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Abstract

Background—Postoperative delirium (POD), defined as an acute state of confusion with
fluctuating consciousness and inattention following surgery, is frequently seen in the elderly
population. While the etiology of postoperative delirium has not been completely elucidated, one
major trigger for POD appears to be the inflammatory response associated with surgery. We
therefore hypothesized that intraoperative blood transfusion, a known trigger and amplifier of
inflammation, is an independent risk factor for early POD in older patients undergoing surgery.

Design—Secondary analysis using a database created for a prospective cognitive outcomes
study.

Setting—University hospital.
Participants—A472 patients older than 65 years undergoing major non-cardiac surgery.

Measurements—~Perioperative data was examined for association with POD on the first
postoperative day. Multivariable logistic regression analysis was conducted to determine whether
intraoperative blood transfusion independently predicts postoperative delirium after adjusting for
covariates known to be associated with onset of both delirium and blood transfusions.

Results—137 patients (29%) developed delirium on the first postoperative day. The
multivariable logistic regression model identified age, gender, history of CNS disorder,
preoperative cognitive dysfunction and pain as well as blood transfusions as independent risk
factors for postoperative delirium. Intraoperative administration of more than 1000ml erythrocyte
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concentrates (RBC) was the strongest predictor for POD on the first postoperative day (odds ratio,
3.68; 95% confidence interval, 1.32-10.94; p<0.001).

Conclusion—Intraoperative blood transfusion of more than 1000ml RBC increases the risk for
delirium on the first postoperative day in elderly patients undergoing non-cardiac surgery.
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INTRODUCTION

Postoperative delirium (POD), defined as “the acute onset and fluctuating course of mental
status impairment, including inattention and either disorganized thinking or altered level of
consciousness” 1 is frequently seen following surgery in elderly patients. Its incidence is
reported to range from 9 to 87%, depending on patient age and type of surgery.2
Postoperative delirium results in prolonged hospital stays and worse postoperative outcome
and increases the risk for early and long-term mortality.2 Postoperative delirium leads to
increased physical dependence and a higher rate of discharge to a nursing home.# Therefore,
understanding the etiology and identifying risk factors for postoperative delirium could
inform interventions to improve the outcomes of elderly patients undergoing surgery.

Although several risk factors for the development of postoperative delirium have been
identified °, its etiology is still not fully understood and probably multifactorial. One
hypothesized cause of postoperative delirium is that it is the result of an acute inflammatory
response, as increased serum and CSF concentrations of IL-1, IL-6 and IL-8 were found in
patients with postoperative delirium. 6

Trauma such as surgery is known to trigger an inflammatory response. Another known
trigger of an inflammatory response is blood transfusion. Transfusion has shown to directly
increase plasma concentrations of inflammatory mediators 7 and to amplify the
inflammatory response evoked by surgery.8 Such proinflammatory effects may explain why
blood transfusion has been associated with decreased survival in trauma, following coronary
artery bypass grafting 9, and in intensive care unit patients. 10

We hypothesized that blood transfusion, due to its proinflammatory effect, is an independent
risk factor for the development of early postoperative delirium in elderly patients. Applying
multivariable logistic regression, we included not only established preoperative risk factors
of postoperative delirium into the model, but also controlled for covariates commonly
associated with blood transfusion, such as blood loss, length of surgery, surgical risk group
and preoperative hemoglobin concentrations to demonstrate the independent effect of blood
transfusion on the development of postoperative delirium.

METHODS

The present study involved secondary analysis using a database created for a prospective
cognitive outcomes study investigating the pathophysiology of postoperative delirium in
older surgical patients. This prospective cohort study was approved by the University of
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California, San Francisco Committee on Human Research, and informed consent was
obtained preoperatively from each study patient. The database contained complete datasets
for all pre-, intra-, and postoperative variables used in the present analysis.

Study population

The original outcome study took place at the University of California, San Francisco
Medical Center, from 2003-2011. The study inclusion criteria included English-speaking
patients >65 years of age undergoing non-cardiac surgery requiring anesthesia and who were
anticipated to stay in the hospital for longer than 48 hours. Exclusion criteria were inability
to provide informed consent and preoperative delirium.

Patient Assessment

Research assistants conducted pre- and post-operative patient interviews in person. The
preoperative interview occurred less than 48 hours before surgery in the preoperative clinic.
During this preoperative interview, the patients were evaluated for depressive symptoms,
pain, functional status, and cognitive status. Baseline cognitive status was obtained
preoperatively using the Telephone Interview for Cognitive Status (TICS).1! TICS is an 11-
item test (with a maximum score of 41 points), which correlates well with the Mini-Mental
State Examination and widely used for screening of dementia. Scores below 30 on the TICS
are considered to indicate cognitive impairment. During the same preoperative interview, the
following neuropsychological tests were administered: the Word List Learning Test, the
Digit Symbol Test, and the Controlled Verbal Fluency Test. These neuropsychological tests
were repeated on the first two postoperative days. The tests were chosen as they target
domains that were considered likely to change from pre- to post-operatively.

Delirium Assessment

A research assistant conducted structured interviews preoperatively and on the first two
postoperative days between the hours of 9 a.m. to 12 pm. to determine the presence of
delirium, defined using the Confusion Assessment Method (CAM).12 This method was
developed as a screening instrument based on operationalization of the Diagnostic and
Statistical Manual of Mental Disorders-111-R criteria. Based on a structured interview, the
CAM algorithm consists of four clinical criteria: acute onset and fluctuating course,
inattention, disorganized thinking, and altered level of consciousness. In order for delirium
to be defined, both the first and second criteria have to be present, plus either criterion three
or four. CAM has a sensitivity of 94-100% and a specificity of 90-95% and has a high
interobserver reliability, and has convergent agreement with four other mental status tests.
The research assistants were trained in the use of the CAM based on a detailed manual
developed by Inouye et al. for administration of the CAM. The occurrence of delirium was
defined as the patient meeting CAM criteria for delirium on any of the postoperative day
assessments. Assessments were validated by one of the co-authors (LPS).

Statistical Methods

A logistic regression model was used to examine the association between blood transfusion
and delirium. Bivariate and multivariable analyses were conducted to assess unadjusted and
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adjusted risks of delirium. Besides blood transfusion, the candidate predictors for the
multivariable model included age, gender, TICS score, history of CNS disorder, alcohol use
and chronic narcotic use, preoperative hemoglobin and creatinine concentrations, as well as
ASA class, blood loss, length of surgery, and surgical risk group. This list of predictors of
postoperative delirium was created in order to identify blood transfusion as an independent
predictor of POD while controlling for factors previously shown to be related to delirium.
An attempt was made to control for as many predictors of postoperative delirium as
possible.

Hosmer and Lemeshow’s goodness-of-fit test was used to assess the fit of the model. Both
Pearson and deviance residuals were assessed for normality and non-linearity across
predictors. DFBETA’s were used to look for influential points. 13

All statistical analysis was performed with SAS, version 9.2 (Cary, NC) and R 2.15.1.

The present study analyzed the data of 472 patients older than 65 years old that underwent
major non-cardiac surgery. Performed procedures included knee surgery (n=66, 15.2%), hip
surgery (n=77, 17.8%), spinal surgery (n=90, 20.8%), abdominal surgery (n=117, 27.0%),
thoracic surgery (n=25, 5.8%) and miscellaneous other procedures (n=58, 13.3%).

One hundred and thirty seven (29.0%) patients developed delirium on the first postoperative
day (Table 1). Patients with postoperative delirium were more likely to receive blood
transfusions (40.3% vs 25.8%) and received more blood (839+£1207 vs. 572+841ml)
compared to those without postoperative delirium. Patients who developed postoperative
delirium were on average older, more often female, were more likely to have a history of
previous CNS disorder and alcohol abuse, had lower TICS scores and higher pain scores
during the preoperative assessment, a higher surgical risk score, and a higher incidence of
preoperative anemia. These bivariate analyses are shown in Table 2.

Multivariable logistic regression was used to assess the adjusted effect of blood transfusion.
Table 3 reports the results from the multivariable model. This model identified age, female
gender, history of central nervous system (CNS) disorder, preoperative TICS score of less
than 35, higher pain scores (=4 out of 10 on the numerical rating scale) and received blood
transfusions of more than 1000ml of erythrocyte concentrates (RBC) to be significant risk
factors for postoperative delirium. Of note, intraoperative transfusion of more than 1000ml
of RBC was the strongest predictor for delirium on the first postoperative day (odds ratio,
3.68; 95% confidence interval, 1.32-10.94; p<0.001). Figure 1 provides a visual description
of the results from the full model.

DISCUSSION

The present study demonstrates that administration of intraoperative blood transfusions in
older patients increases their risk of developing delirium on the first postoperative day. This
is not the first study to report an association between intraoperative blood transfusions and
postoperative delirium, but the first that identifies blood transfusion as the strongest
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predictor for early postoperative delirium in spite of controlling for risk factors associated
with intraoperative blood transfusions, such as blood loss, duration of surgery, surgical risk,
and preoperative hemoglobin concentrations.

Intraoperative transfusion of larger volumes of blood has repeatedly been linked to
postoperative delirium. Gao et al. 14 associated transfusions of more than 800ml blood with
postoperative delirium in spine patients. And a larger study in cardiac surgery patients
identified blood transfusions of more than 2000ml as a precipitating factor for postoperative
delirium. 1> Marcantonio et al. identified in a study with 1341 patients intraoperative blood
loss, number of blood units transfused and lowest postoperative hematocrit to be associated
with postoperative delirium.1® However, using logistic regression adjusting for risk factors
for delirium, they subsequently identified a low postoperative hematocrit, but not
transfusions or blood loss to be an independent risk factor for postoperative delirium.
Similarly, Lee and Park 17, as well as Kawaguchi et al. 18 reported an association between
postoperative hemoglobin concentrations, but not blood transfusions and delirium in older
patients undergoing spine surgery. However, both studies were very small with only 11 and
13 patients diagnosed with postoperative delirium.

Marcantonio et al. suggested that postoperative levels of hematocrit should be kept at 30%
to prevent postoperative delirium. The authors suggested that delirium may be the
consequence of a central nervous system insult caused by the low hematocrit (i.e. decreased
oxygen delivery). Such a suggestion however is not supported by our current results which
demonstrate that patients with a postoperative hemoglobin concentration of 8-10 mg/dl have
the same risk in developing postoperative delirium as patients with a hemoglobin
concentration above 10mg/dl. Therefore, the findings of the present study provide evidence
that avoiding perioperative blood transfusions in procedures with only moderate blood loss
and accepting lower postoperative levels of hemoglobin may result in decreased risk for
postoperative delirium. However, we cannot exclude that hemoglobin concentrations lower
than 8 g/dl may precipitate postoperative delirium, as none of the patients in our study
population had such a low hemoglobin concentration postoperatively.

Comparison with earlier studies might be complicated by different study designs. The
prevalence of postoperative delirium was higher in our study than in the studies cited above.
We believe that this is due to the prospective design of our study, our targeting older
patients, and a higher sensitivity to detect postoperative delirium because patients were
interviewed serially by the same research assistants. The majority of postoperative delirium
patients presents with hypoactive delirium. 19 The large percentage of patients who did not
present with agitated delirium may have been missed, thus resulting in an underestimation of
the incidence of postoperative delirium in retrospective studies or studies that did not
perform a postoperative assessment in all enrolled study patients using appropriate tests.

The most likely explanation for the deleterious effects of blood transfusion is its ability to
trigger an inflammatory response. Stored red blood cell units contain activated inflammatory
cells and mediators such as the cytokines tumor necrosis factor a (TNFa) and interleukin
(IL)-6, IL-8 and IL 18. 20 The association between postoperative delirium and an
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inflammatory state is well established 21 22, but by which mechanism inflammation triggers
delirium is still incompletely understood.

Proinflammatory cytokines may increase the risk of delirium through multiple mechanisms.
Systemic cytokine release is transmitted to the brain via direct neural pathways, transport
across the blood-brain barrier or via the circumventricular region. The result is microglial
activation and further cytokine release in cerebral tissue 23, resulting in direct impairment of
neuronal function. 24 In addition, cytokines may lead to a central cholinergic deficit, a well
established cause of delirium.2> Cytokines reduce choline acetyltransferase (ChAT)
immunoreactive neurons thus inhibiting the biosynthesis of acetylcholine.26 In addition
cytokines modify cerebral neurotransmission by reducing acetylcholine release. 27 However,
this retrospective analysis is limited by the lack of perioperative serum cytokine
concentration measurements. Therefore, the discussed link between an inflammatory
response evoked by intraoperative transfusions and postoperative delirium remains merely
speculative.

The present analysis focuses on delirium development on the first postoperative day as the
effects of intraoperative blood transfusions are expected to be short lasting, based on the
assumption that the development of POD was the consequence of an inflammatory response
evoked by intraoperative transfusions. Such an inflammatory response is known to be
transient. Administration of one unit of RBC in combination with 1 fresh frozen plasma
(FFP) was reported to increase cytokine concentrations in healthy volunteers for only three
hours. 26 When combined with the proinflammatory effects of the surgical trauma, such
effects would be expected to be longer lasting. A recently published study in patients
receiving transfusions during cardiac surgery demonstrated that concentrations of IL-6,
IL-10, and IL-12 increased immediately after surgery, but then decreased within 24 hrs. 29

Whether leucocyte reduction of blood products ameliorates the inflammatory response
following transfusion has so far not been adequately investigated. During the time of this
investigation, leukocyte reduction of erythrocyte concentrates was already routinely
performed in our institution. At this point we can only speculate that a lack of leukocyte
reduction in blood products would result in an even higher incidence of early postoperative
delirium in transfused patients.

The fact that both intraoperative transfusions and postoperative anemia are potentially risk
factors for postoperative delirium appears to be a clinical dilemma because both transfusing
or withholding a transfusion may harm the patient. A possible solution to avoid this situation
could be advance targeted transfusion in anemic patients scheduled for procedures
associated with larger blood loss. A recently published pilot study hypothesized that anemic
patients scheduled for cardiac surgery who received blood transfusions 24 to 48 hours before
surgery might be at lower risk for developing acute kidney injury than those patients who
receive intraoperative blood transfusions. 30 Similarly, if anemic patients receive blood
transfusion 24 to 48 hours before surgery rather than intraoperatively, the perioperative
inflammatory response may be ameliorated, thus potentially reducing their risk for
postoperative delirium. However, to investigate such hypothesis, an adequately powered
prospective randomized study would be required.
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In summary, our study identifies intraoperative blood transfusion as an independent risk
factor for the development of postoperative delirium on the first postoperative day in elderly
patients undergoing major non-cardiac surgery. Subsequent studies should determine
whether a more restrictive approach to transfusion, which may result in lower postoperative
hematocrits, lowers the incidence of postoperative delirium. Also, future studies should
assess whether anti-inflammatory interventions lower the incidence of postoperative
delirium. Until the mechanism by which blood transfusion increases risk for delirium is
determined, clinicians should be aware that patients who received an intraoperative blood
transfusion are at increased risk for development of early postoperative delirium and should
be monitored accordingly.
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Blood Transfusion >1000mi -

Preoperative TICS <35-

History of CNS Disorder -

Female Gender -

Age > 75 yrs- —_———————
Surgery Risk >2-
Preoperative VAS >3- —07
Preoperative Creatinine >1.3 mg/di - *07
Preoperative Hemoglobine < 13g/dl - ‘,_.7
Blood Transfusion 1-1000 ml - _‘_.7
Surgery Duration >3 hrs - —-—07
History of Alcohol Use - —0—
ASA Class >2- %7
History of Narcotics Use - 407
Intraoperative blood loss per 500 ml - +
'

00 05 10 15 20 25 30 35 40 45 50
Odds Ratio

Figure 1.
Results from the multivariable logistic model. Odds ratio estimates along with 95%

confidence intervals are plotted for each covariate. We see blood transfusion of more than
1000 ml leads to the greatest risk of developing delirium on the first postoperative day.
Abbreviations: TICS: Telephone Interview for Cognitive Status, VAS: Visual Analog Scale
for Pain, ASA: American Society of Anesthesiologists
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Table 1

Incidence of Delirium on the first postoperative day

N (%)

Delirium on Day 1

Yes 137 (29.0)

No 335 (71.0)
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Table 2

Descriptive statistics and bivariate analyses. A logistic model was used to assess effects against onset of
delirium on the first postoperative day.

Delirium No Delirium  P-Value OddsRatio (95% CI)

Age

<75 64 (46.7) 228 (68.1) - -

>=75 73 (53.3) 107 (31.9) <.01 1.78 (1.25, 2.54)
Gender

Female 86 (62.8) 140 (41.8) - -

Male 51 (37.2) 195 (58.2) <.01 .54 (.38, .76)

History of CNS Disorder
Yes 81 (59.1) 140 (41.8) - -
No 56 (40.9) 195 (58.2) <.01 1.89 (1.33, 2.69)

History of Chronic Narcotic Use
Yes 89 (65.0) 244 (72.8) - -
No 48 (35.0) 91 (27.2) .06 1.41 (.98, 2.03)

History of Alcohol Use
Yes 72 (52.6) 138 (41,2) - -
No 65 (47.4) 197 (58.8) .04 .69 (.49, .98)

Preoperative TICS Score
<35 113 (82.5) 219 (65.4) - -
>=35 24 (17.5) 116 (34.6) <.01 47 (.30, .71)

Preoper ative Pain Score
0-4 97 (70.8) 276 (82.3) - -
4+ 40 (29.2) 59 (17.6) <01 1.74 (1,16, 2.58)

Preoper ative Hemoglobin
>=13 59 (43.1) 193 (57.8) - -
<13 78 (56.9) 142 (42.3) <.01 1.88 (1.31, 2.70)

Preoperative Creatinine

<=1.3 115 (83.9) 293 (87.4) - -

>1.3 22 (16.1) 42 (12.5) .51 1.19 (.69, 2.01)
Surgery Risk

1-2 98 (71.5) 283 (84.5) - -

3 39 (28.5) 52 (15.5) <.01 1.87 (1.23,2.82)
ASA Class

lor2 57 (41.6) 158 (47.2) - -

3or4 80 (58.4) 177 (52.8) .08 1.37 (.97, 1.94)
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Delirium No Delirium  P-Value

Odds Ratio (95% ClI)

Anesthesia Duration
<=3 hours

>3 hours

25 (18.2) 68 (20.3) -
112(81.8) 267 (79.7) 40

1.22 (.78, 1.96)

Blood L oss (per 500)

850.8 (1191)  617.5 (1224) .05

1.07 (1.00, 1.15)

Blood Transfusion
Oml
<1000 ml
>=1000 ml

78 (56.9) 246 (73.4) -
35 (25.5) 69 (20.6) 03
23 (17.5) 20 (6.0) <01

1.60 (1.05, 2.41)
3.18 (1.82, 5.60)

Columns 1 and 2 report the count (%) except for blood loss which reports the mean (SD).

Abbreviations: TICS: Telephone Interview for Cognitive Status, ASA: American Society of Anesthesiologists
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Table 3

Results of the multivariable logistic model. The Hosmer-Lemeshow test resulted in a p-value of .94 indicating
the model fits the data well.

p-Value OddsRatio (95% CI)

Age
<75 - -
>=75 .02 1.72 (1.09, 2.73)

Gender
Male - -
Female <.01 1.88 (1.18, 3.03)

History of CNS Disorder
No - -
Yes <.01 1.94 (1.24, 3.06)

History of Chronic Narcotic Use
Yes - -
No .94 1.02 (.61, 1.70)

History of Alcohol Abuse
Yes - -
No .65 1.11 (.71, 1.73)

Preoperative TICS score
>=35 - -
<35 <.01 2.07 (1.22, 3.61)

Preoper ative Pain Score
0-4 - -
4+ <.01 1.52 (.88, 2.61)

Preoper ative Hemoglobin
>=13 mg/DL - -
<13 mg/DL .33 1.26 (.79, 2.01)

Surgery Risk
1-2 - -
3 13 1.66 (.85, 3.21)

ASA Class
lor2 - -
3or4d 75 1.11 (.68, 1.70)

Anesthesia Duration
<=3 hrs - -

>3 hrs 72 1.11 (.63, 1.99)
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p-Value OddsRatio (95% CI)
Blood L oss (per 500) .18 .92 (.79, 1.03)
Blood Transfusion
0 - -
<1000 ml .70 1.12 (.63, 2.00)
>=1000 ml .01 3.68 (1.32, 10.94)
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