) 9T (%0°0) 0 [ooydS y3IH
(%0°91) 8T (%021) 9T (%16L) T (%¥2L1) 92 (%L1)T [00Y2S S[PPIA
(%€°8€) L9 (%T6€) 09 (%8°1€) £ (%T°9€) ¥S (9%0°09) €1 [ooyds Arejustua[g
(%¥LT) 8% (%T¥T) LE (%0°09) 11 (%T°97) 6€ (%9%€) 6 SUON

uonesnpyg

yTu/1s L01/9% L1/S LO1/T L1/6 (orewdy/sreun)xag

T9F90°FL 10°9FLLEL 80°9F60°9~ ¥6'STOSEL FTOFICLL (s1eak) 3By

(SL1=N) (£ST=N) (Tz=N) (6¥1=N) (97=N)
swojdwdg aanoeod4g swojduwifg swojduwifg aanoerad4Ag swoydwidg
[#oL INOYIM sjuaned aaror0dAH YIIp S1UanIRg INOYIIM sjuaned aanpoeIddAL YIip sjuaned

‘wnuep jo swodwAs aanoeodAy pue swojdwids aanoeradAy yim syusryed oy Jo SO1ISLINIORIBYD YT, i ALV,



BioMed Research International

TaBLE 3: The symptoms of delirium and the estimated volumes of blood loss during operation#(mean+SD, ml).

With Symptom

Acute Onset
Inattention
Disorganized Thinking
Altered Consciousness
Disorientation
Memory Impairment
Perceptual Disturbance
Psychomotor Agitation

1225.26+1049.88 (N=27)
1012.86+1011.98 (N=28)
809.06+1412.34 (N=12)
1058.724831.14 (N=18)
1158.53+855.69 (N=22)
793.69+677.68 (N=13)
1272.04+896.40 (N=12)
1140.82+1126.28 (N=19)

764.45+551.60 (N=7)
1068.26+855.72 (N=29)

Psychomotor Retardation
Altered Circadian Rhythm

5

Without Symptom P value
513.97+604.83 (N=146) <0.001
536.61+608.23 (N=145) 0.001
603.831£666.25 (N=159) 0.354
576.60+709.25 (N=157) 0.008
512.66+583.57 (N=146) <0.001
609.16+743.20 (N=160) 0.388
570.84+702.36 (N=161) 0.001
563.51+650.03 (N=156) 0.001
623.54+747.99 (N=165) 0.623
500.60+566.31 (N=137) <0.001

*: the estimated volume of blood loss was estimated through Mercuriali’s formula.

without (odds ratio; 0.917 (p=0.039, 95% CI=0.844-0.996))
whereas patients with hypoactive symptoms and patients
without showed no significant difference in age. Patients
with mixed activity felt more pain during the postopera-
tive period compared to patients without mixed symptoms;
however only the odds ratio of the pain for hypoactive
symptoms was statistically significant (hypoactive symptoms,
0.691 (p=0.004, 95% CI=0.537-0.889); hyperactive symptoms,
0.768 (p=0.069, 95% CI=0.578-1.021)). The odds ratio of
the estimated volumes of blood loss for hyperactive and
hypoactive symptoms was 0.999 (p=0.001, 95% CI=0.998-
1.000) and 0.999 (p=0.081, 95% CI=0.999-1.000).

For each symptom of delirium, patients with acute onset,
inattention, altered consciousness, disorientation, perceptual
disturbance, and altered circadian rhythm lost larger volumes
ofblood during the operation. More specifically, subjects with
psychomotor agitations got larger estimated blood loss but
no difference was observed in subjects with psychomotor
retardation (see Table 3).

4. Discussion

Delirium is one of the most common postoperative syn-
dromes in elderly patients. Efforts are being made by clin-
icians to diagnose delirium earlier and prevent or alleviate
its poor consequences. The hypoactive symptoms of delirium
remain however misdiagnosed [16] and insufficiently studied.

Here we study a group with 22.3% prevalence of delirium,
among which 65.9% are of the hyperactive type, 33.3% of
the hypoactive type, and 23.1% of the mixed type. Although
previous studies showed a broad range of prevalence in each
clinical setting, the prevalence and composition of subtypes
used here are similar to previous studies[15-17].

Similar to other studies, patients with delirium were
older and less educated and had poorer daily functioning
than patients without delirium. No significant differences
concerning dementia were observed between the two groups
but this could be due to the low prevalence of dementia in our
subjects as we had excluded from our study the subjects who
could not communicate verbally and those who could not
take the evaluation process due to serious medical problems

or brain injuries at the time of admission, all of which are at
high risk of having dementia.

Consistent with the known risk factors for delirium [4,
11, 26-28] we found electrolyte imbalance, the evidence of
posttraumatic bleeding and tissue damage. Some studies
suggest preoperative C-reactive protein as a risk factor for
delirium [29] but C-reactive protein was only higher in
patients with delirium at postoperative period.

Blood loss is one of the well-known risk factors for
delirium [4, 11, 26-28]. However exact amount of blood
loss in perioperative period cannot be measured in clinical
situation. There are many attempts to estimate the amount of
blood loss. Mercuriali’s formula, which we used in this study,
is one of the attempts, and it is known as the suitable formula
for studies regarding blood loss in surgery [13].

Although estimated blood loss is widely studied on
delirium, like other risk factors, there are scarce studies on
estimated blood loss and motoric types of delirium.

A motoric subtype of delirium has been added to the
last version of the DSM, the DSM-5. Despite the fact that
only few studies focused on the hypoactive type of delir-
ium, hypoactive delirium has specific characteristics and
prognostic effects. Hypoactive delirium is more common in
critically ill patients such as those in intensive care units
or cardiosurgery units, and the prognosis of patients with
hypoactive delirium seems poorer than that of hyperactive
patients. Patients with hyperactive delirium seem to differ
from hypoactive delirium patients both with their symptoms
and with their prognosis. However, little is known about a
potential difference between risk or etiological factors[15-17,
30]. To determine the risk factors for each motoric subtype,
we compared the differences between patients with or with-
out hyperactive symptoms as well as between patients with
or without hypoactive symptoms. In our study, patients with
hypoactive delirium had different risk factors than patients
with hyperactive delirium. Age, poor preoperative daily func-
tioning, and preoperative hyponatremia were risk factors for
hyperactive but not hypoactive symptoms. Estimated blood
loss during perioperative period was larger in patients with
both symptoms than without. Mean postoperative potassium
levels were lower in patients with hypoactive symptoms
whereas postoperative hemoglobin and hematocrit which



were influenced by perioperative bleeding were only lower
in patients with hyperactive symptoms. Postoperative pain
affected both types of delirium. Estimated blood loss during
perioperative period was one of the most influential factors
for delirium and both motoric subtypes. Although the means
of estimated blood loss in patients with hyperactive symp-
toms and hypoactive symptoms were larger than for patients
without hypo- or hyperactive symptoms, the odds ratio was
only significant in hyperactive symptoms. To determine the
influence of estimated blood loss in the perioperative period
for each symptom, we performed independent sample t-
tests for the subjects who had answered yes or no for every
item of the CAM. The main symptoms of hyperactive type
delirium had more difference in mean estimated volumes
of blood loss during perioperative period. Patients with
psychomotor retardation lost almost the same amount of
blood as patients without retardation. Estimated blood loss
during perioperative period thus seems to predict hyperactive
but not hypoactive delirium.

In our study, the acute precipitating factors seemed to be
more highly correlated with hyperactive delirium than with
the hypoactive type. Although we could not find any specific
difference in predisposing factors, hypoactive delirium might
be more influenced by chronic predisposing factors than by
acute precipitating factors, which could explain the poorer
prognosis. There had been scarce studies on specific risk
factors for hypoactive delirium. So there have been not
enough studies to support our studies. Further investigations
are needed to strengthen our hypothesis.

Many studies suggest that hypoactive delirious patients
are neglected or misdiagnosed in the clinical setting as the
symptoms of hypoactive delirium do not attract the clinician’s
attention. This also applies to our study in which many
patients with hypoactive delirium did not have typical pre-
cipitating factors of delirium. As the prognosis of hypoactive
delirium seems poorer than that of hyperactive delirium,
clinicians should pay special attention to the hypoactive type.

The main strength of this study was to explore the
risk factors for hyper- and hypoactive delirium separately.
To diagnose the delirium and to classify motoric subtypes
accurately, trained psychiatrists interviewed all the subjects
face-to-face. More specifically we tried to understand the
influence of estimated blood loss on delirium.

There were also some limitations in this study. First,
the number of subjects was small as we prioritized the
homogeneity of the group for this first study on estimated
blood loss and motoric subtypes of delirium. Had the number
of subjects been higher, we might had observed a cleared
difference between hyperactive and hypoactive delirium. An
additional study with a higher number of subjects and in
different clinical setting would solidify our results. Second,
there might be a selection bias in this study. The face-to-face
interviews with psychiatrists seem to increase the accuracy
of evaluation all while decreasing the consent rate. Third, we
cannot interview subjects after long term follow-up meaning
that the prognosis of both types of delirium cannot be
analyzed in this study.

In this study, we suggest that risk factors for hyperac-
tive and hypoactive delirium are different. While estimated
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blood loss volumes during perioperative period might affect
hyperactive delirium, they do not seem to affect hypoactive
delirium. The estimated blood loss, well-known risk factors
for delirium, might be risk factors for only hyperactive
delirium. Future studies should focus on hypoactive delirium.
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