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Abstract:
Objective: This study aims to bridge the current knowledge gap in perioperative research on
the relationship between subjective cognitive decline, neurocognitive assessment, and blood

biomarkers.

Design: Mixed methods study, with a parallel convergent design. We assessed cognitive
function using a neurocognitive test battery, blood biomarkers, quality of recovery, and semi-

structured interviews.

Setting and Participants: The study included 40 older adult patients scheduled for total hip
arthroplasty at a hospital in Sweden.

Outcome measures: Preoperatively, the patients underwent the neurocognitive test battery,

blood sampling and quality of recovery assessment. Postoperatively, they were re-assessed

with blood samples on days 1 to 3, and with neurocognitive tests, blood biomarkers, quality of

recovery and qualitative interviews at 2 weeks.

Results: Five patients were classified with delayed neurocognitive recovery in the tests,
whereas in the qualitative data most patients reported decline, mainly cognitive symptoms
related to executive functions and fatigue. We found that psychological factors including
sense of agency and low mood impacted cognitive recovery and daily functioning. Elevated
inflammatory blood biomarkers were not detected pre- or postoperatively in patients with
detected delayed neurocognitive recovery. The global score of postoperative recovery was

40.9, indicating low quality of recovery.

Conclusion: Many patients reported subjective cognitive decline but had no delayed
neurocognitive recovery on the neurocognitive tests. Assessing psychological factors are
influential for postoperative cognitive recovery. Future direction would benefit from
longitudinal follow-ups with objective neurocognitive tests, fatigue assessment, instrumental

activities in daily living and subjective reports, with a multidisciplinary team focus.

Clinical Trial Registration: NCT05361460
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Article summary
Strengths and limitations of this study
e To our knowledge, this is the first mixed methods study exploring postoperative
neurocognitive recovery after orthopedic surgery.
» Patients own experience of early postoperative neurocognitive recovery has not been
reported earlier.
e This study includes a small sample of patients in Sweden and may not be

generalizable to other contexts.
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1. Introduction

Delayed neurocognitive recovery (ANCR), formerly known as postoperative cognitive
dysfunction (POCD) [1] commonly affects older adults within a month post-surgery [2,3]
Neuroinflammation and oxidative stress has been demonstrated to be part of the mechanism
of ANCR [4,5], and proinflammatory cytokines such as interleukin-6 and tumor necrosis
factor alpha enter the brain via normal or disrupted blood-brain-barrier [6]. Yet, at present
there are no specific inflammatory biomarkers clinically validated for predicting or
diagnosing dNCR [5]. Moreover, fluctuations in tryptophan plasma levels have been
suggested as a potential cause of postoperative fatigue, affecting serotonin 5-HT production
and contributing to postoperative fatigue through 5-HT-synthesis resulting from changes in

plasma amino acid levels [7].

The recovery process from surgery is a multifaceted construct influenced by physical,
psychological, and social factors [8]. Patients may regain their preoperative state or surpass it,
reaching a high level of well-being and recovering lost functions[8,9]. While perioperative
research has emphasized the overall recovery, the understanding of neurocognitive recovery
in particular—what it entails, how it is experienced, and its implications—remains

ambiguous.

Delayed neurocognitive recovery manifests with cognitive decline in memory, attention,
processing speed, and executive functions [1], and is linked to heightened disability risk [10].
Traditionally, ANCR was assessed only through neurocognitive tests [11] but the updated
nomenclature includes subjective cognitive decline (SCD) and daily function changes in the
diagnosis [1]. SCD, reported even without cognitive impairment, indicates elevated future
cognitive impairment and dementia risk [12]. However, perioperative research has primarily
focused on quantitative measures of ANCR in the past decades, resulting in subjective reports

being overlooked.

Therefore, this mixed methods study aims to fill the current knowledge gap on neurocognitive
recovery by integrating quantitative and qualitative data. By exploring neurocognitive
performance, blood-borne biomarkers, quality of recovery and older adult patient experiences,

we seek to answer the following research question:
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1. How do subjective reports (qualitative data) of neurocognitive recovery converge and

diverge to neurocognitive assessments, and blood biomarkers (quantitative data)?

(mixed methods)
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2. Methods

Study design and setting

This mixed-methods study, had a convergent parallel design [13], and was conducted at a
university hospital in Stockholm, Sweden. The mixed methods design was qualitatively
dominant [14], and we integrated both qualitative and quantitative approaches [14] with the
intention to provide an overview of postoperative neurocognitive recovery, following the
Diagnostic and Statistical Manual of Mental disorders fifth edition (DSM-5) criteria for
mild/major neurocognitive disorders [15] . We collected and analyzed the quantitative and
qualitative data separately, subsequently merged to identify any convergences, divergences, or

relationships between the two.

We obtained ethical permit (2019-02968) from the Swedish Ethical Review Authority on
2019-06-19, registered the study at ClinicalTrials.gov (NCT05361460), and published the
study protocol [16]. We recruited patients at the scheduled clinical preoperative visit,
provided study information, and obtained written informed consent from all patients,

following the Declaration of Helsinki [17].

Study population

Between October 2019 and November 2021, we included 46 patients aged >60 years
scheduled for total hip arthroplasty, dropouts were 6 patients (Figure 1). The recruitment was
extended 1,5 years due to COVID-19 outbreak. All underwent both the quantitative and
qualitative data collection. Exclusion criteria were: Mini Mental State Examination
(MMSE)[18] <22, nervous system disease, dependence on antidepressant or tranquilizer,
alcohol or drug misuse, hearing or visual impairment, surgery in the previous 6 months, and

non-Swedish fluency.

Procedure

The preoperative assessment at the orthopedic clinic included a neurocognitive test battery
(ISPOCD), blood sampling, and assessment with Swedish quality of recovery (SwQoR). The
postoperative assessment on days 1 to 3 included blood sampling and SwQoR. On day 13 to
16, the postoperative assessment at the orthopedic clinic included the test battery, blood
sampling, SWQoR, and semi-structured qualitative interviews. This timeline was selected to

capture delayed neurocognitive recovery, which is manifested within 30 days after surgery [19].

6
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Outcome measures

We obtained demographic and perioperative data from patient records, including comorbidities,
age, sex, MMSE score, pain intensity with numeric rating scale (NRS), education level,
cohabitant status, American Society of Anesthesiologists classification (ASA-classification),

anesthetic technique and duration, and duration of the surgery.

Neurocognitive assessment

We measured neurocognitive performance with the International study of postoperative
cognitive dysfunction (ISPOCD) test battery [20], administered by the fourth author, trained
in neurocognitive testing. The battery includes four neurocognitive tests [20]

1. Visual Verbal Learning Test (VVLT) measuring verbal episodic memory, based on
Rey’s auditive recall of words[20], includes 15 words in 3 trials. A higher total word
count indicates better scores.

2. Concept Shifting Test (CST), measuring visual mental flexibility, based on the Trail
Making Test[20] includes 16 circles in 3 trials. Less time and fewer errors indicate
better scores.

3. Letter-Digit Coding Test (LDC), measuring executive attention, working memory
and speed, based on the Symbol Digits Substitution Test[20] during 60 seconds. High
scores indicate better performance.

4. Stroop Colour-Word Test (SCW), measuring executive selective attention [20],

includes 40 words in 3 trials. Less time and fewer errors indicate better scoring.

Patient reported quality of recovery

We assessed postoperative quality of recovery with the 24-item Swedish quality of recovery
(SwQoR) questionnaire. Each item measures various symptoms or discomfort related to
surgery and anesthesia such as pain, nausea, anxiety, sleep difficulties, fatigue. The patient
rates these items on an 11-item scale, ranging from O (indicating none of the time) to 10
(indicating all the time). The range of SwWQoR is from 0, indicating excellent quality of
postoperative recovery, to 240, indicating poor quality of postoperative recovery. The patient
is considered to have a good postoperative recovery if they have a global score less than 21 on
postoperative day 14. The SwQoR has been validated in a Swedish setting with postoperative
patients [21,22].
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Blood-borne biomarkers
We measured inflammatory biomarkers Granulocyte-macrophage colony-stimulating factor
(GM-CSF), interferon gamma (IFN-y), interleukin-2 (IL-2), interleukin-4 (IL-4), interleukin-6
(IL-6), (IL-8), interleukin-10 (IL-10), and tumor necrosis factor alpha (TNF-a), and the non-
inflammatory biomarker Tryptophan at the preoperative visit, postoperative day 1 and on day
13-16 to assess its association with neurocognitive recovery. We took peripheral blood (11 mL
whole blood) from the patient, centrifuged it, and plasma was stored at -80 degrees Celsius until
analysis. Tryptophan was measured using the standardized technique High Performance Liquid
Chromatography (HPLC). We analyzed all blood samples in August 2023, with the BIO-RAD
Bio-Plex Pro Human Cytokine 8-plex Assay #M50000007A.

Qualitative data
Face-to-face interviews were conducted two weeks after surgery, questions covering cognitive
functions, daily activities, and overall mood using an interview guide (Supplementary

material 2). Each interview was audio-recorded, and transcribed verbatim.

2.4 Data analysis

Quantitative analysis

We calculated means, SD and median score or time for each sub-test in the ISPOCD, and
means, SD for SwQoR. Cognitive performance changes were adjusted for practice effects and
variability using age-matched nonsurgical controls. Z-scores were calculated to assess
changes from preoperative to postoperative tests with ANCR defined as a z-score of >1.0 on
day 13-16 after surgery, z-score of <1.0 on day 13-16 indicated no decline according to the
ISPOCD [20] We followed the diagnostic rule for, meaning decline in at least two sub-tests
[11]. We used IBM SPSS version 28 (IBM Corp., Armonk NY) for statistical analysis.

2.5 Qualitative analysis

Four authors (AA, GM, JE, LB) analyzed the qualitative data. We applied Elo & Kyngds [23]
description of content analysis to the data, with a deductive and inductive approach. We
initially chose a set of categories i.e., cognitive domains; attention and memory and, executive
functions based on theoretical framework [24], and our research objectives. These categories
served as a structured matrix to code the data. As our analysis advanced, we recognized a
recurring affective theme in the interviews. We openly coded these meaning units and

categorized them as psychological factors, aligning with our research questions and
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acknowledging their influence on neurocognitive recovery. The analysis process involved
several iterative steps. First, we read the verbatim transcribed interviews thoroughly. Then,
we developed a structured categorization matrix (Supplementary Material 1), and reviewed
and coded the data according to the categories and subcategories, and only extracted data that
fit the final matrix [23]. Lastly, we held meetings regularly within our research group to

achieve agreement on the data analysis.

2.6 Mixed methods analysis

First, we analyzed the qualitative and quantitative (neurocognitive test results) datasets
separately, then we merged the results from the datasets by conducting a thorough side-by-
side comparison, visualized in the joint display (Table 3) [25]. This comparison enabled us to
assess for confirmation, discordance, and expansion of the datasets, and draw meta-inferences

[25].

Patient and public involvement

Patients and public were not involved in the design, conduct, reporting or dissemination of
this research.
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3
4 252 3. Results
> 253
- 254  This section starts with patient characteristics based on assessment data including biomarkers,
S 255  followed by domain-level findings on executive functions, attention and memory, and

10 256  psychological factors. In the Discussion section, the integrated results are further expanded

12 257  through a joint display (Table 3).

258 o
15 259  Patient characteristics and perioperative data s
:? 260  Patient characteristics and test results on a group level are presented in Table 1 and 2. Most %
12 261  patients (n=36) received spinal anesthesia, either with 0.25 ml morphine (0.4 mg ml) and 2.8 %
20 262  mlbupivacaine (5 mg ml) at level L3—L4 or L2-L3, or with 3.5 ml bupivacaine (5 mg ml) only. é ‘
;; 263  Four patients underwent general anesthesia with tracheal intubation, using a combination of % ‘
;i 264  induction drugs such as Alfentanil, Propofol, Fentanyl and a variation of neuromuscular §
;2 265  blocking drugs, and maintenance anesthesia with Sevoflurane. § ‘
27 266 S
;g 267  Neurocognitive assessment § %1
2(1) 268  Among the 40 patients, five were classified as ANCR (z-score >1.0 in at least two sub-tests), %‘%
32 269  withno statistical differences in anesthetic factors or characteristics between those with/without ; g ‘
gi 270  dNCR. The mean scores for each sub-test is presented in Table 2. §§
37 272  Patient reported quality of recovery %gj
22 273 On postoperative day 14, the patients’ postoperative recovery global score was mean 40.9 g@
2(1) 274  (Table 1) indicating low quality of recovery. There were no differences in SwWQoR scores E;Q_>.
fé 275  between those with/without dNCR. g;:

44 276 =

22 277  Blood borne biomarkers %

j; 278  One patient did not have a preoperative inflammatory biomarker result, and three patients had ?—,:

gg 279  missing results on the first postoperative day. The cytokines GM-CSF, IFN-y, IL-10, IL-2, and Fé’
51 280 IL-4 were undetectable in all patients, while IL-6, IL-8, TNF-a were detectable but below 0 § j
?g 281  pg/mL. Tryptophan levels (Table 1) were low both preoperatively and postoperatively in the E :

> 282 total sample.
56 283

58 284  Executive Functions

10
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Among the participants, n=12/40 declined on the Stroop Color Word test, n=10/40 on the
Concept Shifting Task test, and n=8/40 on the Letter Digit Coding test (Table 3). Moreover,
in the interviews (Supplementary material 1), the most significant and frequent problems the
patients described was related to their executive functions. The main qualitative findings were

associated to Problem-solving, Emotional regulation, Energization and Fatigue.

These challenges manifested considerably when patients tried to resume their everyday
activities at home or work, including meal preparation and initiating social contacts. While
some patients dedicated effort to their physical rehabilitation, others refrained due to energy

constraints, recounting days spent entirely in bed.

The patients described developing new strategies and skills to deal with the current changed
form, where some patients learned to carry the mug in another way, using a basket to carry
the plate with food to the bed to eat, using a ladder with help from spouse or if the patient was

living alone, this also affected their strategy, doing the task independently:

And I have learned to walk, so that it works. But it was an effort I didn't think I would

have to make. But it was the first time in these 50 years that I feel strained (PO1).
The effort to sustain energy to certain activities became particularly apparent in patients living
with spouses or children, as these family members assumed every task, from dressing to
household chores. Patients struggling with these limitations often experienced emotional
turmoil, expressing anger, impatience, and frustration upon realizing their changed capacity

for simple everyday tasks:

I've been a bit grumpy, I guess. I don't need to hide that. But no one has taken offense.

I've tried to be kind and nice, but sometimes you just snap a bit (P10).
These issues with regulating emotions were previously unfamiliar to the patients and
sometimes led to strained relationships, as some patients vented their emotions on their

spouses.

The patients’ coping mechanisms varied, with some patients testing how far they could go in
attempting pre-surgery activities such as leaving the house and go on a walk. Conversely,
others embraced their current limitations, recognizing the futility of certain tasks during this

phase of recovery. The patients conveyed a profound sense of fatigue or lethargy, irrespective

11
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of what they did or following specific activities. This fatigue was articulated on either

cognitive and motoric domain, or both:

The only thing I've managed is to go to the bathroom and take care of my needs
and... yes, brush my teeth and things like that. // I can handle such tasks, but nothing
else. I don’t have the energy for it, I’'m too tired. // I couldn't even dress myself at

first. My husband had to help me get dressed, you know (P06).

In response to this fatigue, patients adopted alternative coping mechanisms. Some patients

resorted to daytime sleeping while others avoided activities. This avoidance, distinct from

their pre-surgical behaviour, was characterized by patients refraining from planned activities.

For instance, they reported a shift from an intention to tidy up the house to do nothing at all.
Similarly, they described avoiding interactions with friends or family members due to a lack

of energy to engage in conversations.

Attention and Memory
In the Visual Verbal Learning test, n=4/40 patients declined. The main qualitative findings
were related to Subjective or Family concerns of Memory decline, Sustained attention, and

Mind wandering.

Patients frequently described instances of forgetfulness, such as entering the kitchen or
bathroom and subsequently forgetting their intended tasks. Some explicitly acknowledged
memory decline, recognizing pre-existing issues even before surgery. Patients who
experienced forgetfulness occasionally questioned themselves, speculating whether such

lapses existed before surgery.

Yes, I feel like I've had a really poor memory for a long time now. Because I've been
anxious about the surgery, and that affects concentration a bit. And I haven't been
feeling very well before either (P07).

Others recognized their memory decline to aging. For example, one patient expressed family
concern, revealing that a family member had commented on his memory loss recently. As a
result, the family member had taken over tasks the patient once handled independently.

Consequently, the patient articulated he perceived a memory loss.
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Some patients described how their minds wandered, especially during activities like reading,
or showering leading to difficulties in sustaining their attention. As a result, they often
abandoned the task. In contrast, others created adaptive strategies to manage their focus and
memory, such as pre-planning their medication routine and organizing pills in specific

containers.

Psychological factors
The main qualitative findings were related to Sense of agency, powerlessness, physical

limitations, and future perspectives.

In the interviews, some patients expressed a sense of relief and improved well-being post-
surgery, assigning it to the resolution of long-term pain that had accompanied every
movement before surgery. This positive change had a notable impact on their mood, as they

reflected on their pre-surgery state characterized by persistent pain.

I feel much more positive now than right after the surgery, as I sense that the pain is
heading in the right direction, and the mobility in the operated leg also feels much
better, in that way. So, I feel that I am regaining a bit more zest for life compared to

before the surgery (P03).

On the contrary, other patients conveyed feelings of powerlessness and dependence on family
members post-surgery, particularly in managing daily activities. Despite their family
members' well-intentioned efforts to protect them, this gave rise to annoyance. The patients
had a desire to maintain a sense of agency even though their abilities had changed post-
surgery. This transition from independent functioning to reliance on others resulted in feelings

of despair or a bad mood:

...To 110%. I don't want to be dependent...Yes, I become disheartened and a little
angry, and... What should I say?... Just this being dependent, it's... Yes, I want to do
everything myself if I may say so. Control my day, or control and manage and so on
(POB)

Expectations for the future and the ability to function independently raised concerns,
especially regarding the possibility of driving a car again. These worries about the future,
coupled with doubts about improvement, led to mood disturbances such as irritability and

feeling low.
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I have a different way, a different temperament. I don't recognize myself. I am

sometimes sad, and that's not something I used to be (P46).

Several patients spoke about the significant shift from being in control pre-surgery to a
postoperative state where they felt a loss of control over their bodies, their capabilities, and a
sense of being different. This perceived loss of control within the healthcare system left

patients feeling exposed.
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4. Discussion

We explored how 40 older adult patients experienced neurocognitive recovery after total hip
arthroplasty and how this experience aligned or differed with neurocognitive assessment and
biomarkers. Interestingly, no apparent differences were observed between those with detected
dNCR and those without, whether in qualitative or quantitative data collection. Consequently,

the data was presented at the group level.

In the neurocognitive tests, only five patients were classified as ANCR. However, more
patients showed impairments in individual cognitive domains. This indicates that, although
they did not meet the criteria for ANCR, they still experienced some degree of cognitive
impact, as presented in the joint display (Table 3). Among patients classified as having
dNCR, no specific subjective complaints or expressions of worry were reported during the
qualitative interviews. Moreover, subjective cognitive decline was widely expressed by many
patients in the interviews. The incongruence between the objective test results and subjective
cognitive decline is anticipated [26], as the controlled neurocognitive test environment lacks
external distractions compared to home or the workplace. Patients may demonstrate normal
cognitive performance briefly during the test, but their day-to-day functioning could be
compromised, leading to subjective cognitive decline [27] which became noticeable in the
qualitative data. Furthermore, our findings align with previous research that discovered no
correlation between cognitive performance and self-reported cognitive complaints [2,27-29].
Nonetheless, subjectively reported data in perioperative research is often obtained with a
variability of methods, such as questionnaires [29], phone interviews post-surgery [28,30], or
a single-item binary question [2]. The variability in data gathering poses a substantial
challenge in consolidating findings and identifying comprehensive patterns. The diverse
definitions and measurement approaches for SCD further complicate this task. In contrast,
aging research on SCD has primarily focused on symptom type and intensity, with a higher

symptom burden increasing the risk of clinical progression [31].

We found no association between inflammatory biomarkers and dNCR, consistent with other
studies [32-34]. As the inflammatory biomarkers were either undetectable or below 0 pg/L,
they were excluded from the joint display. Previous studies vary in their results when using
inflammatory biomarkers to detect ANCR, these variations may be due to different types of
surgery and different methods of analysing inflammatory markers. For example, a meta-

analysis [32] revealed an association between elevated C-reactive protein levels in both
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postoperative delirium and cognitive decline. However, insufficient evidence was available to
draw conclusions regarding IL-6, while IL-8, IL-10, and TNF-a showed no significant
association with cognitive decline. Similarly, a recent systematic review [35] noted elevated
IL-6 levels within <12 hours postoperatively in older adults but found no such association for
TNF-a. Another study focusing on older adults after hip fracture surgery, indicated that
glucocorticoid administration reduced levels of IL-6 and TNF-a. [36]. Perioperative
administration of glucocorticoids, commonly used in orthopaedic surgery, and non-steroidal
anti-inflammatory drugs (NSAID), frequently prescribed for osteoarthritis [37], have been
found to suppress cytokines including IL-6 and TNF-a [38]. Aligning with these findings,
updated European guidelines on postoperative delirium advise against the use of biomarkers
for prediction or prevention of delirium in patients at-risk [30]. Nevertheless, it remains
uncertain whether this recommendation extends to delayed neurocognitive recovery, posing

implications of the design of future trials.

Tryptophan levels were consistently low in our patients, similar to findings in a study of
patients with cancer-related fatigue [39]. Interestingly, mean tryptophan levels in other studies
were higher: 74.4 uM in patients with cancer-related fatigue [40] and 65 pmol/L in bariatric
surgery patients [41]. Besides the serotonin pathway, tryptophan is catabolized in the
kynurenine pathway and plays a role in energy homeostasis. Changes in this pathway can be
associated with low grade inflammation [40] which is relevant to our patient group with
osteoarthritis, a chronic inflammatory condition. Postoperative fatigue, characterized by
persistent weakness or tiredness is frequently overlooked, and significantly impacts cognitive,
behavioral and physical functions, often delaying the resumptions of daily activities after
surgery [42]. We found that two of the most frequently described symptoms in the qualitative
data was lack of energy and lethargy impacting the patient’s daily functioning after surgery,
aligning with previous research [43]. However, we did not ask how their energy levels were
before the surgery. Lethargy and lack of energy may be interpreted as fatigue which is not
traditionally a component in neurocognitive tests even though it impacts cognitive
functioning. Assessment of postoperative fatigue can be a helpful element, in addition to
neurocognitive assessments to predict postoperative recovery. Furthermore, each meaning
unit from the qualitative data may not exclusively correspond to a singular cognitive domain
but can in fact match to more than one, such as subjective complaints about attention could
match with memory. Previous literature indicate attention, working memory, and executive

control share substantial similarities in their functional and structural neural correlates [44].
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Postoperative pain was well-controlled, as evidenced by the low pain scores. While some
patients described an improved sense of well-being after experiencing pain relief following
surgery, others expressed concerns about the future and the ability to function independently.
The different coping strategies which the patient employed to resume daily activities aligns
with earlier studies [43,45,46]. In our study, patients described low mood, dependency on
others and perceived loss of agency which impacted their daily functioning due to the surgery.
Earlier studies [43,46-48] have found that psychological factors, specifically vulnerability
factors like depressive and anxiety symptoms affect postoperative recovery. These factors not
only manifest behaviourally through avoidance behaviours but also have cognitive
implications [49]. Patients described how social support facilitated a smoother postoperative
recovery process. Social support is related to improved global cognitive function, executive
functions and memory [50]. In our study, most patients resided with a spouse and received
support in their daily activities e.g., help with dressing, and cleaning. On the other hand, some
patients expressed a sense of powerlessness due to their reliance on others. For them,
depending on external support symbolized discomfort in seeking help. Therefore, clinical
implications should include assessing surgical patients for emotional stress, such as
depression and anxiety, as these factors are important predictors of postoperative recovery.

Behavioural therapeutic interventions can be effective in addressing these concerns [51].

The overall postoperative recovery score was 40.9 on a group level, meaning they had a
higher postoperative symptom burden and low quality of recovery, whereas a score <21 on
postoperative 14 , would indicate they had a good postoperative recovery [22]. However, the
quality of recovery score in the referenced study pertains to a day surgery unit with a mix of
young and older patients, which may not be directly applicable to our group consisting of

older adults with comorbidities.

To our knowledge, this is the first mixed-methods study exploring delayed neurocognitive
recovery together with psychological factors after total hip arthroplasty. All participants
underwent qualitative interviews, blood tests, and neurocognitive tests, and our results present
detailed descriptions of postoperative neurocognitive and emotional recovery. However,
limitations include strict eligibility criteria which led to the exclusion of many patients. This
strictness may have excluded frailer individuals, e.g., those with nervous system diseases.
Moreover, generalizability of our results is limited due to small number of participants and

patient-reported symptoms. Another limitation is the lack of standardized delirium assessment
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while patients were at the hospital and preoperative depression screening. However, the
SwQoR does include items assessing anxiety and depressive symptoms. While we
acknowledge the potential for bias with the same person conducting both tests and interviews,
efforts were made to minimize bias by standardizing the test procedure and instructions

provided to all participants.

Future direction should involve multidisciplinary teams that bridge specialty, primary, and
social care services. Long-term follow-ups should include objective neurocognitive
assessments, evaluations of fatigue, and measurements of instrumental daily activities.
Additionally, patients' subjective reports must be gathered in accordance with recommended

terminology [1].

Conclusion

In conclusion, this study found a disparity between subjective reports of neurocognitive
recovery and assessment methods. Although only a few patients were classified as having
delayed neurocognitive recovery after undergoing assessment, many described changes in

their daily functioning due to cognitive symptoms. The data highlights the complexity and

breadth of postoperative neurocognitive symptoms which extend beyond psychometric testing

and blood samples. Furthermore, psychological factors such as low mood and a sense of

agency was found to be a significant influencer of postoperative recovery.
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A/

Dropouts n=6
» Withdrawn participation (n=2)
 Postoperative complications (n=2)
 Surgery elsewhere (n=1)
* Research team not available (n=1)

\

BMJ Open

Excluded n =119

 Declined participation (n=40)
* Nervous system disease (n=32)
e Antidepressant or tranquilizer

treatment (n=15)
» Recent surgery (n=12)
« Alcohol or drug misuse (n=8)
 Hearing or visual impairment (n=6)
* Research team not available (n=4)
¢ Non-fluency in Swedish (n=2)

J

Analyzed (n=40)

Figure 1. Flow chart of participants.
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Table 1. Patient characteristics.

Sex
Men, n (%)
Women, n (%)
Age, years

Mean (min-max)

Level of education

Elementary school, n (%)
Upper secondary school, n (%)
Tertiary education, n (%)

Living situation

MMSE

ASA

Lives with spouse or adult children, n (%)

Lives with spouse and has home care, n (%)

Lives alone, n (%)
Lives alone and has home care, n (%)

Mean (SD)
I,n (%)

11, n (%)
111, n (%)

Comorbidities

Heart disease (e.g., hypertension) n (%)
Vascular disease, n (%)

Lung disease, n (%)

Kidney disease, n (%)

Diabetes, n (%)

History of cancer, n (%)

Autoimmune disease, n (%)

Type of anesthesia

Spinal, n (%)
General, n (%)

Duration of surgery, minutes (SD)
Duration of anesthesia, minutes (SD)

Intraoperative bleeding, ml (SD)

Total sample
(n=40)

19 (47.5)
21 (52.5)

70 (60-87)

11 (27.5)
13 (32.5)
16 (40)

29 (72.5)
1(2.5)
9(22.5)
1(2.5)

28 (1.4)

5(13)
18 (45)
17 (42)

24 (57)
9(21)
6 (14)
12)
5(12)
8 (19)
6 (14)

36 (90)
4 (10)

114.5 (32.4)
188.5 (36.5)

348 (148.9)
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If I have experienced some memory loss, it's
possible, it's possible. Because our children said,
'Dad, you won't remember this. It was like this'
(PO1).

Feeling absent-minded

So right now, I can read and read and read, and still,
I find myself stuck on the same sentence, and then

qualitative data shov&d Rt patients described
attentional changes cﬁ?er Bme, with only a few
acknowledging subjégtiveamemory decline or
expressing family cofcerBs about memory
decline. Feelings of sg)se@—mindedness and a
lack of focus were idéntiffed as factors
influencing both thei® meghory and decision-
making regarding thgactigities they chose to
engage in or avoid. o
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3 and then it's just as good to leave it/ Uhm, g %
4 concentration, I can't concentrate properly (P10). g'- S
5 Q@ N
¢ s &
; Psychologi Wanting to manage things independently While objective neu@@@itive tests focus solely on
9 cal factors cognitive functions, tj‘h@'@all short in capturing the
Sometimes it’s my dear wife... I become more affective component%tﬁl gle qualitative data
10 easily irritated, perhaps. It has to do with her trying | psychological factorgv@&sexpanded upon, with
11 to be overly protective and fetch everything for me, | patients articulating %eoii@pact of factors such as the
12 and I think to myself, "I can handle this on my sense of agency, feeling g)f powerlessness stemming
13 own," and then I get slightly annoyed at trivial from dependence on%_ceIs, and adjustments to new
14 things that are not relevant (P03) physical limitations. Jkes factors not only shaped
15 their overall well-be@@@t also significantly
16 Being in a bad mood and dependant on others influenced their relat#pnships and daily functioning.
17 Conversely, a few p%i@@ shared a more optimistic
18 And the thing about being dependent on other perspective on life, agt‘(ﬂ)gting it mainly to the relief
19 people and... you don't want to bother people, even | from previous pain. 3 TS
20 if they're your own sons, it feels like 'God, how > S
;; annoying [ am.' And then I get in a bad mood (P19). 3 %-
R
23 Feeling low a i
24 p 3
25 I feel a bit depressed because I can't do anything, a 9
26 and not fix anything, not fetch anything, not pick up g 3
27 anything (P08) = 3
28 - u
29 Brighter outlook 8 5
righter outloo S 3
30 3 R
31 I think maybe I was grumpier before the surgery S N
32 than after, because now it's done. And now, well, % E
33 theoretically at least, it can't get worse. Now it's just B}
34 going to get better (P12) Z
35 )
36 5]
37 @
38 =
39 Q
40 8
41 _g
42 <
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Categories Subcategories Codes Quotes
Executive | Problem-solving Performance awareness And I have learned %mv%alk so that it
Functions works. But it was an g@oajt I didn't think

Emotional regulation

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Feeling grumpy and snapping

Having a short fuse

I would have to maﬁeg) §ut it was the
first time in these SQ q@ars that I feel
strained (PO1) ofg

elep
siay) In

o

s
So you learn a lot ofg i
position yourself in a:co"l"her Leverage
against the back, and;’fthg; you stand
on the leg you're all@ve% to put weight

on. Yes, and then yQ_§ m3nage some
things with the coffed maker (P43)

o
w 3

1

: 3 =
I've been a bit grumgy, gguess. I don't
need to hide that. Byt none has taken
offense. I've tried togbe itmd and nice,
but sometimes you JlEt sn’ap abit (P10).

So, I have a pretty short gluse and [
lose patience when thlnﬁ don't go
smoothly... like when | @m t put on my
pants and stuff, so then nget angry.
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2 And then it might ha@pe;@ that a crutch
5 ends up in the wall o8 % soBnething (P31)
; N
7 . . C m
8 Energization g doth Yeah, I’ve mostly bé%:ﬁ Ellng in bed.
?O Avoiding initiatives and others That's what I've don %,%B d I've been
1 served food and eve&%mg, I haven't
12 had to do anything. fhag my
12 grandchildren 11V1ng§%§t§ me, so he
15 has helped a lot (PO(ﬁ % 8

oS o
16 2 =
7 538
18 5 m =
19 I notice that's not liks &'mg. [ am very
3(1) Not thorough as before and thorough about everysthlgg But now,
% delaying action there are things everg_wl’gre, and, by
23 the way, it's hard to gick3up. But I

. «Q

24 think, well, I'll do that lager. But I
25 haven't done it yet (FO8)3
e aven't done it yet ( & )g
27 2 o
28 > <
29 S 5
30 ‘ _ s 2
31 Fatigue Mental fatigue ?—, =
32 But administrative ta;sks%re no
gi problem, but sitting dowm to write
35 assignments, I don't hav% the
36 concentration for that. I get too tired
37 P31). @
7 (P31) 2
39 Motoric fatigue &
40 g
41 _g
42 c
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Attention and
memory

Subjective memory
decline
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Doubting memory function

Memory decline
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The only thing I've rganﬁged is to go
to the bathroom and iake% care of my
needs and... yes, brush ngy teeth and
things like that. // c%m.—.ﬁ’andle such
tasks, but nothing elé{bmﬁdon t have
the energy for it, I’ mn_{tgoatlred /1
couldn't even dress Iﬁ}%gf at first. My
husband had to help mg get dressed,
you know (P06).

7) Jnaiiadn

o
QD
OF
(9]
o

Ep pue Ix

I am tired, physicallg s I I go out and
walk, as I have tried gm@ for the last
three days...then I aﬁl q‘mte tired
afterwards...Yes, it S’Etmg to lie down.
And then I'm not reaﬂy gt for fight ...
I'm don’t have muclgen@gy for the
rest of the day. (P3 1g

uo jwoo fwgf

Ie|Iwis p

But, you know, it's jus t@at you start to
think that you're n@ sdgre when you
yourself stop not1c1% tﬁat you forget
things (P05).

salbo
® G20¢

Yes, I feel like I've hada really poor
memory for a long timeﬁlow. Because
I've been anxious aboud the surgery,
and that affects concefftration a bit.
And I haven't been feeﬁng very well
before either (P07).
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6 Family concern of Family member pointing out If I have experlence&some memory
7 memory decline memory decline loss, it's possible, 1t's&pog51ble
8 Because our chlldrergsiﬁi 'Dad, you
?O won't remember thlSHI?; gas like this'
11 (PO1). %CBD o
12 528
13 geg
14 %§ §
:2 Sustained attention Losing the thread Now it can be dlstragtcD éaround as
17 well, I mean you cari; 5\?’ hat should I
18 say? You lose the thBearE If we have a
;g study that we have r%’ad large
21 section, so... /Now a@ent had the
22 energy to partlclpateaancﬁhaven't had
;i the energy to read up> I %ant go
25 through everything IE_)WQHO I don't do
26 that (P06). 5 3
27 = o
28 . B 2
29 elfing Abssmt-maded So right nO\'zv, I can rgad%nd read and
30 read, and still, I find3nygglf stuck on
g; the same sentence, agd tisen and then
33 it's just as good to leftve §// Uhm,
34 concentration, I can't co(tgcentrate
22 properly (P10). %
37 @
38 Today, I showered with gle hearing
ig aids on. It wasn't good (EOI).
41 g
42 S
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Psychological
factors

Sense of agency

Powerlessness
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Lack of focus

Lack of agency

Wanting to manage things
independently

Being dependant on others

Page 32 of 44
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These last few day§ Ithave found it
challenging. I haveZ th&e magazines
that I subscribe to, t§atg receive. So I
haven't had the en@%Kto read them
properly. I haven't b%ﬁ sz)le to focus on
it (P39). BoE

e 1X3] 0
adns 1u
0|u1v\oq

But it's connected to&lﬁ%act that I'm

the kind of person W%Q\hﬁls a need for
control, too, so that. 3#131 you don't
have that when you sm*r@nder yourself
to healthcare. (P05) 3

ue ‘Buiurely |
!wquado_qu//

Sometimes it’s my dgar Sife... 1
become more easily mltited perhaps.
It has to do with her & slarylﬁg to be
overly protective an@ fe@h everything
for me, and I think t@ m_ﬁself "I can
handle this on my own,"\and then I get
slightly annoyed at tmvmﬁ things that
are not relevant (P03)

aouaby e

..To 110%. I don't wangto be
dependent. Absolutely. /.. Yes, |

31
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become dlsheartenecgan% a little
angry, and... What sﬁ)uﬁi I say?//...
Just this being deperEierﬁ3 it's... Yes, |
want to do everyth1n§ rmgself if I may
say so. Control my dﬁ}&@r control and
manage and so on (@%o

83 o

dependent

uegxal 01}
e@dns 1us
e(@ umoq °

And the thing about
on other people and.c a g(ﬁl don't want
to bother people, ev@gﬁthey re your
own sons, it feels hk% %ﬁ)d how
annoying [ am. Andgh’eﬁ I get in a bad
mood (P19).

1

ulures |y *
ado[wq/

Physical limitations Feeling low I feel a bit depresse&gbe@use I can't do
anything, and not ﬁ)éanjgthmg, not
fetch anything, not pgck ﬁp anything
(PO8)

Bojouyoal Jeji
Z ‘zT aunr uo

I have a different wag/ aﬁhfferent
temperament. [ don't rec%gnlze myself.
I am sometimes sad, ancﬁthat‘s not
something I used to be (§46).

| ap anbiydeiBoi|qig
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I feel much more po§tivl§ now than
right after the surgelg a§1 sense that
the pain is heading 1ﬁ“the°r1ght
direction, and the mébrﬂﬁy in the
operated leg also feei’s%ﬁlch better, in
that way. So, I feel tEa% Bam regaining
a bit more zest for llfe%gnpared to

on
@
o
a
=
o
2]
=
a3
0]
<
—
e

elep pue 1x

qyv) Jnauadn
01} papeoju

I think maybe I was gnc@pier before
the surgery than afteﬂF@cause now it's
done. And now, welE thgoretlcally at
least, it can't get wome -EJ ow it's just
going to get better (El 2)3

S
q n

‘saibojouyoa) Jejiwis pue
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Open question to patients, encouraging them to speak freely about their experiences regarding memory, c@nc@ltration, and recovery after hip
replacement surgery. c ®
e How do you perceive yourself from the time you were cared for in the recovery ward until now? § %“g
e How would you describe yourself since you underwent your hip replacement surgery? e §
589
. . . Tns
¢ Do you recognize yourself after your hip replacement surgery? In what way? Please describe whag*ygi)g mean.
255
. . . o .
e How is your memory after the surgery compared to before? When and how did you notice any changed? Can you provide an example?
5>
353
e Do you experience any changes in your concentration and attention? Can you elaborate on what ygixgean? Would you like to give an

example or describe a situation?

11V ‘6
waqy/:d

. . . 5 1O
Have you experienced or do you experience changes in your mood after the surgery? Feel free to &abgrate on your answer.
S4bg

Bu

« o
Can you describe your sleep before and after the surgery? If it has changed, what do you think it I:ﬁiighi-be due to? In what way is your
sleep changed?

JRIe|IWIS
‘2T audf uo jwo

Do you feel completely restored to your usual self, regarding your cognitive abilities after your su ? If not, describe freely in what

way and how. Can you describe the process?

€

How do you perceive your ability to initiate your daily activities? Can you provide examples and gesdgibe it?

‘sg@bojouyd

How are your energy levels?

| @p anbiydeuiboiqig aouaby 1e g@z
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Patients” experiences of early
postoperative cognition and its relation
to cognitive decline and inflammatory
responses: a protocol for a mixed-

methods study

Ulrica Nilsson

ABSTRACT

Introduction In the early weeks after surgery, patients
may experience cognitive changes and impaired memory
and concentration—changes commonly referred to as
postoperative cognitive decline. It is often the patient and/
or a relative that initially detects a change in cognitive
capacity after surgery, typically when resuming daily
activities. We lack information about how patients
experience early postoperative cognition (delayed
neurocognitive recovery) and if these experiences can be
reflected in biochemical pattern of inflammatory signalling
molecules, cognitive function as well as on quality of
postoperative recovery.

Methods and analysis The study has a mixed-methods
design that is integration of qualitative and quantitative
data within a single investigation. Participants included
will be patients aged >60 years that are undergoing
major elective joint replacement surgery (n=40) and their
relative. Patient’s experience of his/her early cognition
will be captured by interviews on postoperative day
1316 during the follow-up visit. A relative will also be
interviewed on the same day or the day after. Cognitive
function will be measured preoperatively and on
postoperative day 13—16 using the International Study
Group of Postoperative Cognitive Dysfunction test battery.
Symptoms/discomfort will be measured preoperatively
and postoperatively (on postoperative day 1 and 2 and

at the follow-up visit day 13—16) by the Swedish version
of Quality of Recovery and by a visual analogue scale
assessing pain intensity. Biomarkers will also be collected
at the same time points. The findings from the interviews
will be sorted out depending on group stratification

(no delayed neurocognitive recovery and delayed
neurocognitive recovery). The qualitative and quantitative
findings will be compared to seek for similarities and
differences.

Ethics and dissemination The project has been
approved by the Swedish Ethical Review Authority
(2019-02968) and will follow the principles outlined in
the 1964 Helsinki Declaration and its later amendments.
Results from this study will be disseminated in peer-
reviewed journals, scientific conferences and in social
media.

,"? Karin Liander,? Olav Rooyackers,® Lars | Eriksson®*

Strengths and limitations of this study
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» A mixed-methods study comparing patients’ experi-
ences of early postoperative cognition with patterns
in biochemical pattern of inflammatory signalling
molecules, cognitive function assessed with validat-
ed neuropsychological tests as well as on quality of
postoperative recovery.

» Patients’ own experiences of early postoperative
cognition including their relative’s view have never
been reported earlier.

» This study includes a small sample of patients and is
conducted in Sweden, and may not be generalisable
to other contexts.

INTRODUCTION

Postoperative neurocognitive decline
(POCD, previously termed postoperative
cognitive dysfunction) is one of the the
most common complications after other-
wise uneventful surgery and affects multiple
cognitive domains such as memory, executive
functions, information processing speed and
attention'™ with subsequently impaired day-
to-day memory, language skills, attention and
learning compared with levels demonstrated
preoperatively.”  Postoperative  cognitive
decline is diagnosed up to 30 days postopera-
tively (delayed newrocognitive recovery)” and is a
subtler deterioration in cognition, as it is not
characterised by obvious clinical symptoms
such as a change in the level of conscious-
ness.® With advanced age as the primary risk
factor for neurocognitive decline,2 45810 1he
incidence of cognitive dysfunction in elderly
patients 1 week after surgery is approximately
25%**'and remains at 10% at 3months.* "
Intraoperative factors have been hypothesised
as playing a role in the occurrence of POCD.
Yet, choice of anaesthesia (general vs
regional) has not been found to influence
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development of POCD® ' ¥ as well as the choice of anaes-

thetic agent,'* depth of anaesthesia'® and intraoperative
hypotension.'®

While the mechanism behind postoperative neuro-
cognitive disorders are not fully uncovered, there is a
growing body of evidence that surgery-induced inflam-
mation spread systemically via blood-borne immune cells
and cytokines to the brain via a disrupted blood-brain
barrier, resulting a transient neuroinflammation with
impaired cognitive processing.17 ' It has been reported
an inflammatory response to surgical procedure has
significant involvement in the POCD development.'
This postoperative neuroinflammatory reaction can
be altered by multiple factors within the perioperative
period such as pain, sleep disturbances and prolonged
infection.’

Because clinical evaluation of the brain is not a routine
part of preoperative evaluation'’ and the discrete nature
of cognitive disorders, itis often the patient and/or a rela-
tive who in the first instance detects a change in cognitive
capacity after surgery, typically when resuming daily activ-
ities.” It has also been reported that elderly patients are
‘never the same’ after surgery.'” Evidence suggests that
neurocognitive decline can act as a precursor of signif-
icant functional impairment following surgery; patients
developing neurocognitive decline leave the labour
market early and are more dependent on social transfer
payments.20 Neurocognitive disorders are, furthermore,
associated with increased mortality”* and with prolonged
hospitalisation.4 Evered et al proclaim that perioperative
cognition has become largely a research area rather than
a clinical state meaning that subjective aspects are rarely
sought or reported as well as capacity for activities of daily
living is overlooked. Therefore, a subjective report from
the patient is an essential element of diagnosing a periop-
erative neurocognitive decline.”

Aim

The aim of present study is therefore to explore patients’
experiences of their early postoperative cognition after
major orthopaedic surgery in relation to postoperative
cognitive function assessed with validated neuropsy-
chological tests, inflammatory signalling molecules and
quality of postoperative recovery as well as to describe the
relative’s view of early postoperative cognition.

METHODS AND ANALYSIS

Study design

A mixed-methods study that is inductive concurrent
design where the core component is qualitative and the
supplemental component is quantitative with integration
of qualitative and quantitative data within a single inves-
tigation” ** will be undertaken to address the research

questions. Study recruitment started in October 2019 and
is planned to end in April 2020.

Participants
Patients
Participants included will be patients undergoing major
elective joint replacement surgery (n=40) at a univer-
sity hospital in Sweden. The sample size is based on
the mixed-methods study design and the incidence of
early cognitive decline at 1-2 weeks postoperatively of
17%-25%.* * However, unpublished research with new
reference values indicates that the incidence is underes-
timated, and instead up to 50% can suffer from POCD.
Exclusion criteria: a score on the Mini-Mental State
Examination (MMSE) at screening of <22 that is,
suspected dementia®!; <60 years of age; suffering from
a nervous system disease; taking tranquillisers or antide-
pressants; underwent a surgical procedure in the previous
6 months; inability to read and speak Swedish or suffering
from a severe visual or auditory disorder, alcoholism or
drug dependence.

Relatives

One close relative (spouse or children with age =18 years)
per patient will be asked to participate. Inclusion criteria
for the relatives included identifying themselves as being
a relative whom the patient included in the study and
being able to take part in an interview in Swedish. The
patient decides which relative should be asked. If the rela-
tive does not accept to be included, the patient will not be
excluded.

Recruitment

One of the researchers will, during their preoperative
anaesthesia consultation, provide oral and written infor-
mation about the study. The details of the study and its
potential benefits as well as risks will be explained thor-
oughly to the patient. If the patient agrees to participa-
tion in the study, they will undergo the MMSE screening.
Values >22 indicated that the patient is eligible to partic-
ipate (figure 1).

Qualitative data

Interviews

The patients and their relative will be interviewed sepa-
rately. The opening question to the patients is: “How do
you yourself experience the time after the operation compared
to before?” Opening question to the relative: “How would
you describe your relative regarding being as they used to be,
being themselves, before the operation compared to the time after
surgery”. Probing questions were asked such as “What do
you mean? and “How would you describe that?” The infor-
mants will be encouraged to speak freely about the expe-
rience. An interview guide will be used to ensure covering
issues such as cognition, memory loss, attention, mood
and daily activity.

Quantitative data

Cognitive testing

Cognitive function will be measured preoperatively and
on postoperative day 13-16 using the International Study
Group of Postoperative Cognitive Dysfunction (ISPOCD)

5. 4bi:10.1136/bmjopen-2019-032650

SN IS 4P DOYE YD 6 Ho2- dadorrrpdess 0T se paysignd 1say :uado CINg

(s3gv) inauadns 1uaweugjaesu3

BLAdod Aq pe1oslold 1senb Aq FRUZOIEH YSRLISIISY 16 Y o6 iR b [Lad IWLELRR, ISP RSRIM0 @ 93T

M e


http://bmjopen.bmj.com/
http://bmjopen.bmj.com/

oNOYTULT D WN =

Page 42 of 44

BMJ Open

2 weeks

preoperatively Op POD 1 POD 2 POD 13-16
Preoperative anaesthesia ||} SwQoR 1. SwQoR Follow-up visit
consultation D NRS 2. NRS 1. ISPOCD
1 Study information 3 Biomarkers 3. Biomarkers 2. SwQoR
2. MMSE 3 NRS

', 4 Biomarkers
) 5. Patient’s interview

3. Inclusion 6. Relative's interview
4. SwQoR
5. NRS
6. ISPOCD
7. Biomarkers
8. Ack relative to

participate

Figure 1 Overview of the research process. ISPOCD, International Study Group of Postoperative Cognitive Dysfunction;
MMSE, Mini-Mental State Examination; NRS, numerical rating scale; POD, postoperative day; SwQoR, Swedish version of

Quality of Recovery.

neuropsychological test battery. The ISPOCD battery
assesses cognitive performance using four different tests,
providing seven variables for analysis, including Visual
Verbal Learning Test, the Concept Shifting Test, the
Stroop Colour-Word Test, the Letter-Digit Coding Test®
and has been validated in the perioperative setting for
two decades.® The tests will be administered in the same
sequence at each test session by the same researcher
following a standardised instruction manual in order to
ensure as uniform a test situation as possible. The tests
will be carried out in quiet rooms and only the patient
and a researcher (KL) will be present.

Blood-borne biomarkers

Inflammatory signalling molecules such as C reactive
protein, interleukin I-beta, interleukin-6, interleukin-10,
High Mobility Group Box 1 (HMGB-1) and fractalkine
will be measured preoperatively and postoperatively.
Venous blood samples (20 mL whole blood) will be drawn
from an intravenous cannula. Blood will be centrifuged
and plasma stored at —80°C until further analysed.

Quality of recovery

The patients’ quality of recovery will be measured by the
Swedish version of Quality of Recovery (SwQoR), which
measures 24 different items related to symptoms/discom-
fort that appear postoperatively, such as pain, anxiety,
sleep difficulties, dizziness, fatigue, returning to work or
usual home activities. The items are rated on 11-point
numerical scales ranging from 0, ‘none of the time’, to
10, ‘all of the time’. Reliability and validity tests have
provided evidence that it is appropriate to use SwQoR in
patients undergoing surgery.(‘

Pain intensity

Pain intensity will be measured using a numerical rating
scale (NRS) from O=nopain to 10=maximum possible
pain. The NRS has been tested for reliability and validity
in a Swedish population.*®

Nilsson U, et al. BMJ Open 2019; 60 . dor10. }656-

Demographic and perioperative data

These include: age, sex, MMSE score, comorbidities,
American Society of Anaesthesiologists classification,
aesthetic technique and duration, duration of the proce-
dure, blood loss (mL), blood transfusion (mL), use of
analgesics during hospitalisation and at home until the
follow-up visit, postoperative complications and length of
stay.

Procedure

Preoperative data collection

If the patient chooses to participate in the study, they
will undergo the cognitive test preoperatively. The test
will be performed in an undisturbed room where only
the patient and researchers will be present. The tests are
expected to take about 20min. Blood-borne biomarkers
will be collected and SwQoR and pain intensity questions
will be measured after the cognitive testing is completed
(table 1 and figure 1). The day and time of day for preop-
erative data collection will be documented.

Postoperative data collection

The cognitive test and the interview with the patients will
take place on postoperative day 13—-16 during the patient’s
follow-up visit. After the cognitive test is completed,
SwQoR and biomarkers will be measured. The patient’s
relatives will be interviewed separately on the same day or
the day after and by the same researcher (KL). All cogni-
tive tests will be performed by one of the researchers
from the research group (KL), with education and expe-
rience of performing the test. SWQoR, pain intensity and
blood-borne biomarkers will be measured postoperative
day 1-3, the same time of day #+2hours and on day 13—
16 during patient’s follow-up visit. The day and time of
day for sampling biomarkers at the follow-up visit will be
documented. A research nurse at the Clinical Research
Unit at the University Hospital will collect all biomarkers
(table 1 and figure 1).
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Table 1 Outcome measures

Outcome Preoperative POD 1 POD 2 POD 13-16
Cognitive test ISPOCD battery X X
Neuroinflammatory reaction Blood-borne biomarkers X X X X
Postoperative recovery Swedish version of X X X X

Quality of Recovery

questionnaire
Pain intensity Numerical rating scale X X X X
Experiences of Interviews with patients X

postoperative cognition and relatives

ISPOCD, the International Study Group of Postoperative Cognitive Dysfunction; POD, postoperative day.

Data analysis

Qualitative data analysis

All interviews will be transcribed verbatim and analysed
in line with an inductive thematic analysis.27 In the first
step, all interviews will be read through, patients and rela-
tives separately, and expressions concerning the experi-
enced postoperative cognitive decline will be marked.
At the same time, initial reflections on the data will be
noted. In the second step, the marked expressions will
be coded into a condensed, semantic description of the
experiences expressed. Third, themes will be identified,
based on sorting the codes and initial reflections. In this
step, relations between and levels of the themes will also
be mapped. In step four, a review of the themes will be
conducted, in which all codes included in a theme are
considered, following which the whole analysis is consid-
ered in relation to the initial reflections and original texts.
Thereafter, all themes and subthemes will be named. The
findings from patients and relatives will be presented
separately as well as being compared to seek for similar-
ities and differences, and will be highlighted. Also, indi-
vidual similarities and differences within the couples will
be presented. The data analysis will be blinded to the
findings from the biomarkers, cognitive tests, SWQoR and
pain in order to not be influenced. The analysis will be
performed in Swedish and thereafter be translated into
English.

Quantitative data analysis

Changes in cognitive performance will be calculated for
each of seven test variables and corrected for practice
effects and variability using data from a historical age-
matched control group that has undergone testing using
the same battery and with the same intervals.” To quantify
the change from preoperative test to the postoperative
tests scores, separate and composite z-scores will be calcu-
lated on the basis of the seven cognitive test results and
compared using Mann-Whitney U rank sum test.

To analyse differences in biomarkers within patients
and between patients, X2 or Student’s t-test will be used. To
analyse differences within patients and between patients
in cognitive performance and postoperative recovery,
Mann-Whitney U rank sum tests will be used. For statistical

analyses, IBM SPSS statistics V.24 for Windows will be used
(IBM, Armonk, New York, USA). A p value of <0.05will
be considered to be statistically significant in all analyses.

Descriptive statistics of demographic and periopera-
tive data will be presented by number, percentage and
mean (SD) or min-max, as appropriate. Depending on
the results from the cognitive tests and biomarkers, the
patients will be stratified on the basis of their postoper-
ative composite cognitive z-score result into two groups:
no delayed neurocognitive recovery corresponding to a
composite z-score <l or delayed neurocognitive recovery
with composite z-score >1.0.” Patient characteristics will be
compared, between these two groups, using Fisher’s exact
test for categorical outcomes and t-tests or the Wilcoxon
rank-sum test for continuous variables, as appropriate. A
difference will be considered if any of these characteris-
tics between the two groups has a p value of <0.05.

The analytical point of integration

The qualitative and quantitative findings will be brought
together to look for similarities, that is, whether the qual-
itative and the quantitative findings yield convergent
results (triangulation) or if they are diverged. Thereafter,
the findings from the interviews, both patients and rela-
tives, will be sorted out depending on group stratification
(no delayed neurocognitive recovery or delayed neuro-
cognitive recovery). The qualitative and quantitative find-
ings will then be compared to seek for similarities and
differences. All patients will be included in the mixed
data analysis even though they have an improvement in
z-score, SWQoR or biomarkers.

Dissemination

The study results will be disseminated through peer-
reviewed publications and conference presentations to
the scientific community and social media.

Patient and public involvement

Patients were not involved in the design of the study and
will not be involved in the recruitment of participants.
The results of the project will be disseminated through
scientific papers.
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DISCUSSION

Knowledge can be obtained both by understanding and
explaining a phenomenon of interest, which is the reason
why a mixed-methods design including both qualitative
and quantitative data will be used. By merging qualitative
and quantitative data, we will look for confirmation, expan-
sion and discordance in the different datasets. Confirma-
tion occurs when the data confirm each other, that is, that
the results from the qualitative and quantitative analyses
confirm the results in the respective outcome. The data
can also expand, that is, when the outcomes diverge and
expand or complement the results from the qualitative
and quantitative findings. Discordance occurs when the
results from the different data conflict, or disagree, with
each other.”’ # When results from the quantitative and
qualitative study do not match completely, this enhances
the robustness of the study by illustrating the complexity
of the problem studied.” In this study, the quantitative
data include both objective (biomarkers and cognitive
testing) and subjective (SwQoR and postoperative pain)
outcomes and the qualitative data include both the
patient’s and the relative’s view.

POCD is a major neurological adverse outcome
following major surgery5 029 with age as one of the major
risk factors.” * Cognitive assessment in order to capture
POCD is not a routine part of clinical practice, and nor
do we have any evidence for patients’ and their relatives’
own experience of suffering from POCD and whether
there is a relation between objective and subjective
outcomes of it. The knowledge from the present project
as well as earlier evidence from studies assessing POCD
will create a base in developing a gamified version of the
traditional pen-and-paper cognitive assessment tools, in
order to start assessing POCD in an easy and secure way
in clinical practice. Until this is done, the results from
the present project will generate evidence for clinical
practice to detect patients with POCD by identifying signs
and symptoms that patients and their relatives themselves
describe when suffering from POCD.

ETHICAL CONSIDERATIONS

It is recognised that the study protocol involves cogni-
tive tests that may display pre-existing and previously
unknown cognitive impairment.”’ Detailed informa-
tion about the extent and duration of cognitive tests,
including possible outcomes, will be carefully explained
and the patient and the relative can refuse to participate
on the basis of this information. In addition, participants
will be informed that the study is voluntary and that the
data would be treated with confidentiality. They will also
be informed that they can terminate their participation
at any time. Written informed consent will be obtained
from the participants after they have received written
and verbal information about the study, including the
purpose and procedures, the voluntariness of participa-
tion and the option to withdraw at any time. They will also
be guaranteed confidentiality and secure data storage.
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We will follow good clinical practice in the conduct of
clinical trials.

The study follows the recommendations of the World
Medical Association General Assembly that include prin-
ciples considering the prospective registration and the
public disclosure of study results to be ethical obligations,
as follows: ‘Every research study involving human subjects must
be registered in a publicly accessible database before recruitment
of the first subject’ and ‘Negative and inconclusive as well as
positive results should be published or otherwise made publicly
available’. All researchers will follow the Uniform Require-
ments for Manuscripts.”'
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Abstract:
Objective: Delayed neurocognitive recovery, previously known as postoperative cognitive
dysfunction, is a common complication affecting older adults after surgery. This study aims to
address the knowledge gap in postoperative neurocognitive recovery by exploring the
relationship between subjective experiences, performance-based measurements, and blood
biomarkers.
Design: Mixed methods study with a convergent parallell (QUAL+quan) design.
Setting and Participants: The study report results from 40 older adult patients (52.5%
women; mean age 73, SD=6.7), scheduled for total hip arthroplasty at a hospital in Sweden.
Outcome measures: Neurocognitive performance was assessed using a standardized test
battery, neuroinflammation through blood biomarker analysis, and postoperative
neurocognitive recovery via semi-structured interviews and the Swedish Quality of Recovery
questionnaire.
Results: Five patients were classified as having delayed neurocognitive recovery based on
performance tests. Qualitative data revealed that most patients reported cognitive symptoms,
mainly, particularly related to executive functions and fatigue. Psychological factors,
including a sense of agency and low mood significantly influenced cognitive recovery and
daily functioning. Elevated inflammatory blood biomarkers were not detected pre- or
postoperatively in patients with delayed neurocognitive recovery. The global postoperative
recovery score was 40.9, indicating a low quality of recovery.
Conclusion: Many patients reported subjective cognitive decline that was not corroborated by
delayed neurocognitive recovery in the performance-based tests. Psychological factors were
influential for neurocognitive recovery and should be routinely assessed. Future research
should incorporate longitudinal follow-ups with performance-based measurements, fatigue
assessment, evaluations of instrumental activities of daily living, and subjective reporting,
supported by a multidisciplinary team approach.
Clinical Trial Registration: NCT05361460
Keywords: arthroplasty, replacement, hip, neurocognitive disorders, neuropsychological
tests, postoperative cognitive complications
Article summary
Strengths and limitations of this study
e To our knowledge, this is the first mixed methods study exploring performance-based
measurements and subjective reports of postoperative neurocognitive recovery after

orthopedic surgery.
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e We assessed neurocognitive performance with a test battery, explored postoperative
neurocognitive recovery through semi-structured interviews and measured the
potential neuroinflammatory response with blood biomarkers.

o Results from 40 patients at a university hospital in Sweden are presented, a sample
that may not be generalizable to other contexts.
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1. Introduction

Delayed neurocognitive recovery (ANCR), formerly known as postoperative cognitive
dysfunction (POCD) ! commonly affects older adults within a month post-surgery 23
Neuroinflammation and oxidative stress has been demonstrated to be part of the mechanism
of dNCR #°, and proinflammatory cytokines such as interleukin-6 and tumor necrosis factor
alpha enter the brain via normal or disrupted blood-brain-barrier ©. Yet, at present there are no
specific inflammatory biomarkers clinically validated for predicting or diagnosing dNCR °.
Moreover, fluctuations in tryptophan plasma levels have been suggested as a potential cause
of postoperative fatigue, affecting serotonin 5-HT production and contributing to
postoperative fatigue through 5-HT-synthesis resulting from changes in plasma amino acid

levels 7.

The recovery process from surgery is a multifaceted construct influenced by physical,
psychological, and social factors 8. Patients may regain their preoperative state or surpass it,
reaching a high level of well-being and recovering lost functions® . While perioperative
research has emphasized overall recovery, the understanding of neurocognitive recovery in

particular—what it entails, how it is experienced, and its implications—remains ambiguous.

Delayed neurocognitive recovery manifests with cognitive decline in memory, attention,
processing speed, and executive functions !, and is linked to heightened disability risk '°.
Traditionally, INCR was assessed only through neurocognitive tests !! but the updated
nomenclature includes subjective cognitive decline (SCD) and daily function changes in the
diagnosis '. SCD, reported even without cognitive impairment, indicates elevated future
cognitive impairment and dementia risk '2. However, perioperative research has primarily
focused on quantitative measures of ANCR in the past decades, resulting in subjective reports

being overlooked.

Therefore, this mixed methods study aims to fill the current knowledge gap in postoperative
neurocognitive recovery by integrating quantitative and qualitative data. By exploring
performance-based measurements (neurocognitive test battery), blood samples (biomarkers)
and how subjective reports on neurocognitive recovery (semi-structured interviews and a
patient-reported outcome) are experienced. We hypothesized that patients showing decline in

performance-based tests would have differing experiences in the interviews, and vice versa.
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2. Methods

Study design and setting

This mixed-methods study, had a parallell convergent (QUAL+quan) design 34, and was
conducted at a university hospital in Stockholm, Sweden. The mixed methods design was
qualitatively dominant, and we integrated both qualitative and quantitative approaches !> with
the intention to provide an in-depth understanding of early postoperative neurocognitive
recovery, following the Diagnostic and Statistical Manual of Mental disorders fifth edition
(DSM-5) criteria for mild/major neurocognitive disorders ¢ . We collected and analyzed the
quantitative and qualitative data separately, subsequently merged to identify any

convergences, divergences, or relationships between the two.

We obtained ethical permit (2019-02968) from the Swedish Ethical Review Authority on
2019-06-19, registered the study at ClinicalTrials.gov (NCT05361460), and published the
study protocol 7. We recruited patients at the scheduled clinical preoperative visit, provided
study information, and obtained written informed consent from all patients, following the

Declaration of Helsinki !8.

Study population

Between October 2019 and November 2021, we included 46 patients aged >60 years through
convenience sampling. There were 6 dropouts (Figure 1). Recruitment was extended by 18
months due to the COVID-19 outbreak. All potential eligible study participants were
preliminary screened and approached by the fourth author. The patients were scheduled for
total hip arthroplasty and all patients underwent both the quantitative and qualitative data
collection. Exclusion criteria were: Mini Mental State Examination (MMSE)!® <22, nervous
system disease, dependence on antidepressant or tranquilizer, alcohol or drug misuse, hearing

or visual impairment, surgery in the previous 6 months, and lack of fluency in Swedish.

Outcome measures

We obtained demographic and perioperative data from patient records, including comorbidities,
age, sex, MMSE score, pain intensity with numeric rating scale (NRS), education level,
cohabitant status, American Society of Anesthesiologists classification (ASA-classification),

anesthetic technique and duration, and duration of the surgery.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 6 of 40

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid
* (s3gv) Inaladns juswaublasug


http://bmjopen.bmj.com/

Page 7 of 40 BMJ Open

1

2

2 148  Neurocognitive assessment

5 149  We measured neurocognitive performance with the International study of postoperative

? 150  cognitive dysfunction (ISPOCD) test battery 2°, administered by the fourth author, who was

S 151  trained in neurocognitive testing. The battery includes four neurocognitive tests 2°:

10 152

1; 153 1. Visual Verbal Learning Test (VVLT) measuring verbal episodic memory, based on

:i 154 Rey’s auditive recall of words, includes 15 words in 3 trials. A higher total word count ‘
:2 155 indicates better scores. 1
17 156 2. Concept Shifting Test (CST), measuring visual mental flexibility, based on the Trail
12 157 Making Test includes 16 circles in 3 trials. Less time and fewer errors indicate better
;? 158 scores. :
;g 159 3. Letter-Digit Coding Test (LDC), measuring executive attention, working memory
24 160 and speed, based on the Symbol Digits Substitution Test during 60 seconds. High |
;2 161 scores indicate better performance. ‘
;é 162 4. Stroop Colour-Word Test (SCW), measuring executive selective attention, includes
29 163 40 words in 3 trials. Less time and fewer errors indicate better scoring. J
3(1) 164 :
32 |

33 165  Patient reported outcome measurement

34 166  We assessed postoperative quality of recovery with the 24-item Swedish quality of recovery
36 167  questionnaire (SwWQoR-24). Each item measures various symptoms or discomfort related to
38 168  surgery and anesthesia such as pain, nausea, anxiety, sleep difficulties, fatigue. The patient

39169  rates these items on an 11-item scale, ranging from 0 (indicating none of the time) to 10

* (s3gv) Inaladns juswaublasug

41 170 (indicating all the time). The range is from 0, indicating excellent quality of postoperative

43 171  recovery, to 240, indicating poor quality of postoperative recovery. The patient is considered
45 172 to have a good postoperative recovery if they have a global score less than 21 on

46 173 postoperative day 14. The SwQoR-24 has been validated in a Swedish setting with

48 174  postoperative patients 2! 22,

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

49 |
50 175 i
g; 176  Blood-borne biomarkers :

|

>3 177  We measured inflammatory biomarkers Granulocyte-macrophage colony-stimulating factor
55 178  (GM-CSF), interferon gamma (IFN-y), interleukin-2 (IL-2), interleukin-4 (IL-4), interleukin-6 ;
57 179 (IL-6), (IL-8), interleukin-10 (IL-10), and tumor necrosis factor alpha (TNF-a), and the non- |
%8180 inflammatory biomarker Tryptophan at the preoperative visit, postoperative day 1 and on day

60 181  13-16 to assess its association with neurocognitive recovery. We took peripheral blood (11 mL

6

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

oNOYTULT D WN =

182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215

BMJ Open

whole blood) from the patient, centrifuged it, and plasma was stored at -80 degrees Celsius until
analysis. Tryptophan was measured using the standardized technique High Performance Liquid
Chromatography (HPLC). We analyzed all blood samples in August 2023, with the BIO-RAD
Bio-Plex Pro Human Cytokine 8-plex Assay #M50000007A.

Procedure

The preoperative assessment at the orthopedic clinic included a performance-based
measurement using a standardized test battery (ISPOCD), blood sampling, and SwQoR-24.The
postoperative assessment on days 1 to 3 included blood sampling and SwQoR-24. On day 13
to 16, the postoperative assessment at the orthopedic clinic included the test battery, blood
sampling, SwQoR-24, and semi-structured qualitative interviews. This timeline was selected to

capture delayed neurocognitive recovery, which is manifested within 30 days after surgery 3.

Surgery and anesthesia

The total hip arthroplasty surgery was carried out in accordance with normal clinical practice.
Patients received spinal anesthesia, either with 0.25 ml morphine (0.4 mg ml) and 2.8 ml
bupivacaine (5 mg ml) at level L3—-L4 or L2-L3, or with 3.5 ml bupivacaine (5 mg ml) only.
Four patients underwent general anesthesia with tracheal intubation, using a combination of
induction drugs such as Alfentanil, Propofol, Fentanyl and a variation of neuromuscular

blocking drugs, and maintenance anesthesia with Sevoflurane.

Qualitative data

Semi-structured, face-to-face interviews were conducted two weeks after surgery. The
interview questions covered cognitive functions, daily activities, and overall mood, following
an interview guide (Supplementary Material 2). Each interview was audio-recorded and

transcribed verbatim.

Data analysis

Statistical analysis

Descriptive statistics are presented as means, standard deviations, median score, and
completion times for the neurocognitive test battery. Wilcoxon signed rank test was applied to
assess changes in raw scores and completions times for the neurocognitive test battery.
Normality of the data was assessed with Q-Q plots, histograms and Shapiro Wilk Test. A two-

sided p-value of <0.05 was considered statistically significant. Cognitive performance
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changes were adjusted for practice effects and variability using age-matched nonsurgical
controls, the z-scores were calculated to assess changes from preoperative to postoperative
tests with ANCR defined as a z-score of >1.0 on day 13-16 after surgery, z-score of <1.0 on
day 13-16 indicated no decline according to the ISPOCD method 2° We followed the
diagnostic rule for delayed neurocognitive recovery, meaning decline in at least two sub-tests

1 We used IBM SPSS version 28 (IBM Corp., Armonk NY) for statistical analysis.

Qualitative analysis

Four authors (AA, GM, JE, LB) analyzed the qualitative data. We applied Elo & Kyngés 24
description of content analysis to the data, with a deductive and inductive approach. We
initially chose a set of categories i.e., cognitive domains; attention and memory and, executive
functions based on theoretical framework 2, and our research objectives. These categories
served as a structured matrix to code the data. As our analysis advanced, we recognized a
recurring affective theme in the interviews. We openly coded these meaning units and
categorized them as psychological factors, aligning with our research questions and
acknowledging their influence on neurocognitive recovery. The analysis process involved
several iterative steps. First, we read the verbatim transcribed interviews thoroughly. Then,
we developed a structured categorization matrix (Supplementary Material 1), and reviewed
and coded the data according to the categories and subcategories, and only extracted data that
fit the final matrix 24, Lastly, we held meetings regularly within our research group to achieve

an agreement on data analysis.

Mixed methods analysis

First, we analyzed the qualitative and quantitative datasets separately. Then, we merged the
results from the datasets by conducting a thorough side-by-side comparison, which is
visualized in the joint display (Table 3) 6. The joint display comparison enabled us to assess
for confirmation, discordance, and expansion of the datasets, and draw meta-inferences 26. All
findings were discussed within the research group. The initial proposed display was created
by AA through an iterative process, with patterns, revisions and reviews conducted by LB and

GM.

Patient and public involvement

Patients and public were not involved in the design, conduct, reporting or dissemination of
this research.
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3. Results

This section starts with patient characteristics based on assessment data including biomarkers,
followed by domain-level findings on executive functions, attention and memory, and
psychological factors. In the Discussion section, the integrated results are further expanded

through a joint display (Table 3).

Patient characteristics and perioperative data

Six patients were excluded from the analyses because of withdrawn participation, postoperative
complications, surgery elsewhere and the research team not being available, thus leaving 40
patients (Figure 1). Patient characteristics and test results on a group level are presented in Table

1 and 2.

Neurocognitive assessment

Among the 40 patients, five were classified as ANCR (z-score >1.0 in at least two sub-tests),
with no statistical differences in anesthetic factors or characteristics between those with/without
dNCR. The mean scores and relevant completion times for each sub-test are presented in Table

2.

Patient reported quality of recovery
On postoperative day 14, the patients’ postoperative recovery global score was mean 40.9
(Table 1) indicating low quality of recovery. There were no differences in SwWQoR-24 scores

between those with/without dANCR.

Blood borne biomarkers

One patient did not have a preoperative inflammatory biomarker result, and three patients had
missing results on the first postoperative day. The cytokines GM-CSF, IFN-y, IL-10, IL-2, and
IL-4 were undetectable in all patients, while IL-6, IL-8, TNF-o were detectable but below 0
pg/mL. Tryptophan levels (Table 1) were low both preoperatively and postoperatively in the

total sample.
Executive Functions

Among the participants, n=12/40 declined on the Stroop Color Word test, n=10/40 on the
Concept Shifting Task test, and n=8/40 on the Letter Digit Coding test (Table 3). Moreover,
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in the interviews (Supplementary material 1), the most significant and frequent problems the
patients described was related to their executive functions. The main qualitative findings were

associated to Problem-solving, Emotional regulation, Energization and Fatigue.

These challenges manifested considerably when patients tried to resume their everyday
activities at home or work, including meal preparation and initiating social contacts. While
some patients dedicated effort to their physical rehabilitation, others refrained due to energy

constraints, recounting days spent entirely in bed.

The patients described developing new strategies and skills to deal with the current changed
form, where some patients learned to carry the mug in another way, using a basket to carry
the plate with food to the bed to eat, using a ladder with help from spouse or if the patient was
living alone, this also affected their strategy, doing the task independently:

And I have learned to walk, so that it works. But it was an effort I didn't think I would

have to make. But it was the first time in these 50 years that I feel strained (PO1).
The effort to sustain energy to certain activities became particularly apparent in patients living
with spouses or children, as these family members assumed every task, from dressing to
household chores. Patients struggling with these limitations often experienced emotional
turmoil, expressing anger, impatience, and frustration upon realizing their changed capacity

for simple everyday tasks:

I've been a bit grumpy, I guess. I don't need to hide that. But no one has taken offense.

I've tried to be kind and nice, but sometimes you just snap a bit (P10).
These issues with regulating emotions were previously unfamiliar to the patients and
sometimes led to strained relationships, as some patients vented their emotions on their

Spouscs.

The patients’ coping mechanisms varied, with some patients testing how far they could go in
attempting pre-surgery activities such as leaving the house and go on a walk. Conversely,
others embraced their current limitations, recognizing the futility of certain tasks during this
phase of recovery. The patients conveyed a profound sense of fatigue or lethargy, irrespective
of what they did or following specific activities. This fatigue was articulated on either

cognitive and motoric domain, or both:

10
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The only thing I've managed is to go to the bathroom and take care of my needs
and... yes, brush my teeth and things like that. [...] I can handle such tasks, but
nothing else. I don’t have the energy for it, I'm too tired. [...] I couldn't even dress

myself at first. My husband had to help me get dressed, you know (P06).

In response to this fatigue, patients adopted alternative coping mechanisms. Some patients

resorted to daytime sleeping while others avoided activities. This avoidance, distinct from

their pre-surgical behaviour, was characterized by patients refraining from planned activities.

For instance, they reported a shift from an intention to tidy up the house to do nothing at all.
Similarly, they described avoiding interactions with friends or family members due to a lack

of energy to engage in conversations.

Attention and Memory
In the Visual Verbal Learning test, n=4/40 patients declined. The main qualitative findings
were related to Subjective or Family concerns of Memory decline, Sustained attention, and

Mind wandering.

Patients frequently described instances of forgetfulness, such as entering the kitchen or
bathroom and subsequently forgetting their intended tasks. Some explicitly acknowledged
memory decline, recognizing pre-existing issues even before surgery. Patients who
experienced forgetfulness occasionally questioned themselves, speculating whether such

lapses existed before surgery.

Yes, I feel like I've had a really poor memory for a long time now. Because I've been
anxious about the surgery, and that affects concentration a bit. And I haven't been
feeling very well before either (P07).

Others recognized their memory decline to aging. For example, one patient expressed family
concern, revealing that a family member had commented on his memory loss recently. As a
result, the family member had taken over tasks the patient once handled independently.

Consequently, the patient articulated he perceived a memory loss.

Some patients described how their minds wandered, especially during activities like reading,
or showering leading to difficulties in sustaining their attention. As a result, they often

abandoned the task. In contrast, others created adaptive strategies to manage their focus and

11
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memory, such as pre-planning their medication routine and organizing pills in specific

containers.

Psychological factors
The main qualitative findings were related to Sense of agency, powerlessness, physical

limitations, and future perspectives.

In the interviews, some patients expressed a sense of relief and improved well-being post-
surgery, assigning it to the resolution of long-term pain that had accompanied every
movement before surgery. This positive change had a notable impact on their mood, as they

reflected on their pre-surgery state characterized by persistent pain.

1 feel much more positive now than right after the surgery, as I sense that the pain is
heading in the right direction, and the mobility in the operated leg also feels much
better, in that way. So, 1 feel that I am regaining a bit more zest for life compared to

before the surgery (P03).

On the contrary, other patients conveyed feelings of powerlessness and dependence on family
members post-surgery, particularly in managing daily activities. Despite their family
members' well-intentioned efforts to protect them, this gave rise to annoyance. The patients
had a desire to maintain a sense of agency even though their abilities had changed post-
surgery. This transition from independent functioning to reliance on others resulted in feelings

of despair or a bad mood:

... To 110%. I don't want to be dependent...Yes, I become disheartened and a little
angry, and... What should I say?... Just this being dependent, it's... Yes, I want to do
everything myself if [ may say so. Control my day, or control and manage and so on
(P08)

Expectations for the future and the ability to function independently raised concerns,
especially regarding the possibility of driving a car again. These worries about the future,

coupled with doubts about improvement, led to mood disturbances such as irritability and

feeling low.

I have a different way, a different temperament. I don't recognize myself. I am

sometimes sad, and that's not something I used to be (P46).
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Several patients spoke about the significant shift from being in control pre-surgery to a

postoperative state where they felt a loss of control over their bodies, their capabilities, and a

sense of being different. This perceived loss of control within the healthcare system left

patients feeling exposed.
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4. Discussion

We explored how 40 older adult patients experienced neurocognitive recovery after total hip
arthroplasty and how this experience aligned or differed with neurocognitive assessment and
biomarker results. Interestingly, no apparent differences were observed between those with
detected ANCR and those without, whether in qualitative or quantitative data collection.

Consequently, the data was presented at the group level.

In the neurocognitive tests, only five patients were classified as ANCR. However, more
patients showed impairments in individual cognitive domains. This indicates that, although
they did not meet the criteria for ANCR, they still experienced some degree of cognitive
impact. Among patients classified as having dNCR, no specific subjective complaints or
expressions of worry were reported during the interviews. Moreover, subjective cognitive
decline was widely expressed by many patients in the interviews. The incongruence between
the objective test results and subjective cognitive decline is anticipated 27, as the controlled
neurocognitive test environment lacks external distractions compared to home or the
workplace. Patients may demonstrate normal cognitive performance briefly during the test,
but their day-to-day functioning could be compromised, leading to subjective cognitive
decline ?® which became noticeable in the qualitative data. Furthermore, our findings align
with previous research that discovered no correlation between cognitive performance and self-
reported cognitive complaints 228-30. Nonetheless, subjectively reported data in perioperative
research is often obtained with a variability of methods, such as questionnaires 3°, phone
interviews post-surgery 2°3!, or a single-item binary question 2. The variability in data
gathering poses a substantial challenge in consolidating findings and identifying
comprehensive patterns. The diverse definitions and measurement approaches for SCD
further complicate this task. In contrast, aging research on SCD has primarily focused on
symptom type and intensity, with a higher symptom burden increasing the risk of clinical

progression 32,

We found no association between inflammatory biomarkers and dNCR, consistent with other
studies 33-3°. As the inflammatory biomarkers were either undetectable or below 0 pg/L, they
were excluded from data integration. Previous studies vary in their results when using
inflammatory biomarkers to detect ANCR, these variations may be due to different types of
surgery and different methods of analysing inflammatory markers. For example, a meta-

analysis 3 revealed an association between elevated C-reactive protein levels in both
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postoperative delirium and cognitive decline. However, insufficient evidence was available to
draw conclusions regarding IL-6, while IL-8, IL-10, and TNF-a showed no significant
association with cognitive decline. Similarly, a recent systematic review 3¢ noted elevated IL-
6 levels within <12 hours postoperatively in older adults but found no such association for
TNF-a. Another study focusing on older adults after hip fracture surgery, indicated that
glucocorticoid administration reduced levels of IL-6 and TNF-a. 37. Perioperative
administration of glucocorticoids, commonly used in orthopedic surgery, and non-steroidal
anti-inflammatory drugs (NSAID), frequently prescribed for osteoarthritis 3%, have been found
to suppress cytokines including IL-6 and TNF-a, 3. Aligning with these findings, updated
European guidelines on postoperative delirium advise against the use of biomarkers for
prediction or prevention of delirium in patients at-risk [30]. Nevertheless, it remains uncertain
whether this recommendation extends to delayed neurocognitive recovery, posing

implications of the design of future trials.

Tryptophan levels were consistently low in our patients, similar to findings in a study of
patients with cancer-related fatigue 4. Interestingly, mean tryptophan levels in other studies
were higher: 74.4 uM in patients with cancer-related fatigue 4! and 65 umol/L in bariatric
surgery patients 4>, Besides the serotonin pathway, tryptophan is catabolized in the kynurenine
pathway and plays a role in energy homeostasis. Changes in this pathway can be associated
with low grade inflammation 4! which is relevant to our patient group with osteoarthritis, a
chronic inflammatory condition. Postoperative fatigue, characterized by persistent weakness
or tiredness is frequently overlooked, and significantly impacts cognitive, behavioral and
physical functions, often delaying the resumptions of daily activities after surgery . We
found that two of the most frequently described symptoms in the qualitative data was lack of
energy and lethargy impacting the patient’s daily functioning after surgery, aligning with
previous research 4. However, we did not ask how their energy levels were before the
surgery. Lethargy and lack of energy may be interpreted as fatigue which is not traditionally a
component in neurocognitive tests even though it impacts cognitive functioning. Assessment
of postoperative fatigue can be a helpful element, in addition to neurocognitive assessments to
predict postoperative recovery. Furthermore, each meaning unit from the qualitative data may
not exclusively correspond to a singular cognitive domain but can in fact match to more than
one, such as subjective complaints about attention could match with memory. Previous
literature indicate attention, working memory, and executive control share substantial

similarities in their functional and structural neural correlates #°.
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Postoperative pain was well-controlled, as evidenced by the low pain scores. While some
patients described an improved sense of well-being after experiencing pain relief following
surgery, others expressed concerns about the future and the ability to function independently.
The different coping strategies which the patient employed to resume daily activities aligns
with earlier studies 44447, In our study, patients described low mood, dependency on others
and perceived loss of agency which impacted their daily functioning due to the surgery.
Earlier studies 4474 have found that psychological factors, specifically vulnerability factors
like depressive and anxiety symptoms affect postoperative recovery. These factors not only
manifest behaviourally through avoidance behaviours but also have cognitive implications *°.
Patients described how social support facilitated a smoother postoperative recovery process.
Social support is related to improved global cognitive function, executive functions and
memory °!. In our study, most patients resided with a spouse and received support in their
daily activities e.g., help with dressing, and cleaning. On the other hand, some patients
expressed a sense of powerlessness due to their reliance on others. For them, depending on
external support symbolized discomfort in seeking help. Therefore, clinical implications
should include assessing surgical patients for emotional stress, such as depression and
anxiety, as these factors are important predictors of postoperative recovery. Behavioural

therapeutic interventions can be effective in addressing these concerns 2.

The mean postoperative recovery score (SWQoR-24) was 40.9 on a group level, meaning they
had a higher postoperative symptom burden and low quality of recovery, whereas a score <21
on postoperative 14 , would indicate they had a good postoperative recovery >2. However, the
quality of recovery score in the referenced study pertains to a day surgery unit with a mix of
young and older patients, which may not be directly applicable to our group consisting of

older adults with comorbidities.

To our knowledge, this is the first mixed-methods study exploring delayed neurocognitive
recovery together with psychological factors after total hip arthroplasty. All participants
underwent qualitative interviews, blood tests, and neurocognitive tests, and our results present
detailed descriptions of postoperative neurocognitive and emotional recovery. We
acknowledge the limitations of this study. This include strict eligibility criteria which led to
the exclusion of many patients, and may have excluded frailer individuals, e.g., those with
nervous system diseases. Generalizability of our results is limited due to a small number of

participants, and the convenience sampling is also a limitation. Further, this study lacked a
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standardized delirium assessment while patients were at the hospital and a preoperative
depression screening. However, the SwWQoR-24 does include items assessing anxiety and
depressive symptoms. While we acknowledge the potential for bias with the same person
conducting both tests and interviews, efforts were made to minimize bias by standardizing the

test procedure and instructions provided to all participants.

Future direction should involve multidisciplinary teams that bridge specialty, primary, and
social care services. Long-term follow-ups should include objective neurocognitive
assessments, evaluations of fatigue, and measurements of instrumental daily activities.
Additionally, patients' subjective reports must be gathered in accordance with recommended

terminology !.

Conclusion

We found a disparity between subjective reports of neurocognitive recovery and performance-
based measurements. Only five patients were classified as having delayed neurocognitive
recovery, however many patients described changes in their daily functioning due to cognitive
and psychological symptoms. Our study highlights the complexity and breadth of
postoperative neurocognitive recovery which extends beyond psychometric testing and blood

samples.
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Table 1. Patient characteristics.

Sex
Men, n (%)
Women, n (%)
Age, years
Mean (SD)
Min-max

Level of education
Elementary school, n (%)
Upper secondary school, n (%)
Tertiary education, n (%)
Living situation
Lives with spouse or adult children, n (%)
Lives with spouse and has home care, n (%)
Lives alone, n (%)
Lives alone and has home care, n (%)
MMSE

Mean (SD)
ASA

I, n (%)

1L, n (%)

111, n (%)
Comorbidities

Heart disease (e.g., hypertension) n (%)

Vascular disease, n (%)

Lung disease, n (%)

Kidney disease, n (%)

Diabetes, n (%)

History of cancer, n (%)

Autoimmune disease, n (%)
Type of anesthesia

Spinal, n (%)

General, n (%)
Duration of surgery, minutes (SD)
Duration of anesthesia, minutes (SD)

Intraoperative bleeding, ml (SD)
Postoperative days at the hospital, mean (SD)
Preoperative pain, NRS, mean (SD)
Postoperative pain day 14, NRS mean (SD)
Preoperative tryptophan pmol/l mean (SD)
Postoperative tryptophan pmol/l day 13-16 mean
(SD)

QoR global score, day 13-16 mean (SD)
Postoperative opioid treatment, day 14

Yes, n (%)

No, n (%)

Abbreviations: MMSE= Mini Mental State Examination; ASA= American Association of anesthesiologists’
physical status classification system, NRS=Numeric rating scale, QoR=quality of recovery
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Total sample
(n=40)

19 (47.5)
21 (52.5)

73 (6.7)
60-87

11 (27.5)
13 (32.5)
16 (40)

29 (72.5)
1(2.5)
9(22.5)
1(2.5)

28 (1.4)

5(13)
18 (45)
17 (42)

24 (57)
9(21)
6 (14)
12)
5(12)
8 (19)
6 (14)

36 (90)
4 (10)

114.5 (32.4)
188.5 (36.5)

348 (148.9)
1.5 (0.6)
5.4(3.2)
2.1 2.1
43.8 (9.5)
41.9 (10).

40.9 (28.4)

17 (43)
23 (57)
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Table 2. Summary of the patients’ raw scores and completion times on the neurocognitive tests

VVLT total word count

VVLT delayed recall, total

word count

CST, time (s), part C

CST, number of errors, part

C

LDC, score

SCW, time (s), part 3

SCW, number of errors

Preoperative
measurement

Mean (SD)
Median
22.3 (5.0)
Med: 22.0
8.1(2.6)
Med: 8.0
38.8 (14.8)
Med: 33.1
1.4 (2.7)
Med: 0
27.4 (5.9)
Med: 28
51.4 (19.2)
Med: 47.5
0.6 (1)

Med: 0

Postoperative
measurement

Mean (SD)
Median

25.3(5.9)
Med: 25.5
9.1(3.2)
Med: 9.5
36.9 (13.5)
Med: 35.4
1.1(2.2)
Med: 0
27.9 (7)
Med: 30
50.3 (22.1)
Med: 43,8
0.9 (1,9)

Med: 0

p-value*

<0.05

<0.05

0.49

0.42

0.39

0.15

0.22

Abbreviations: VVLT=Visual Verbal Learning Test; CST=Concept Shifting Task; LDC=Letter Digit Coding
Test; SCW=Stroop Color Word Test

*Wilcoxon signed rank test.
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Table 3. Joint display presenting quantitative, qualitative and mixed-methods meta-inferences of domains.

Concept Shifting Task
(CST), n=10/40

Letter Digit Coding
Test (LDC), n=8/40

So, you learn a lot of tricks, you stand in a corner, brace yourself
against your back and stand on the leg you can put weight on.
Yeah, then you can play around with the coffee maker (P43).

Having a short fuse

So, I have a pretty short fuse, and I lose patience when things
don't go smoothly... like when I can't put on my pants and stuff,
so then I get angry. And then it might happen that a crutch ends
up in the wall or something (P31)

Not thorough as before and delaying action

I notice that's not like me. I am very thorough about everything.
But now, there are things everywhere, and, by the way, it's hard
to pick up. But I think, well, I'll do that later. But I haven't done
it yet (P08).

Motoric fatigue

I am tired, physically ... if I go out and walk, as I have tried to do
for the last three days...then I am quite tired afterwards...Yes,
it's time to lie down. And then I'm not really fit for fight ... 1
don’t have much energy for the rest of the day (P31)
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Attention

Memory
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Visual Verbal learning

test (VVLT), n=4/40

Doubting memory function

But, you know, it's just that you start to think that you're not sure
when you yourself stop noticing that you forget things (P05).

Family member pointing out memory decline

If T have experienced some memory loss, it's possible, it's
possible. Because our children said, 'Dad, you won't remember
this. It was like this' (PO1).

Feeling absent-minded

So right now, I can read and read and read, and still, I find
myself stuck on the same sentence, and then and then it's just as
good to leave it [...] Uhm, concentration, I can't concentrate
properly (P10).

o]
The test evaluated episodi@merRpry at a specific point in
time and demonstrated th@owé?[ number of patients
declining. The qualitativedata Sowed that patients
described attentional chaﬁies omer time, with only a few
acknowledging subjectivegnengry decline or expressing
family concerns about memory8&ecline. Feelings of
absent-mindedness and a cl'aF focus were identified as
factors influencing both tiei ory and decision-
making regarding the actii@s ey chose to engage in or
avoid.
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Wanting to manage things independently

Sometimes it’s my dear wife... I become more easily irritated,
perhaps. It has to do with her trying to be overly protective and
fetch everything for me, and I think to myself, "I can handle this
on my own," and then I get slightly annoyed at trivial things that
are not relevant (P03)

Being in a bad mood and dependant on others

And the thing about being dependent on other people and... you
don't want to bother people, even if they're your own sons, it
feels like 'God, how annoying I am." And then I get in a bad
mood (P19).

Feeling low

I feel a bit depressed because I can't do anything, and not fix
anything, not fetch anything, not pick up anything (P08)

Brighter outlook

I think maybe I was grumpier before the surgery than after,
because now it's done. And now, well, theoretically at least, it
can't get worse. Now it's just going to get better (P12)

While performance-basedﬁn?ﬁ@es focus solely on level of
cognitive functions, they Bl shwyt in capturing the affective
components. In the qualitﬁve ta psychological factors was
expanded upon, with pati&its athculating the impact of factors
such as the sense of agen%; featings of powerlessness stemming
from dependence on others; andsadjustments to new physical
limitations. These factors®ot oy shaped their overall well-being
but also significantly inflwnce@their relationships and daily
functioning. Conversely, g_few' tients shared a more optimistic
perspective on life, attributing i§mainly to the relief from previous
pain.
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Assessed for
eligibility
(n =165)

Inclusion (n = 46)

A/

\

Dropouts n=6
» Withdrawn participation (n=2)
 Postoperative complications (n=2)
 Surgery elsewhere (n=1)

Excluded n =119

 Declined participation (n=40)
* Nervous system disease (n=32)
e Antidepressant or tranquilizer

treatment (n=15)
» Recent surgery (n=12)
« Alcohol or drug misuse (n=8)
 Hearing or visual impairment (n=6)
* Research team not available (n=4)
¢ Non-fluency in Swedish (n=2)

* Research team not available (n=1)

Analyzed (n=40)

Figure 1: Flow chart of participans
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Patients” experiences of early
postoperative cognition and its relation
to cognitive decline and inflammatory
responses: a protocol for a mixed-

methods study

Ulrica Nilsson

ABSTRACT

Introduction In the early weeks after surgery, patients
may experience cognitive changes and impaired memory
and concentration—changes commonly referred to as
postoperative cognitive decline. It is often the patient and/
or a relative that initially detects a change in cognitive
capacity after surgery, typically when resuming daily
activities. We lack information about how patients
experience early postoperative cognition (delayed
neurocognitive recovery) and if these experiences can be
reflected in biochemical pattern of inflammatory signalling
molecules, cognitive function as well as on quality of
postoperative recovery.

Methods and analysis The study has a mixed-methods
design that is integration of qualitative and quantitative
data within a single investigation. Participants included
will be patients aged >60 years that are undergoing
major elective joint replacement surgery (n=40) and their
relative. Patient’s experience of his/her early cognition
will be captured by interviews on postoperative day
1316 during the follow-up visit. A relative will also be
interviewed on the same day or the day after. Cognitive
function will be measured preoperatively and on
postoperative day 13—16 using the International Study
Group of Postoperative Cognitive Dysfunction test battery.
Symptoms/discomfort will be measured preoperatively
and postoperatively (on postoperative day 1 and 2 and

at the follow-up visit day 13—16) by the Swedish version
of Quality of Recovery and by a visual analogue scale
assessing pain intensity. Biomarkers will also be collected
at the same time points. The findings from the interviews
will be sorted out depending on group stratification

(no delayed neurocognitive recovery and delayed
neurocognitive recovery). The qualitative and quantitative
findings will be compared to seek for similarities and
differences.

Ethics and dissemination The project has been
approved by the Swedish Ethical Review Authority
(2019-02968) and will follow the principles outlined in
the 1964 Helsinki Declaration and its later amendments.
Results from this study will be disseminated in peer-
reviewed journals, scientific conferences and in social
media.

,"? Karin Liander,? Olav Rooyackers,® Lars | Eriksson®*

Strengths and limitations of this study
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» A mixed-methods study comparing patients’ experi-
ences of early postoperative cognition with patterns
in biochemical pattern of inflammatory signalling
molecules, cognitive function assessed with validat-
ed neuropsychological tests as well as on quality of
postoperative recovery.

» Patients’ own experiences of early postoperative
cognition including their relative’s view have never
been reported earlier.

» This study includes a small sample of patients and is
conducted in Sweden, and may not be generalisable
to other contexts.

INTRODUCTION

Postoperative neurocognitive decline
(POCD, previously termed postoperative
cognitive dysfunction) is one of the the
most common complications after other-
wise uneventful surgery and affects multiple
cognitive domains such as memory, executive
functions, information processing speed and
attention'™ with subsequently impaired day-
to-day memory, language skills, attention and
learning compared with levels demonstrated
preoperatively.”  Postoperative  cognitive
decline is diagnosed up to 30 days postopera-
tively (delayed newrocognitive recovery)” and is a
subtler deterioration in cognition, as it is not
characterised by obvious clinical symptoms
such as a change in the level of conscious-
ness.® With advanced age as the primary risk
factor for neurocognitive decline,2 45810 1he
incidence of cognitive dysfunction in elderly
patients 1 week after surgery is approximately
25%**'and remains at 10% at 3months.* "
Intraoperative factors have been hypothesised
as playing a role in the occurrence of POCD.
Yet, choice of anaesthesia (general vs
regional) has not been found to influence
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development of POCD® ' ¥ as well as the choice of anaes-

thetic agent,'* depth of anaesthesia'® and intraoperative
hypotension.'®

While the mechanism behind postoperative neuro-
cognitive disorders are not fully uncovered, there is a
growing body of evidence that surgery-induced inflam-
mation spread systemically via blood-borne immune cells
and cytokines to the brain via a disrupted blood-brain
barrier, resulting a transient neuroinflammation with
impaired cognitive processing.17 ' It has been reported
an inflammatory response to surgical procedure has
significant involvement in the POCD development.'
This postoperative neuroinflammatory reaction can
be altered by multiple factors within the perioperative
period such as pain, sleep disturbances and prolonged
infection.’

Because clinical evaluation of the brain is not a routine
part of preoperative evaluation'’ and the discrete nature
of cognitive disorders, itis often the patient and/or a rela-
tive who in the first instance detects a change in cognitive
capacity after surgery, typically when resuming daily activ-
ities.” It has also been reported that elderly patients are
‘never the same’ after surgery.'” Evidence suggests that
neurocognitive decline can act as a precursor of signif-
icant functional impairment following surgery; patients
developing neurocognitive decline leave the labour
market early and are more dependent on social transfer
payments.20 Neurocognitive disorders are, furthermore,
associated with increased mortality”* and with prolonged
hospitalisation.4 Evered et al proclaim that perioperative
cognition has become largely a research area rather than
a clinical state meaning that subjective aspects are rarely
sought or reported as well as capacity for activities of daily
living is overlooked. Therefore, a subjective report from
the patient is an essential element of diagnosing a periop-
erative neurocognitive decline.”

Aim

The aim of present study is therefore to explore patients’
experiences of their early postoperative cognition after
major orthopaedic surgery in relation to postoperative
cognitive function assessed with validated neuropsy-
chological tests, inflammatory signalling molecules and
quality of postoperative recovery as well as to describe the
relative’s view of early postoperative cognition.

METHODS AND ANALYSIS

Study design

A mixed-methods study that is inductive concurrent
design where the core component is qualitative and the
supplemental component is quantitative with integration
of qualitative and quantitative data within a single inves-
tigation” ** will be undertaken to address the research

questions. Study recruitment started in October 2019 and
is planned to end in April 2020.

Participants
Patients
Participants included will be patients undergoing major
elective joint replacement surgery (n=40) at a univer-
sity hospital in Sweden. The sample size is based on
the mixed-methods study design and the incidence of
early cognitive decline at 1-2 weeks postoperatively of
17%-25%.* * However, unpublished research with new
reference values indicates that the incidence is underes-
timated, and instead up to 50% can suffer from POCD.
Exclusion criteria: a score on the Mini-Mental State
Examination (MMSE) at screening of <22 that is,
suspected dementia®!; <60 years of age; suffering from
a nervous system disease; taking tranquillisers or antide-
pressants; underwent a surgical procedure in the previous
6 months; inability to read and speak Swedish or suffering
from a severe visual or auditory disorder, alcoholism or
drug dependence.

Relatives

One close relative (spouse or children with age =18 years)
per patient will be asked to participate. Inclusion criteria
for the relatives included identifying themselves as being
a relative whom the patient included in the study and
being able to take part in an interview in Swedish. The
patient decides which relative should be asked. If the rela-
tive does not accept to be included, the patient will not be
excluded.

Recruitment

One of the researchers will, during their preoperative
anaesthesia consultation, provide oral and written infor-
mation about the study. The details of the study and its
potential benefits as well as risks will be explained thor-
oughly to the patient. If the patient agrees to participa-
tion in the study, they will undergo the MMSE screening.
Values >22 indicated that the patient is eligible to partic-
ipate (figure 1).

Qualitative data

Interviews

The patients and their relative will be interviewed sepa-
rately. The opening question to the patients is: “How do
you yourself experience the time after the operation compared
to before?” Opening question to the relative: “How would
you describe your relative regarding being as they used to be,
being themselves, before the operation compared to the time after
surgery”. Probing questions were asked such as “What do
you mean? and “How would you describe that?” The infor-
mants will be encouraged to speak freely about the expe-
rience. An interview guide will be used to ensure covering
issues such as cognition, memory loss, attention, mood
and daily activity.

Quantitative data

Cognitive testing

Cognitive function will be measured preoperatively and
on postoperative day 13-16 using the International Study
Group of Postoperative Cognitive Dysfunction (ISPOCD)

5. 4bi:10.1136/bmjopen-2019-032650

SN IS 4P DOYE YD 6 Ho2- dadorrrpdess 0T se paysignd 1say :uado CINg

(s3gv) inauadns 1uaweugjaesu3

BLAdod Aq pe1oslold 1senb Aq FRUZOIEH YSRLISIISY 16 Y o6 iR b [Lad IWLELRR, ISP RSRIM0 @ 93T

M e


http://bmjopen.bmj.com/
http://bmjopen.bmj.com/

oNOYTULT D WN =

Page 32 of 40

BMJ Open

2 weeks

preoperatively Op POD 1 POD 2 POD 13-16
Preoperative anaesthesia ||} SwQoR 1. SwQoR Follow-up visit
consultation D NRS 2. NRS 1. ISPOCD
1 Study information 3 Biomarkers 3. Biomarkers 2. SwQoR
2. MMSE 3 NRS

', 4 Biomarkers
) 5. Patient’s interview

3. Inclusion 6. Relative's interview
4. SwQoR
5. NRS
6. ISPOCD
7. Biomarkers
8. Ack relative to

participate

Figure 1 Overview of the research process. ISPOCD, International Study Group of Postoperative Cognitive Dysfunction;
MMSE, Mini-Mental State Examination; NRS, numerical rating scale; POD, postoperative day; SwQoR, Swedish version of

Quality of Recovery.

neuropsychological test battery. The ISPOCD battery
assesses cognitive performance using four different tests,
providing seven variables for analysis, including Visual
Verbal Learning Test, the Concept Shifting Test, the
Stroop Colour-Word Test, the Letter-Digit Coding Test®
and has been validated in the perioperative setting for
two decades.® The tests will be administered in the same
sequence at each test session by the same researcher
following a standardised instruction manual in order to
ensure as uniform a test situation as possible. The tests
will be carried out in quiet rooms and only the patient
and a researcher (KL) will be present.

Blood-borne biomarkers

Inflammatory signalling molecules such as C reactive
protein, interleukin I-beta, interleukin-6, interleukin-10,
High Mobility Group Box 1 (HMGB-1) and fractalkine
will be measured preoperatively and postoperatively.
Venous blood samples (20 mL whole blood) will be drawn
from an intravenous cannula. Blood will be centrifuged
and plasma stored at —80°C until further analysed.

Quality of recovery

The patients’ quality of recovery will be measured by the
Swedish version of Quality of Recovery (SwQoR), which
measures 24 different items related to symptoms/discom-
fort that appear postoperatively, such as pain, anxiety,
sleep difficulties, dizziness, fatigue, returning to work or
usual home activities. The items are rated on 11-point
numerical scales ranging from 0, ‘none of the time’, to
10, ‘all of the time’. Reliability and validity tests have
provided evidence that it is appropriate to use SwQoR in
patients undergoing surgery.(‘

Pain intensity

Pain intensity will be measured using a numerical rating
scale (NRS) from O=nopain to 10=maximum possible
pain. The NRS has been tested for reliability and validity
in a Swedish population.*®

Nilsson U, et al. BMJ Open 2019; 60 . dor10. }656-

Demographic and perioperative data

These include: age, sex, MMSE score, comorbidities,
American Society of Anaesthesiologists classification,
aesthetic technique and duration, duration of the proce-
dure, blood loss (mL), blood transfusion (mL), use of
analgesics during hospitalisation and at home until the
follow-up visit, postoperative complications and length of
stay.

Procedure

Preoperative data collection

If the patient chooses to participate in the study, they
will undergo the cognitive test preoperatively. The test
will be performed in an undisturbed room where only
the patient and researchers will be present. The tests are
expected to take about 20min. Blood-borne biomarkers
will be collected and SwQoR and pain intensity questions
will be measured after the cognitive testing is completed
(table 1 and figure 1). The day and time of day for preop-
erative data collection will be documented.

Postoperative data collection

The cognitive test and the interview with the patients will
take place on postoperative day 13—-16 during the patient’s
follow-up visit. After the cognitive test is completed,
SwQoR and biomarkers will be measured. The patient’s
relatives will be interviewed separately on the same day or
the day after and by the same researcher (KL). All cogni-
tive tests will be performed by one of the researchers
from the research group (KL), with education and expe-
rience of performing the test. SWQoR, pain intensity and
blood-borne biomarkers will be measured postoperative
day 1-3, the same time of day #+2hours and on day 13—
16 during patient’s follow-up visit. The day and time of
day for sampling biomarkers at the follow-up visit will be
documented. A research nurse at the Clinical Research
Unit at the University Hospital will collect all biomarkers
(table 1 and figure 1).
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Table 1 Outcome measures

Outcome Preoperative POD 1 POD 2 POD 13-16
Cognitive test ISPOCD battery X X
Neuroinflammatory reaction Blood-borne biomarkers X X X X
Postoperative recovery Swedish version of X X X X

Quality of Recovery

questionnaire
Pain intensity Numerical rating scale X X X X
Experiences of Interviews with patients X

postoperative cognition and relatives

ISPOCD, the International Study Group of Postoperative Cognitive Dysfunction; POD, postoperative day.

Data analysis

Qualitative data analysis

All interviews will be transcribed verbatim and analysed
in line with an inductive thematic analysis.27 In the first
step, all interviews will be read through, patients and rela-
tives separately, and expressions concerning the experi-
enced postoperative cognitive decline will be marked.
At the same time, initial reflections on the data will be
noted. In the second step, the marked expressions will
be coded into a condensed, semantic description of the
experiences expressed. Third, themes will be identified,
based on sorting the codes and initial reflections. In this
step, relations between and levels of the themes will also
be mapped. In step four, a review of the themes will be
conducted, in which all codes included in a theme are
considered, following which the whole analysis is consid-
ered in relation to the initial reflections and original texts.
Thereafter, all themes and subthemes will be named. The
findings from patients and relatives will be presented
separately as well as being compared to seek for similar-
ities and differences, and will be highlighted. Also, indi-
vidual similarities and differences within the couples will
be presented. The data analysis will be blinded to the
findings from the biomarkers, cognitive tests, SWQoR and
pain in order to not be influenced. The analysis will be
performed in Swedish and thereafter be translated into
English.

Quantitative data analysis

Changes in cognitive performance will be calculated for
each of seven test variables and corrected for practice
effects and variability using data from a historical age-
matched control group that has undergone testing using
the same battery and with the same intervals.” To quantify
the change from preoperative test to the postoperative
tests scores, separate and composite z-scores will be calcu-
lated on the basis of the seven cognitive test results and
compared using Mann-Whitney U rank sum test.

To analyse differences in biomarkers within patients
and between patients, X2 or Student’s t-test will be used. To
analyse differences within patients and between patients
in cognitive performance and postoperative recovery,
Mann-Whitney U rank sum tests will be used. For statistical

analyses, IBM SPSS statistics V.24 for Windows will be used
(IBM, Armonk, New York, USA). A p value of <0.05will
be considered to be statistically significant in all analyses.

Descriptive statistics of demographic and periopera-
tive data will be presented by number, percentage and
mean (SD) or min-max, as appropriate. Depending on
the results from the cognitive tests and biomarkers, the
patients will be stratified on the basis of their postoper-
ative composite cognitive z-score result into two groups:
no delayed neurocognitive recovery corresponding to a
composite z-score <l or delayed neurocognitive recovery
with composite z-score >1.0.” Patient characteristics will be
compared, between these two groups, using Fisher’s exact
test for categorical outcomes and t-tests or the Wilcoxon
rank-sum test for continuous variables, as appropriate. A
difference will be considered if any of these characteris-
tics between the two groups has a p value of <0.05.

The analytical point of integration

The qualitative and quantitative findings will be brought
together to look for similarities, that is, whether the qual-
itative and the quantitative findings yield convergent
results (triangulation) or if they are diverged. Thereafter,
the findings from the interviews, both patients and rela-
tives, will be sorted out depending on group stratification
(no delayed neurocognitive recovery or delayed neuro-
cognitive recovery). The qualitative and quantitative find-
ings will then be compared to seek for similarities and
differences. All patients will be included in the mixed
data analysis even though they have an improvement in
z-score, SWQoR or biomarkers.

Dissemination

The study results will be disseminated through peer-
reviewed publications and conference presentations to
the scientific community and social media.

Patient and public involvement

Patients were not involved in the design of the study and
will not be involved in the recruitment of participants.
The results of the project will be disseminated through
scientific papers.

5. 4bi:10.1136/bmjopen-2019-032650

SN IS 1P DOYE YD 6 To2- dadorurppeks 0T se paysiqnd 1say :uado CINg

(s3gv) inauadns 1ueweugj€)su5

BLAdod Aq pe1oslold 1senb Aq FRUZOIEH YSRLISIISY 10 Y oB iR b [Lad IuLELRR, ISP RSRIM0 @ 93T

M e


http://bmjopen.bmj.com/
http://bmjopen.bmj.com/

oNOYTULT D WN =

DISCUSSION

Knowledge can be obtained both by understanding and
explaining a phenomenon of interest, which is the reason
why a mixed-methods design including both qualitative
and quantitative data will be used. By merging qualitative
and quantitative data, we will look for confirmation, expan-
sion and discordance in the different datasets. Confirma-
tion occurs when the data confirm each other, that is, that
the results from the qualitative and quantitative analyses
confirm the results in the respective outcome. The data
can also expand, that is, when the outcomes diverge and
expand or complement the results from the qualitative
and quantitative findings. Discordance occurs when the
results from the different data conflict, or disagree, with
each other.”’ # When results from the quantitative and
qualitative study do not match completely, this enhances
the robustness of the study by illustrating the complexity
of the problem studied.” In this study, the quantitative
data include both objective (biomarkers and cognitive
testing) and subjective (SwQoR and postoperative pain)
outcomes and the qualitative data include both the
patient’s and the relative’s view.

POCD is a major neurological adverse outcome
following major surgery5 029 with age as one of the major
risk factors.” * Cognitive assessment in order to capture
POCD is not a routine part of clinical practice, and nor
do we have any evidence for patients’ and their relatives’
own experience of suffering from POCD and whether
there is a relation between objective and subjective
outcomes of it. The knowledge from the present project
as well as earlier evidence from studies assessing POCD
will create a base in developing a gamified version of the
traditional pen-and-paper cognitive assessment tools, in
order to start assessing POCD in an easy and secure way
in clinical practice. Until this is done, the results from
the present project will generate evidence for clinical
practice to detect patients with POCD by identifying signs
and symptoms that patients and their relatives themselves
describe when suffering from POCD.

ETHICAL CONSIDERATIONS

It is recognised that the study protocol involves cogni-
tive tests that may display pre-existing and previously
unknown cognitive impairment.”’ Detailed informa-
tion about the extent and duration of cognitive tests,
including possible outcomes, will be carefully explained
and the patient and the relative can refuse to participate
on the basis of this information. In addition, participants
will be informed that the study is voluntary and that the
data would be treated with confidentiality. They will also
be informed that they can terminate their participation
at any time. Written informed consent will be obtained
from the participants after they have received written
and verbal information about the study, including the
purpose and procedures, the voluntariness of participa-
tion and the option to withdraw at any time. They will also
be guaranteed confidentiality and secure data storage.
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We will follow good clinical practice in the conduct of
clinical trials.

The study follows the recommendations of the World
Medical Association General Assembly that include prin-
ciples considering the prospective registration and the
public disclosure of study results to be ethical obligations,
as follows: ‘Every research study involving human subjects must
be registered in a publicly accessible database before recruitment
of the first subject’ and ‘Negative and inconclusive as well as
positive results should be published or otherwise made publicly
available’. All researchers will follow the Uniform Require-
ments for Manuscripts.”'
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Supplementary material

1. Procedure of content analysis

Categories  Subcategories Codes

Quotes

Executive Functions | Problem-solving Performance awareness

Emotional regulation Feeling grumpy and snapping

Having a short fuse

Energization
Avoiding initiatives and
others
Not thorough as before and
delaying action

Fatigue

Mental fatigue

Motoric fatigue

And I have learned to walk, so that it
works. But it was an effort I didn't
think I would have to make. But it
was the first time in these 50 years
that I feel strained (PO1)

So you learn a lot of tricks. You
position yourself in a corner.
Leverage against the back, and then
you stand on the leg you're allowed
to put weight on. Yes, and then you
manage some things with the coffee
maker (P43)

I've been a bit grumpy, I guess. I don't
need to hide that. But no one has
taken offense. I've tried to be kind
and nice, but sometimes you just snap
a bit (P10).

So, I have a pretty short fuse, and I
lose patience when things don't go
smoothly... like when I can't put on
my pants and stuff, so then I get
angry. And then it might happen that
a crutch ends up in the wall or
something (P31)

Yeah, I’ve mostly been lying in bed.
That's what I've done. And I've been
served food and everything, I haven't
had to do anything. I have my
grandchildren living with me, so he
has helped a lot (P06).

I notice that's not like me. I am very
thorough about everything. But now,
there are things everywhere, and, by
the way, it's hard to pick up. But I
think, well, I'll do that later. But I
haven't done it yet (P08).

But administrative tasks are no
problem, but sitting down to write
assignments, I don't have the
concentration for that. I get too tired
(P31).
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Attention and | Subjective memory
memory | decline

Family concern of
memory decline

Sustained attention

BMJ Open

Doubting memory function

Memory decline

Family member pointing out
memory decline

Losing the thread

Feeling absent-minded

The only thing I've managed is to go
to the bathroom and take care of my
needs and... yes, brush my teeth and
things like that. // I can handle such
tasks, but nothing else. I don’t have
the energy for it, I’m too tired. //
couldn't even dress myself at first.
My husband had to help me get
dressed, you know (P06).

I am tired, physically ... if I go out
and walk, as I have tried to do for
the last three days...then I am quite
tired afterwards...Yes, it's time to lie
down. And then I'm not really fit for
fight ... I'm don’t have much energy
for the rest of the day. (P31)

But, you know, it's just that you start
to think that you're not sure when you
yourself stop noticing that you forget
things (P0S).

Yes, I feel like I've had a really poor
memory for a long time now.
Because I've been anxious about the
surgery, and that affects
concentration a bit. And I haven't
been feeling very well before either
(PO7).

If I have experienced some memory
loss, it's possible, it's possible.
Because our children said, 'Dad, you
won't remember this. It was like this'
(PO1).

Now it can be distracting around as
well, I mean you can... What should
I'say? You lose the thread. If we
have a study that we have read, a
large section, so... /Now I haven't
had the energy to participate and
haven't had the energy to read up. I
can't go through everything now, no.
I don't do that (P06).

So right now, I can read and read
and read, and still, I find myself
stuck on the same sentence, and then
and then it's just as good to leave it//
Uhm, concentration, I can't
concentrate properly (P10).

Today, I showered with the hearing
aids on. It wasn't good (P01).
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Lack of focus
Psychological | Sense of agency Lack of agency
factors
Wanting to manage things
independently
Powerlessness Being dependant on others
Physical limitations Feeling low
Future perspectives Brighter outlook

These last few days, I have found it
challenging. I have these magazines
that I subscribe to, that I receive. So I
haven't had the energy to read them
properly. I haven't been able to focus
on it (P39).

But it's connected to the fact that I'm
the kind of person who has a need
for control, too, so that... And you
don't have that when you surrender
yourself to healthcare. (P05)

Sometimes it’s my dear wife...
become more easily irritated,
perhaps. It has to do with her trying
to be overly protective and fetch
everything for me, and I think to
myself, "I can handle this on my
own," and then I get slightly
annoyed at trivial things that are not
relevant (P03)

...To 110%. I don't want to be
dependent. Absolutely. //... Yes, |
become disheartened and a little
angry, and... What should I say? //...
Just this being dependent, it's... Yes,
I want to do everything myself if [
may say so. Control my day, or
control and manage and so on (P08)

And the thing about being dependent
on other people and... you don't want
to bother people, even if they're your
own sons, it feels like 'God, how
annoying [ am.' And then I getin a
bad mood (P19).

I feel a bit depressed because I can't
do anything, and not fix anything,
not fetch anything, not pick up
anything (P0S8)

I have a different way, a different
temperament. I don't recognize
myself. I am sometimes sad, and
that's not something I used to be
(P46).
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I feel much more positive now than
right after the surgery, as I sense that
the pain is heading in the right
direction, and the mobility in the
operated leg also feels much better,
in that way. So, I feel that I am
regaining a bit more zest for life
compared to before the surgery
(P03).

I think maybe I was grumpier before
the surgery than after, because now
it's done. And now, well,
theoretically at least, it can't get
worse. Now it's just going to get
better (P12)
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Supplementary material 2
Interview guide

Open question to patients, encouraging them to speak freely about their experiences regarding

memory, concentration, and recovery after hip replacement surgery.

How do you perceive yourself from the time you were cared for in the recovery ward
until now?

How would you describe yourself since you underwent your hip replacement surgery?

Do you recognize yourself after your hip replacement surgery? In what way? Please
describe what you mean.

How is your memory after the surgery compared to before? When and how did you
notice any changes? Can you provide an example?

Do you experience any changes in your concentration and attention? Can you
elaborate on what you mean? Would you like to give an example or describe a

situation?

Have you experienced or do you experience changes in your mood after the surgery?
Feel free to elaborate on your answer.

Can you describe your sleep before and after the surgery? If it has changed, what do
you think it might be due to? In what way is your sleep changed?

Do you feel completely restored to your usual self, regarding your cognitive abilities
after your surgery? If not, describe freely in what way and how. Can you describe the

process?

How do you perceive your ability to initiate your daily activities? Can you provide
examples and describe it?

How are your energy levels?
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