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Abstract

Objective: The main objective of this prospective and observational study is to investigate the effect of preoperative hospital-
ization period on early postoperative cognitive dysfunction (POCD) development in patients undergoing total hip replacement
surgery under regional anesthesia. Materials and Methods: Between November 2013 to September 2014, 64 patients were
enrolled the study. Test scores were obtained on the initial admission day (MMT1), 24 hours prior to surgery (MMT2) and
24 hours after the surgery (MMT3). Patients were divided into two groups according to MMT scores as “no cognitive dys-
function” (Group 1) and “cognitive dysfunction” (Group 2). Differences between groups were evaluated statistically. Statistical
significance level was set as p<0.05 in a 95% confidential interval. Results: POCD incidence rate was calculated as 43.8% in
all patients. Preoperative hospitalization duration was significantly higher in patients with POCD when compared to patients
without POCD (p<0,001). The factors which affect POCD development were found to be advanced age (p<0,001), high ASA
scores (p=0,004), presence of comorbid disease (p=0,025), duration of operation (p=0,018) and decreased postoperative hema-
tocrit levels (p=0,014). Conclusion: In this study, we observed patients with early POCD had a relatively longer pre-operative
hospitalization period when compared to patients without POCD. We consider that the prolonged preoperative hospitalization
periods may contribute to increased POCD incidence rates in patients with risk factors.

Effect of preoperative hospitalization period on post-operative cognitive dysfunction in patients
undergoing hip surgery under regional anesthesia

ABSTRACT

Aim of the study: The main objective of this prospective and observational study is to investigate the effect
of preoperative hospitalization period on early postoperative cognitive dysfunction (POCD) development in
patients undergoing total hip replacement surgery under regional anesthesia.

Materials and Methods: Between November 2013 to September 2014, 64 patients were enrolled the study.
Test scores were obtained on the initial admission day (MMT1), 24 hours prior to surgery (MMT2) and 24
hours after the surgery (MMT3). Patients were divided into two groups according to MMT scores as “no
cognitive dysfunction” (Group 1) and “cognitive dysfunction” (Group 2). Differences between groups were
evaluated statistically. Statistical significance level was set as p<0.05 in a 95% confidential interval.

Results: POCD incidence rate was calculated as 43.8% in all patients. Preoperative hospitalization dura-
tion was significantly higher in patients with POCD when compared to patients without POCD (p<0,001).
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The factors which affect POCD development were found to be advanced age (p<0,001), high ASA scores
(p=0,004), presence of comorbid disease (p=0,025), duration of operation (p=0,018) and decreased postop-
erative hematocrit levels (p=0,014).

Conclusion: In this study, we observed patients with early POCD had a relatively longer pre-operative hos-
pitalization period when compared to patients without POCD. We consider that the prolonged preoperative
hospitalization periods may contribute to increased POCD incidence rates in patients with risk factors.

What is known?

• Hip surgery is one of the most common surgical procedure in daily orthopedic operations
• Development of cognitive dysfunction after hip surgery is common. This is one of the most important

problem that cause prolonged hospitalization period after surgery
• The most common risk factors of cognitive dysfunction after hip surgery includes advanced age, presence

of comorbidities, scale of operation and post-operative pain

What is new?

• Although known risk factors of cognitive dysfunction are related with postoperative period and presence
of comorbidities, there is no study investigating the effect of prolonged preoperative hospitalization
period on cognitive dysfunction

• This study revealed that prolonged preoperative hospitalization period is an independent risk factor
regardless of the other risk factors for cognitive dysfunction after hip surgery

• Reducing preoperative hospitalization period significantly decrease postoperative cognitive dysfunction
development

Keywords: Cognitive dysfunction, Hip Surgery, Mini mental Test, Preoperative Hospitalization, Epidural
Anesthesia

Introduction

Post-operative cognitive dysfunction (POCD) is defined as a decrease in cognitive functions which develop
following surgery and anesthesia administration that may continue weeks or even months after surgery (1).

POCD clinical signs include psychomotor imbalance, memory loss, dementia, difficulties in fine-motor skills
and upper level cognitive dysfunctions (2). Sensitive tests reported that this decline in psychomotor and
cognitive functions in those patients following surgery may last from a week to three months and even in
some rare cases, up to 1-2 years (3).

Previous studies on non-cardiac surgery patients over 18-age reported POCD incidence rate is between
19-41% (2). This rate may increase to 80% following cardiac surgery (4). In elderly hip replacement
surgery patients, this rate is reported to be between 15-60% (5). The most common risk factors for POCD
development were reported as advanced age, presence of comorbidities, scale of operation and post-operative
pain (6). However, there are no studies in the literature that revealed the effect of prolonged preoperative
hospitalization duration on POCD development.

In this study, we aimed to investigate the effect of preoperative hospitalization period on early POCD
development and its risk factors in patients undergoing total hip replacement surgery for hip fractures under
regional anesthesia.

Materials and Methods

This prospective and observational study was initiated after obtaining the approval for the study from Izmir
Bozyaka Training and Research Hospital Ethics Committee on 27/03/2013 with decision number 17/7. The
study evaluated Mini Mental Test (MMT) scores of patients who received total hip replacement surgery in
Izmir Bozyaka Training and Research Hospital from November 2013 to September 2014. In the assessment,
Mini Mental Test (MMT) was used for literate and Modified Mini Mental Test (MMMT) was used for
illiterate patients (7). Test scores were obtained on the initial admission day (MMT1), 24 hours prior to
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surgery (MMT2) and 24 hours after the surgery (MMT3). A drop of 4 points or more between each test
was defined as significant cognitive dysfunction development. Patients who did not have any change or a
change less than 4 points between MMT1 and MMT3 were grouped as “no cognitive dysfunction” (Group 1)
and patients with a difference more than 4 points between MMT1 and MMT3 were grouped as “cognitive
dysfunction” (Group 2). All analyses were performed using those 2 patient groups.

Patients who were planned to undergo total hip replacement surgery without cement over 18 years of age
and within ASA Group 1, 2 and 3 according to ASA physical status score were included in the study.

Patients younger than 18, who did not speak Turkish, precense the history of cancer diagnosis, previous
steroid treatment, serebro vascular disease history in last 6 months, central nervous system diseases (cur-
rent meningitis, encephalitis, tumors, major degenerative diseases), dementia, Alzheimer’s and Parkinson’s
Disease, neuropsychiatric diseases or received antidepressant, antipsychotic or anticonvulsive treatment in
the last 6 months, uncooperative patients, substance abuse, severe organ failure (end-stage liver failure,
dialysis-dependent kidney failure), requiring ICU following surgery, patients where regional anesthesia was
contraindicated (Idiopathic intracranial hypertension (IIH), clotting disorders, infection on operational site)
and pregnant patients were excluded from the study.

No premedication was performed on patients during preoperative period. Hydration during preoperative
period was performed by IV 0.9% NaCl aqueous solution with a fasting period of 6-10 hours prior to surgery.

In our study, combined spinal-epidural anesthesia was used for anesthesia for all the patients. Surgical
intervention was allowed on the patients with sensory block on T8 dermatome levels. Patients also received
gradually 0.5 mg IV bolus midazolam until to be Ramsey Sedation Scale 3.

During anesthesia, decreasing systolic blood pressure more than 20% compared to preoperative period was
defined as hypotension. 5 mg IV Ephedrine was administered to the patients when their mean arterial blood
pressure levels decreased 50 mmHg or below despite fluid replacement. Bradycardia was defined as pulses
below 40 bpm and was treated with 0.5 mg IV atropine.

Postoperative pain management was planned according to Visual Analogue Scale (VAS). In patients with
VAS score 3 and above, 10 ml isobaric bupivacaine 0.125% was administered through epidural catheter. No
additional medication (opiates or NSAIDs) were used for analgesia.

Demographics, education levels, employment status, operation indications, ASA scores, comorbid diseases
and tobacco use of all patients were questioned and recorded. Scores of MMT or MMMT of patients on their
initial admission, 24 hours prior to surgery and 24 hours after surgery and its parameters were all recorded
and classified.

The period from hospitalization to the surgery date was calculated and recorded. Patients’ hemoglobin,
hematocrit, serum electrolyte levels on initial admission, preoperative and postoperative periods, anesthesia
duration, surgery duration, administered midazolam, atropine and ephedrine doses, crystalloid, colloid, blood
and blood products used during surgery and total blood loss volume were all recorded.

Statistical Analysis

All statistical analysis was performed using SPSS v.17.0 software (SPSS Inc, Chicago, IL). Shapiro-Wilk
test was used to check distribution of numerical values. Categorical variables were expressed with frequency
and percentage values whereas numerical values were expressed as mean, standard deviation or median and
min-max values. Chi-square test was used to analyze the relationship between two categorical variables. Non-
parametric Friedman test was used to compare 2 or more consecutive MMT score mean values and Wilcoxon
signed series test was used to compare two dependent score mean values. Independent sample mean values
were compared using non-parametric Mann-Whitney U test. The difference between independent median
measurements were assessed using non-parametric median test. Pearson Correlation Test was used to analyze
the relationship between numerical values. All analyses were performed on a 95% confidence interval and
p<0.05 values were deemed as statistically significant.
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Results

Sixty-four patients were enrolled the study. There were 27(42%) male and 37 (58%) female patients. Mean
preoperative hospitalization period of all patients were 6.6±4.3 days. 26 (40.6%) patients did not have any
comorbidities whereas 14 (21.9%) of had one and 24 (37.5%) of had multiple chronic diseases.

Although preoperative blood glucose levels were above 200 mg/dL for 9 (14.1%) of patients and serum
creatinine levels were above 2 mg/dl for 7 (10.9%) of patients, Other laboratory results were within normal
limits.

Mean admission MMT scores were 26.42±1.95, 25.48±3.02 and 23.95±3.68 point for MMT1, MMT2 and
MMT3, respectively. A statistically significance was observed in consecutive total MMT score measurements
(p<0.001). We observed mean MMT1 total score was significantly higher than mean MMT2 and MMT3
total scores whereas mean MMT2 total score was higher than mean MMT3 total scores.

Mean MMT1 total score was calculated as 26.67±2.17 for Group 1 and 26.11±1.62 for Group 2. There was
no statistical significance was found according to mean MMT1 total scores between 2 groups (p=0.350).
Table 1 summarizes the association between POCD and demographic values between groups. There were
statistically significance between POCD development and age, education level, employment status whereas
no difference was found between POCD development and gender.

Table 2 summarized the differences between clinicopathological characteristics, perioperative factors and
groups. Statistical significance was observed between groups in terms of preoperative hospitalization period
(p<0.001) and it was significantly longer in POCD patients. According to our results, the presence of comor-
bidity causes the development of POCD and prolonging preoperative hospitalization period that attribute
the development of POCD (p=0.025). High ASA score, prolonged surgery time, preoperative low hemato-
crite level (<30), ephedrine administration ve increased hemorrhage during surgery were associated POCD
development (table -2). Table-3 summarized the association between ASA scores and POCD development.
According to table-3, we statistically found significance between more POCD development and increased
ASA scores.

When comorbidities were separately analysed, a significant association was observed between POCD de-
velopment with hypertension and coronary artery disease (p=0.036), (p=0.015). There were no statistical
significance between POCD development and diabetes mellitus (DM) (p=0.353), chronic obstructive pul-
moner disease (COPD)(p=0.353), congestive heart failure (CHF) (p=0.259). Also, there were no statistical
significance between prolonged preoperative hospitalization periods with hypertension, coronary artery di-
seases, DM, COPD and CHF, respectively (p=0,2), (p=0,076), (p=0,153), (p=0,307), (p=0,324). And also,
there were no statistical significance between POCD development with tobacco use, glucose and creatinine
levels (p: 0,863), (p:0,488), (p: 0,488).

Discussions

In this study, we investigated the effect of preoperative hospitalization periods on early POCD development
and the associated risk factors in adult patients undergoing total hip placement surgery under regional an-
esthesia. We observed a higher POCD incidence rate in patients with prolonged preoperative hospitalization
period, advanced age, high ASA score, present comorbidities, extended operation periods and low post-op
hematocrit levels.

Mean MMT scores of the patients were significantly lower when compared MMT scores at 24 hours after the
operation and initial admission MMT scores, which demonstrated us cognitive dysfunction. In our study, at
24-hour POCD after surgery incidence rate was 43.8%. Our results were similar with the previous studies.

In previous studies reported orthopedic surgeries on elderly patients had a high risk of developing POCD
and incidence was reported as 15-60% among especially elderly patients after hip fracture surgery (5, 8).

Advanced age is reported the most important risk factor for developing POCD (9). Elderly patients were
reported to have a higher risk of developing POCD compared to younger patients (10, 11). In the study
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of Salazar including 150 patients reported that POCD incidence rate in patients over 65 was 12% at 4th

day after knee replacement surgery (12). In ISPOCD1 study including 1218 patients over 60 who underwent
non-cardiac surgery reported POCD incidence rate was 25.8% (13).

We revealed statistical significance between age and POCD development. Mean age of the patients who did
not develop POCD in 24 hours was 50.6±21.9 years, while patients who developed POCD, the mean age
was 79.0±10.0 years.

The previous studies in the literature also report the ASA risk classification may play an important role on
cognitive functions. A study which included 118 patients over 75 who underwent major abdominal surgery
reported postoperative delirium in 28 (24%) of the patients and ASA 3 score is one of the risk factors for
the development of POCD (14). In our study, Although 46.4% of patients who developed POCD had ASA
1-2 score, 53.6% of had ASA 3 score. Our results are similar with the previous studies which reported a
significant association between POCD development and high ASA scores.

Presence of comorbidity, which is one of the most important factors in the assessment of ASA scores, is
also reported to be a risk factor in POCD development in various studies (15). In addition, several studies
reported association between not only with diabetes and hypertension, but also with coronary artery disease
(CAD), congestive heart failure (CHF), respiratory diseases and POCD development (16). In this study,
we also found a significant association between presence of comorbidities and POCD development. When
comorbidities were classified and evaluated separately, HT and CAD were found to be a risk factor for POCD
development. We consider that association between presence of comorbidities and POCD development may
be depend on the level of systemic effects of the comorbid disease and duration.

The effect of prolonged preoperative hospitalization period on POCD development was evaluated in this
study regardless of the factors such comorbidities and high ASA scores, which might affect the preoperative
hospitalization period. Our results showed us that the preoperative hospitalization period is significantly
longer in patients who developed POCD compared to other patients, regardless of comorbidity presence
and high ASA score factors. Patients without POCD had a lower mean preoperative hospitalization period
compared to patients who developed POCD.

There are limited studies in the literature investigating the effect of preoperative hospitalization period
on POCD development. In a study including 54 patients reported that even an increase in hospitalization
periods from 14 hours to 32 hours could be attributed to delirium development in postoperative period
(17). Although POCD and delirium could be clinically similar, they are different diagnoses that should be
differentiated properly. Another study performed on elderly patients operated for hip fractures also reported
that increased preoperative hospitalization periods could also increase postoperative hospitalization and
might cause POCD development in those cases (5).

Most of the important risk factors for POCD development are patient-related and could not be changed.
Especially elderly patients with comorbidities and high ASA scores are under a high risk for POCD deve-
lopment. Moreover, POCD could be seen even in postoperative 3rd month in 14% of those patients (18).
Since prolonged preoperative hospitalization periods could affect POCD development after surgery, regard-
less of other factors, we suggest preoperative hospitalization period should be minimized in patients have
risk factors for developing POCD.

In the study of Bitsch including 100 operated hip fracture patients reported a severe cognitive dysfunction
in 32% of patients. According to this study, age is a risk factor for POCD, in addition to low postoperative
hematocrit (Htc) and perioperative transfusion volume (5). According to our study results, postoperative
Htc levels had a significant effect on postoperative MMT values similar to Bitsch’ study.

Although blood loss volume and postoperative Htc values might be related with POCD, in our study, we
could not observed a significant association between POCD development and total transfused erythrocyte
suspension volume, crystalloid and colloid replacement. Erythrocyte and liquid transfusion must be planned
according to preoperative Htc values of the patient and his comorbidities which may be related and cause
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different outcomes among patients with POCD.

In our study, we found a significant association between POCD development and ephedrine administrati-
on. Although there are no studies investigating association between ephedrine administration and POCD
in such surgeries, we consider that this is probably due to ephedrine-induced hypotension, not ephedrine
administration.

There are some studies reported increased POCD incidence rates with prolonged surgery periods (19). In
our study, we also observed that the POCD group had a longer operation time compared to the non-POCD
group, in accordance with the literature.

Some of the limitations of this study are its low patient population and short-term evaluation of postoperative
cognitive functions. Longer follow-up periods in patients with cognitive function assessment will be beneficial
for long-term results.

Conclusions

We revealed POCD patients had a significantly longer preoperative hospitalization period when compared
to non-POCD patient group. In addition, POCD development was associated with advanced age, presence of
comorbidity, high ASA scores, prolonged surgery duration, increased intraoperative blood loss amount and
low postoperative hematocrit levels. We consider prolonged preoperative hospitalization periods were related
with early POCD development and patients had risk factors should be closely monitorised post operatively
in terms of cognitive functions.
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Table and Figure legends

Table 1 – Comparison of MMT1-MMT3 and demographics of the study groups

Group 1 Group 2 P value

Age, years 50,6±21,9 79,0±10,0 <0,001
Gender Male Female 19 (52,8%) 17

(47,2%)
8 (28,6%) 20
(71,4%)

0,052

Education No Yes 8 (22,2%) 28
(77,8%)

15 (53,6%) 13
(46,3%)

0,01

Employed No Yes 20 (55,6%) 16
(44,4%)

26 (92,9%) 2 (7,1%) 0,001

Table-2 The relationship between ASA score and present comorbidities with POCD

Group 1 Group 2 p Value

ASA 1-2 29 (80.6%) 13 (46.4%) 0.004
ASA 3 7 (19.4%) 15 (53.6%)

7



P
os

te
d

on
A

ut
ho

re
a

20
N

ov
20

20
|T

he
co

py
ri

gh
t

ho
ld

er
is

th
e

au
th

or
/f

un
de

r.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

us
e

w
it

ho
ut

pe
rm

is
si

on
.

|h
tt

ps
:/

/d
oi

.o
rg

/1
0.

22
54

1/
au

.1
60

58
80

90
.0

47
12

71
0/

v1
|T

hi
s

a
pr

ep
ri

nt
an

d
ha

s
no

t
be

en
pe

er
re

vi
ew

ed
.

D
at

a
m

ay
be

pr
el

im
in

ar
y.

Group 1 Group 2 p Value

Comorbidity Present
Absent

17 (47.2%) 17 /47.2%) 7 (25%) 21 (75%) 0.025

Preoperative
Hospitalization
period, day
Comorbidity present
Comorbidity absent

3.9±2.6 6.1±4.0 5.9±2.5 9.8±4.2 0.047 0.008

Surgery Duration
(min) (mean±SD)

125.4±29.5 148.9±39.9 0.018

Hematocrit (n, %) <30
>30

16 (44,4%) 20 (55,6%) 21 (75%) 7 (25%) 0.014

Atropine (n, %)
Administered Not
administered

34 (94.4%) 2 (5.6%) 26 (92.9%) 2 (7.1%) >0.999

Ephedrine (n, %)
Administered Not
administered

33 (91.7%) 3 (8.3%) 15 (53.6%) 13 (46.4%) <0.001

Midazolam (n, %)
Administered Not
administered

19 (52.8%) 17 (47.2%) 19 (67.9%) 9 (32.1%) 0.223

Crystalloid (ml)
(Mean±SD)

2222±806 1821±495 0.087

Colloid Replacement
(n, %) Administered Not
administered

21 (58.3%) 15 (41.7%) 18 (64.3%) 10 (35.7%) 0.628

Hemorrhage (ml)
(Mean±SD)

633.3±305.9 764.3±322.3 0.046

Erythrocyte
Replacement (n, %)
Administered Not
administered

21 (58.3%) 15 (41.7%) 19 (67.9%) 9 (32.1%) 0.892

Table-3 The relationship between preoperative hospitalization period and POCD development according to
ASA scores

Preoperative
Hospitalization
Period (day)

Preoperative
Hospitalization
Period (day) p Value

Group 1 Group 2
ASA-1 3,9±3,2 (n=11) 5,0 (n=1) N
ASA-2 5,4±3,9 (n=18) 8,3±4,2 (n=12) 0,041
ASA-3 5,1±2,6 (n=7) 9,5±4,3 (n=15) 0,026
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preoperative-hospitalization-period-on-post-operative-cognitive-dysfunction-in-patients-
undergoing-hip-surgery-under-regional-anesthesia
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