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Abbreviations used in the Thesis 
 

Avg average 

Dx dextra 

EtCO2 end-tidal carbon dioxide 

FiO2 fraction of inspired oxygen 

Hb haemoglobin 

Hct haematocrit 

LE laminectomy 

MAC minimal alveolar concentration 

MAP mean systemic arterial pressure 

Max maximum 

MDE microdiscectomy 

mmHg millimetre of mercury 

MoCA Montreal Cognitive Assessment Score 

NIRS near-infrared spectroscopy 

O2 oxygen molecule 

PaO2 partial pressure of oxygen in arterial blood 

PEEP positive end expiratory pressure 

PND perioperative cognitive disorder 

POCD postoperative cognitive disfunction 

rScO2 regional cerebral oxygen saturation 

SaO2 arterial oxygen saturation of haemoglobin 

SD standard deviation 

Sin sinistra 

Spin Tu spinal tumour 

SpO2 peripheral oxygen saturation 
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SPSS Statistical Package for the Social Sciences 

TPF transpedicular fixation 

WHO World Health Organisation 
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Introduction 
 

Spinal surgery covers a wide range of operations on the spinal column 

and the underlying tissues and vary from uncomplicated microdiscectomy to 

surgery of life-threatening spinal fusions and spinal tumours, occasionally with 

long operation time and large blood loss. It also has been shown over the years 

that the number of spine surgeries has grown remarkably (Grotle, 2019). At the 

same time, operating techniques have progressed notably. Minimally invasive 

procedures with small incisions and a minimum of blood loss are performed, 

allowing patients to return to their daily activities sooner (Momin, 2020). The 

operating technique is not the only factor that determines postoperative outcome 

of the patients, anaesthesia-related factors also should be considered.  

Spinal surgery patients are at risk of multiple postoperative complications 

that may be of neurological origin, such as radicular pain, motor weakness, or 

surgery-related infections, wound rupture, haematoma, or others (Willhuber, 

2019). Several postoperative complications can also be associated with prone 

positioning, which is used for the majority of spinal surgeries. Prone positioning 

provides the best surgical conditions regarding visualization of the field. At the 

same time, prone positioning can promote various physiological changes, such 

as increased intra-abdominal and thoracic pressures potentially causing multiple 

organ failure and respiratory changes, postoperative visual loss (Kwee, 2015), 

motor weakness due to anterior spinal artery hypoperfusion (Bebawy, 2015). 

Respiratory changes and reduced venous return, causing reduced cardiac output, 

and not less importantly, intraoperative rotation of the head to the left or right, 

and/or flexion or extension of the neck, can promote cerebral hypoperfusion and 

deteriorate delivery of oxygen and substrates to the brain. There are studies 

showing that elderly patients undergoing spine surgery in the prone position 

experience cerebral desaturation more than twice as likely as patients in the 

supine position (Deiner, 2014).  
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As the organ most in need of a constant oxygen supply, because of a high 

metabolic activity, the brain consumes approximately 20 % of the oxygen 

delivered to the body (Rink, 2011). Due to its dependence on autoregulated blood 

flow with continuous oxygen delivery, hypoxic brain damage can be initiated 

after only 5 minutes of ischemia (Bebawy, 2015) leading to severe consequences.  

Postoperative cognitive dysfunction or decline (POCD) following non-

cardiac surgery, affects a number of patients of all ages (Monk, 2008). New-

onset cognitive disturbances following a surgical intervention may not only alter 

postoperative patient recovery (Denault, 2014), but may also result in long-term 

consequences (Steinmetz, 2009). The exact aetiology of POCD remains unclear. 

Its pathogenesis is multifactorial, including age, pre-existing comorbidities 

(cardiac, cerebrovascular), alcohol abuse, and intra- and postoperative 

complications. While several studies claim that POCD is transient (Abildstrom, 

2000), others show significant cognitive impairment even 6 and 8 years after 

surgery (Selnes, 2008) (Steinmetz, 2009) and even death (McDonagh, 2010).  

Despite advances in technology and improved patient safety, the brain 

remains one of the least monitored organs during surgery. Several methods are 

available to assess various products of brain metabolism or physiological 

functions. Jugular bulb cannulation and jugular venous oximetry provide insight 

into cerebral blood flow and the oxygenation status of the brain. A Clark 

electrode, inserted directly into the brain parenchyma, shows the oxygenation 

status of brain tissue. A cerebral microdialysis catheter inserted at the site of 

injury can measure various biochemical markers, such as glucose, lactate, 

pyruvate, glutamate, aspartate and potassium (Mahajan, 2013). Unfortunately, 

all of these methods are highly invasive, which is restricting their use in clinical 

practice.  
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Near-infrared spectroscopy (NIRS) has been a well-known technology in 

medicine since 1977. Jobsis then introduced NIRS for tissue oxygen monitoring 

(Jobsis, 1977). Cerebral oximeters are non-invasive devices that can be used 

from the beginning of cardiac surgery or for monitoring traumatic brain injury 

(Davies, 2015), as well as during abdominal, orthopaedic, urological, 

gynaecological or thoracic surgical procedures (Nielsen, 2014). Nowadays, 

NIRS devices, such as cerebral oximeters, are widely used to monitor continuous 

cerebral oxygen saturation (rScO2) in real time and are widely used to predict 

brain outcome after cardiac arrest and even to monitor the brain during 

reanimation (Cournoyer, 2016).  

A NIRS-based algorithm is available (Denault, 2014) to help clinicians 

guide the intraoperative management of patients in cases when cerebral oxygen 

saturation decreases and active management is required to restore adequate levels 

and avoid cerebral hypoxia. 

 

Aim of the Thesis 

The goal of this Thesis was to evaluate cerebral oxygen saturation in 

patients undergoing spinal neurosurgery in the prone position using Near-

infrared spectroscopy in conjunction with a NIRS-based clinical algorithm, with 

a further aim of assessing a possible relationship between cerebral oxygenation 

and a postoperative cognitive decline. 

 

Objectives of the Thesis  

1. To determine whether patients undergoing spinal neurosurgery in 

the prone position experience cerebral desaturation.  

  



 

10 

2. To evaluate pre- and postoperative cognitive function in patients, 

who underwent monitoring of regional cerebral oxygen saturation 

by means of Near-infrared spectroscopy during spinal neurosurgery 

in the prone position. 

3. To determine the value of the NIRS-based clinical algorithm in 

patients with cerebral desaturation in terms of restoring adequate 

rScO2 values and postoperative cognitive function.  

4. To evaluate the correlation and association of age, haemoglobin, 

haematocrit, length of surgery, intraoperative blood loss, 

preoperative and intraoperative systemic MAP, intraoperative end-

tidal carbon dioxide, peripheral oxygen saturation and preoperative 

cognitive function with intraoperative rScO2 values. 

5. To identify, whether intraoperative rScO2 values correlate with 

postoperative cognitive function.  

6. To evaluate the usefulness of cerebral oxygen monitoring and 

a NIRS-based clinical algorithm during spinal surgery with the aim 

of preventing postoperative cognitive decline.  

 

Hypotheses of the Thesis 

Providing adequate cerebral oxygen saturation during spinal neurosurgery 

in the prone position is essential for avoiding postoperative cognitive decline.  

 

Novelty of the Thesis 

A significant number of patients suffer from postoperative cognitive 

disturbances that impair recovery and return to their daily activities. Apparently, 

postoperative cognitive decline remains unrecognised unless cognitive 

monitoring function tools are applied.  
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Patient safety is one of the most important goals in clinical practice. 

However, the brain remains one of the least monitored organs intraoperatively.  

We have attempted to implement two factors that may improve 

intraoperative patient safety and avoid postoperative cognitive complications. 

The first factor is the use of intraoperative cerebral oximetry, which is a non-

invasive and easy-to-use method. The second is a tool to assess the patient’s 

cognitive status using the Montreal Cognitive Assessment Score (MOCA). Our 

study is one of the few to use cerebral oximetry intraoperatively in spinal surgery 

patients, and the first to use the MOCA score to assess cognitive function in 

spinal surgery patients.  
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1 Materials and Methods 
 

This study was designed as a prospective randomised controlled trial of 

patients undergoing spinal surgery. Patients were collected between September 

2018 and July 2020 in the Clinic of Neurology and Neurosurgery of Riga East 

Clinical University Hospital “Gaiļezers”. Inclusion criteria were patients aged 

over 18 years, patients scheduled for spinal surgery performed in the prone 

position. Exclusion criteria were emergency spinal surgery, patients with known 

cerebrovascular or psychiatric disease, previous history of stroke, inability to 

undergo preoperative or postoperative cognitive evaluation (severe pre-or 

postoperative pain, intake of strong opioid pain medication, intake of sedative 

medication). 

The Research Ethics Committee and Ethics Committee of Rīga Stradiņš 

University approved the study protocol and the informed consent form (Approval  

No. 6-2/11/59; No.   85/29.12.2016) (see Annex 1). 

The preoperative physical status of the patients was evaluated, blood tests 

were taken from all patients to obtain haemoglobin (Hb) and haematocrit (Hct) 

concentrations.  

Patients were randomised into a study group and a control group by using 

a computerised randomization program. 

 

1.1 Anaesthesia and intraoperative patient monitoring 
 

All the patients received general anaesthesia. We induced anaesthesia 

with fentanyl 0.1–0.2 mg, propofol 1–2 mg/kg and cisatracurium 0.2 mg/kg or 

atracurium 0.3–0.6 mg/kg for endotracheal intubation. Anaesthesia was 

maintained with a continuous infusion of fentanyl 0.03–0.06 μg/kg/min, and / or 

fentanyl boluses 0.05–0.1 mg if heart rate or non-invasive blood pressure raised 

above 20 % from preoperative values. Cisatracurium continuous infusion  
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0.06–0.1 mg/kg/h or boluses 0.03–0.2 mg/kg or atracurium continuous infusion 

0.3–0.6 mg/kg/h or boluses 0.1–0.2 mg/kg were used when the patient displayed 

signs of spontaneous breathing. Sevoflurane was kept at minimum alveolar 

concentration (MAC) 0.6–0.8. Initial tidal volume for mechanical ventilation 

was set to 7–8 mL/kg. Positive end expiratory pressure (PEEP) of 4–6 cmH2O 

was used and the fraction of inspired oxygen (FiO2) was 0.5. Ventilation was 

adjusted to keep end-tidal carbon dioxide (EtCO2) in the range of 35 to 

45 mmHg. 

Intraoperative variables such as non-invasive mean arterial pressure 

(MAP) was determined every 5 min. The first MAP values (2 to 3 measurements) 

measured before induction of anaesthesia, were fixed as preoperative values in 

the study protocol. Peripheral oxygen saturation (SpO2) and end-tidal carbon 

dioxide (EtCO2) were documented in the study protocol every 5 min. At the end 

of the surgery, we recorded the duration of operation and intraoperative blood 

loss. All the patients were extubated in the operating room. 

 

1.2 Intraoperative cerebral oxygen saturation 

measurements 
 

In all patients, regional cerebral oxygen saturation was continuously 

monitored using a near-infrared spectroscopy device (NIRS) INVOS (In Vivo 

Optical Spectroscopy) 4100 (Covidien, Minneapolis, USA).  

After arriving in the operating room before induction of anaesthesia, 

breathing room air without additional oxygen, two adhesive INVOS rScO2 

sensors were placed on the patients’ forehead, one above the right (Dx) and one 

above the left (Sin) eyebrow. Sensors were connected to the INVOS cerebral 

oximeter monitor. The preoperative rScO2 values were observed 3–5 minutes 

with patient breathing room air, at the time-point where they did not change 

anymore and stayed stable, they were fixed in the study protocol and set as 
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baseline rScO2 values. By establishing baseline rScO2 values, INVOS further 

tracked the changes in rScO2 values for the left (Sin) and the right side (Dx), 

respectively, showing the raise or drop from baseline rScO2 values in percentage. 

Then, regional cerebral oxygen saturation values were registered in the study 

protocol every 5 minutes as single point measurements.  

All the measurements noted in the study protocol, were described as 

follows: PreOp (Preoperative) values – fixed after the patient had arrived in the 

operating room, before induction of anaesthesia; Sup (Supine) values – fixed at 

the time and after the induction of anaesthesia when the patient was still lying 

supine; Prone values – fixed when the patient was lying in the prone position; 

Sup2 (Supine) values – fixed at the end of the surgery when the patient was 

turned back to the supine position.  

 

1.3 NIRS-based intervention algorithm 
 

In the study group intraoperative rScO2 values were kept within a range 

of 20 % from baseline, or above an absolute rScO2 value of 50 %. As soon as 

the rScO2 values dropped bilaterally or unilaterally below 20 % from baseline, 

or below an absolute value of 50 %, the NIRS algorithm was started (Denault, 

2014) (see Annex 2). Based on this algorithm, steps are taken in the following 

order: 1) the position of the head is verified (rotation of the head to the left or 

right, and / or flexion or extension of the neck are excluded), to rule out 

mechanical obstruction that could alter cerebral blood and oxygen supply; 

2) MAP is increased to maintain cerebral perfusion pressure; 3) systemic 

oxygenation status is improved if arterial oxygen saturation (SaO2) is low; 

4) partial pressure of carbon dioxide (PaO2) is normalised if hypocapnia or 

hypercapnia is identified; 5) haemoglobin is optimised (according to the 

algorithm, Hb less than 7–8 g/dL requires red blood cell transfusion); 6) cardiac 

function is evaluated if the previous steps failed; as a last step, 7) cerebral oxygen 
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consumption should be estimated (convulsions, hyperthermia) (Denault, 2014). 

Since the algorithm was created for cardiac surgery patients, it also included 

a step in which central aortic and superior vena cava catheters were inspected. 

Our algorithm was adapted for use in spinal surgery patients. If rScO2 values did 

not raise above the threshold values after the two first steps, an arterial blood gas 

sample would be taken to evaluate SaO2, PaCO2 or Hb level. 

Control group patients received standard intraoperative anaesthetic 

management, rScO2 was monitored blindly, and the investigator was kept 

unaware about the NIRS results. If MAP dropped below 65 mmHg (Van Diepen, 

2017), excessive bleeding was excluded and when indicated, Ephedrine boluses 

were administered. If SpO2 dropped under 94 %, inspired oxygen concentration 

was raised above 50 % (Kane, 2013). If haemorrhage of more than 500 ml 

occurred, arterial blood gas analyses was performed to detect Hb levels and to 

evaluate the necessity for a blood transfusion. A haemoglobin concentration 

below 7 to 8 g/dL during haemorrhage was considered a trigger for transfusion 

(Kozek-Langenecker, 2017).  

In the control group, if the rScO2 value dropped by more than 30 % from 

the individual baseline values, the INVOS system was set to give an alarm, and 

after all the necessary actions had been taken to restore cerebral oxygenation, the 

patient was excluded from the study. 

 

1.4 Cognitive evaluation 
 

To evaluate patient cognitive status, we used Montreal Cognitive 

Assessment (MoCA) test. The test was used in both groups. The first test was 

performed in the ward during the preoperative visit, 1 to 2 days before surgery. 

The second test was performed two days after the surgery to avoid any interaction 

of the intraoperative anaesthetic or acute postoperative pain with the performance 

of the test. The MoCA test evaluates the following parameters: attention, 
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concentration, executive functions, memory, language, visuo-constructional 

skills, conceptual thinking, calculation and orientation (MoCA Montreal 

Cognitive Assessment) (see Annex 3). The MoCA test has been validated in 

several languages, including Latvian and Russian since these tests have to be 

performed in the patient’s native language. The test takes approximately  

10–15 min to complete. The MoCA test scores range from 0 to 30 points. 

Postoperative cognitive decline was defined as a reduction in postoperative 

MoCA test scores compared to preoperative MoCA scores. The MoCA test was 

performed by one person to ensure that the test was performed in the same 

manner.  
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2 Statistical Analysis 
 

Statistical analysis was performed using the Statistical Package for the 

Social Sciences (SPSS) V.23. Data distribution was tested using 

the Kolmogorov-Smirnov test. Groups were compared using the t-test for 

parametric data and the Mann-Whitney test for non-parametric data. Values were 

presented as the mean ± standard deviation (SD).  

Statistical significance was assumed at p < 0.05. The Kruskal-Wallis test 

was performed to determine the p value between three or four patient groups. 

Repeated measurements during different phases of a surgery were 

analysed using repeated measures ANOVA (and Huynh-Feldt correction if the 

sphericity assumption was violated) in JASP Version 0.11.1. 

Spearman’s rank correlation coefficient and significance was used to 

describe correlations between variables. A positive correlation means that as one 

variable is increasing, the other variable is also increasing. A negative correlation 

coefficient means that as the value of one variable is going up, the value for the 

other is decreasing. The Spearman’s rho correlation coefficient  = 1 shows the 

perfect correlation;  = 0.02 – a very low correlation;  = 0.2–0.4 – a low 

correlation that may warrant further investigation;  = 0.4–0.6 – a reasonable 

correlation;  = 0.6–0.8 – a high correlation; and  = 0.8–1.0 – a very high 

correlation. 
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3 Results  
 

In the present study, a total of 64 adult neurosurgical patients were 

included – 37 (57.8 %) women and 27 (42.2 %) men, aged 55  15 (mean  SD) 

years. Forty-two patients belonged to the study group (21 (50 %) women and 21 

(50 %) men; mean age 56  13 years), and 22 patients belonged to the control 

group patients (16 (72.7 %) women and 6 (27.3 %) men; mean age 53  17 

years), p = 0.7 (Table 3.1).  

 

Table 3.1 

Per cent patient distribution by age groups – in study group, control group 

and in all study patients together  

Age 
Study group Control group Total 

n % n % n % 

18–30 0 0 4 18 4 6 

31–40 4 10 2 9 6 9 

41–50 10 24 3 14 13 20 

51–60 15 36 2 9 17 27 

61–70 6 14 9 41 15 23 

71–80 5 12 2 9 7 11 

81–90 2 5 0 0 2 3 

91–100 0 0 0 0 0 0 

* n – number of patients 

 

One patient of the control group patient was excluded from the study 

because the regional cerebral oxygen saturation values dropped by more than 

30 % from the patient’s individual baseline values and the INVOS device alarm 

was activated, which initiated the necessary actions to restore cerebral 

oxygenation. 
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3.1 Type of surgery 
 

Patients underwent the following spinal surgeries in the prone position: 

6 patients (9.4 %) had laminectomy (LE), 28 patients (43.8 %) had minimal 

invasive microdiscectomy (MDE), 12 patients (18.8 %) had spinal tumour 

evacuation (Spin Tu) and 18 patients (28.1 %) underwent transpedicular spinal 

fixation (TPF).  

The distribution between study and control group is shown in Figure 3.1.  

 

 

Figure 3.1 Type of the surgery performed in the study and control groups 

LE – laminectomy, MDE – microdiscectomy, Spin Tu – spinal tumour evacuation, 

TPF – transpedicular fixation. 

 

3.2 Preoperative laboratory tests 
 

Before the operation standard preoperative laboratory tests were made to 

determine preoperative haemoglobin und haematocrit level. The mean Hb was 

14  2 mg/dl in the study group and 13  1 mg/dl in the control group (p = 0.06). 

Similarly, there was no significant difference in the mean Hct value between the 

study and control groups (Table 3.2).  
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Table 3.2  

Mean Hb (mg/dl) and Hct (%) level in study group, control group patients 

and in all study patients together (mean  SD) 

Indicator 
Study group Control group 

p value 
Total 

Mean SD Mean SD Mean SD 

Hb 

(mg/dl) 
14 2 13 1 0.06 14 2 

Hct (%) 42 4 40 4 0.1 41 4 

 

3.3 Duration of the operation 
 

The mean duration of the operation was 116  16 min for all the patients. 

In the study group, the mean operation time was 128  42 min compared to 

104  49 min in the control group. The operation time in the study group was 

significantly longer than the operation time in the control group with a p value 

of 0.028.  

 

3.4 Intraoperative blood loss 
 

At the end of the surgery, the mean blood loss was 236  10 ml in total in 

all study patients. The mean intraoperative blood loss did not show any 

significant differences between the groups and was 245  97 ml in the study 

group and 220  115 ml in the control group (p = 0.262). 

 

3.5 Preoperative and intraoperative non-invasive measurements 
 

3.5.1 Mean systemic non-invasive arterial blood pressure (MAP) 
 

The preoperative MAP of 103  10 mmHg in the study group was 

significantly higher than that of 93  9 mmHg in the control group (p = 0.001). 

The following intraoperatively measured MAP values, presented as mean, 

minimum, and maximum values after the intubation with the patient lying supine, 
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during the surgery with the patient lying in the prone position, and at the end of 

the surgery when the patient was again in the supine position, did not show any 

statistical differences between the groups, as displayed in Table 3.3. 

 

Table 3.3  

The average (Avg), minimum (Min) and maximum (Max) mean systemic 

arterial pressure in millimetre of mercury (mmHg) in the study group, 

control group patients and in total (mean  SD)* 

Indicator 
Study group Control group 

p value 
Total 

Mean SD Mean SD Mean SD 

Avg MAP PreOp 

(mmHg) 
103 10 93 9 0.001 100 11 

Avg MAP Sup 

(mmHg) 
88 15 85 16 0.287 87 16 

Min MAP Sup 

(mmHg) 
77 19 78 17 0.477 77 18 

Max MAP Sup 

(mmHg) 
101 25 90 18 0.092 97 23 

Avg MAP Prone 

(mmHg) 
82 9 80 7 0.466 81 9 

Min MAP Prone 

(mmHg) 
65 13 69 8 0.436 66 12 

Max MAP Prone 

(mmHg) 
102 17 96 10 0.204 100 15 

Avg MAP Sup2 

(mmHg) 
90 14 87 12 0.440 89 13 

Min MAP Sup2 

(mmHg) 
81 19 82 14 0.851 82 17 

Max MAP Sup2 

(mmHg) 
97 18 92 13 0.286 95 16 

* Preoperative (PreOp), after the intubation with patient lying supine (Sup), in the prone 

position (Prone), at the end of the surgery when patient was turned again supine (Sup2). 

 

In the study group, the MAP analysis using repeated measures ANOVA 

with Huynh-Feldt correction shows that there is a significant difference between 

at least two phases (p < 0.001). 
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The post-hoc analysis shows that the difference is among Prone, Supine, 

Supine 2 and the Preoperative values; and between Prone and Supine 2 

(p = 0.005) (Table 3.4). 

 

Table 3.4 

The repeated MAP measures ANOVA and post-hoc analysis  

in the study group 

Operation 

stage 

Operation 

stage 

Mean 

difference 
SE t p value 

PreOp Prone 20.27 1.619 12.517 < 0.001 

PreOp Sup 15.216 2.581 5.894 < 0.001 

PreOp Sup2 13.324 2.674 4.983 < 0.001 

Prone Sup2 −6.946 2.057 −3.376 0.005 

* Preoperative (PreOp), after the intubation with patient lying supine (Sup), in the prone 

position (Prone), at the end of the surgery when patient was turned again supine (Sup2), 

standard error (SE), t-test (t). 

 

In the control group the MAP analysis using repeated measures ANOVA 

with Huynh-Feldt correction shows that there is a significant difference between 

at least two phases (p = 0.009). 

The post-hoc analysis shows that the difference is among Prone, Supine 

and the Preoperative values; and between Prone and Supine 2 (p = 0.04) 

(Table 3.5). 

 

Table 3.5 

The repeated measures ANOVA and post-hoc analysis for MAP  

in the control group 

Operation 

stage 

Operation 

stage 

Mean 

difference 
SE t p value 

PreOp Prone 13.65 2.269 6.016 < 0.001 

PreOp Sup 9 3.039 2.961 0.04 

Prone Sup2 −7.25 2.489 −2.913 0.04 

* Preoperative (PreOp), after the intubation with patient lying supine (Sup), in the prone 

position (Prone), at the end of the surgery when patient was turned again supine (Sup2), 

standard error (SE), t-test (t). 
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3.5.2 Cerebral oximetry measurements 
 

Regional cerebral oximetry (rScO2) was determined pre- and 

intraoperatively in all patients of the study. Distribution of data between the study 

group and the control group and the levels of statistical significance are shown 

in Table 3.6. The rScO2 values are also presented separately for values measured 

above the right (Dx) and the left (Sin) cerebral hemisphere, respectively. 

 

Table 3.6  

Preoperative (Preop) and average (Avg), minimum (Min), maximum 

(Max) rScO2 values in percentage above right (Dx) and left cerebral 

hemisphere (Sin) in the study group, the control group and in the total 

patient population (mean  SD) * 

Indicator 
Study group 

Control 

group p value 
Total 

Mean SD Mean SD Mean SD 

Preop rScO2 Dx (%) 71 9 75 9 0.047 73 9 

Preop rScO2 Sin (%) 72 10 76 9 0.141 73 10 

Avg Sup rScO2 Dx (%) 78 11 80 12 0.412 79 11 

Min Sup rScO2 Dx (%) 77 11 78 12 0.578 77 11 

Max Sup rScO2 Dx (%) 80 11 82 12 0.571 81 11 

Avg Sup rScO2 Sin (%) 79 11 79 11 0.806 79 11 

Min Sup rScO2 Sin (%) 76 11 77 10 0.702 76 11 

Max Sup rScO2 Sin (%) 81 11 81 12 0.898 81 11 

Avg Prone rScO2 Dx (%) 77 8 82 9 0.010 79 8 

Min Prone rScO2 Dx (%) 71 9 78 10 0.004 74 10 

Max Prone rScO2 Dx (%) 83 7 86 8 0.143 84 8 

Avg Prone rScO2 Sin (%) 77 8 82 7 0.017 79 8 

Min Prone rScO2 Sin (%) 73 9 79 8 0.012 75 9 

Max Prone rScO2 Sin (%) 82 8 86 7 0.105 84 8 

Avg Sup2 rScO2 Dx (%) 77 9 81 10 0.051 78 10 

Min Sup2 rScO2 Dx (%) 75 10 80 10 0.051 77 10 

Max Sup2 rScO2 Dx (%) 78 9 83 10 0.067 80 9 

Avg Sup2 rScO2 Sin (%) 77 10 81 9 0.054 78 10 

Min Sup2 rScO2 Sin (%) 75 11 80 9 0.078 76 11 

Max Sup2 rScO2 Sin (%) 78 9 83 10 0.058 80 9 

* After the intubation with patient lying supine (Sup), in the prone position (Prone), at the 

end of the surgery when patient was turned supine (Sup2) again. 
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We found a significantly lower preoperative mean rScO2 Dx in the study 

group as compared to the control group. We also observed that the average and 

minimal rScO2 values above the right and the left cerebral hemisphere with the 

patient lying in the prone position were statistically higher in the control group 

(Table 3.6). 

 

Study group 

Regional cerebral oxygenation above the right cerebral hemisphere 

(rScO2 Dx) analysis using repeated measures ANOVA with Huynh-Feldt 

correction shows that there is a significant difference between at least two phases 

(p < 0.001). 

The post-hoc analysis shows that the difference is among prone, sup1, 

sup2 and the preop values (Table 3.7). 

 

Table 3.7 

The repeated measures ANOVA and post-hoc analysis for rScO2 Dx  

in the study group 

Operation 

stage 

Operation 

stage 

Mean 

difference 
SE p value 

PreOp Prone −5.919 1.254 < 0.001 

PreOp Sup −7.865 1.235 < 0.001 

PreOp Sup2 −5.459 1.167 < 0.001 

* Preoperative (PreOp), after the intubation with patient lying supine (Sup), in the prone 

position (Prone), at the end of the surgery when patient was turned again supine (Sup2), 

standard error (SE). 

 

Regional cerebral oxygenation above the left cerebral hemisphere (rScO2 

Sin) analysis using repeated measures ANOVA with Huynh-Feldt correction 

showed that there was a significant difference between at least two phases 

(p < 0.001). 
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The post-hoc analysis showed that the difference was among prone, sup1, 

sup2 and the preop values (Table 3.8). 

 

Table 3.8 

The repeated measures ANOVA and post-hoc analysis for rScO2 Sin  

in the study group 

Operation 

stage 

Operation 

stage 

Mean 

difference 
SE p value 

PreOp Prone −6.056 1.186 < 0.001 

PreOp Sup −7.611 1.172 < 0.001 

PreOp Sup2 −4.694 1.162 0.001 

* Preoperative (PreOp), after the intubation with patient lying supine (Sup), in the prone 

position (Prone), at the end of the surgery when patient was turned again supine (Sup2), 

standard error (SE). 

 

Control group 

Regional cerebral oxygenation above the right and left cerebral 

hemispheres (rScO2 Dx and rScO2 Sin) analysis using repeated measures 

ANOVA with Huynh-Feldt correction showed that there was a significant 

difference between at least two phases (both p < 0.001). 

The post-hoc analysis showed that the difference was among prone, sup1, 

sup2 and the preop values (Tables 3.9 and 3.10). 

 

Table 3.9 

The repeated measures ANOVA and post-hoc analysis for rScO2 Dx  

in the control group 

Operation 

stage 

Operation 

stage 

Mean 

difference 
SE p value 

PreOp Prone −6.706 1.439 0.002 

PreOp Sup −6.353 1.447 0.002 

PreOp Sup2 −6.059 1.598 0.006 

* Preoperative (PreOp), after the intubation with patient lying supine (Sup), in the prone 

position (Prone), at the end of the surgery when patient was turned again supine (Sup2), 

standard error (SE). 
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Table 3.10 

The repeated measures ANOVA and post-hoc analysis for rScO2 Sin  

in the control group 

Operation 

stage 

Operation 

stage 

Mean 

difference 
SE p value 

PreOp Prone −6.824 1.493 0.002 

PreOp Sup −5.412 1.401 0.007 

PreOp Sup2 −5.588 1.683 0.017 

* Preoperative (PreOp), after the intubation with patient lying supine (Sup), in the prone 

position (Prone), at the end of the surgery when patient was turned again supine (Sup2), 

standard error (SE). 

 

3.5.3 Peripheral oxygen saturation (SpO2) 
 

Table 3.11 shows the peripheral oxygen saturation measured by pulse 

oximetry (SpO2) at the same time-points as the variables presented above, i.e. 

sampled preoperatively in the operating room, with the patients breathing room 

air before induction of anaesthesia and lying supine, and in the prone position, 

and at the end of the surgery when the patients were turned back into the supine 

position. 

 

Table 3.11  

Average (Avg), minimum (Min), maximum (Max) SpO2 values presented 

as percentages in the study group, the control group and in total patient 

population, respectively (mean  SD)*  

Indicator 
Study group Control group 

p value 
Total 

Mean SD Mean SD Mean SD 

Avg PreOp SpO2 (%) 99.07 1.47 97.73 2.41 0.026 98.61 1.94 

Avg SpO2 Sup (%) 99.77 0.58 99.15 1.42 0.059 99.56 0.99 

Min SpO2 Sup (%) 99.49 1.23 99.10 1.45 0.183 99.36 1.31 

Max SpO2 Sup (%) 99.92 0.27 99.25 1.41 0.017 99.69 0.90 

Avg SpO2 Prone (%) 99.93 0.46 99.82 0.50 0.089 99.89 0.48 

Min SpO2 Prone (%) 99.76 1.25 99.59 0.96 0.078 99.70 1.15 

Max SpO2 Prone (%) 100.00 0 99.91 0.29 0.049 99.97 0.18 
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Table 3.11 continued 

Indicator 
Study group Control group 

p value 
Total 

Mean SD Mean SD Mean SD 

Avg SpO2 Sup2 (%) 99.88 0.44 99.20 1.41 0.008 99.65 0.95 

Min SpO2 Sup2 (%) 99.69 1.14 99.05 1.65 0.016 99.47 1.36 

Max SpO2 Sup2 (%) 100 0 99.41 1.33 0.001 99.80 0.82 

* Preoperatively (Preop), after the intubation with the patients lying supine (Sup), in the 

prone position (Prone), at the end of the surgery when the patients were turned supine 

again (Sup2). 

 

3.5.4 End-tidal expired carbon dioxide (EtCO2) 
 

End-tidal expired carbon dioxide measurements after intubation in the 

supine position, in the prone position and at the end of the surgery in supine 

position before extubation are shown in Table 3.12. 

 

Table 3.12  

Average (Avg), minimum (Min) and maximum (Max) EtCO2 values in 

millimetre of mercury in the study group, in the control group and in the 

patients in total (mean  SD)* 

Indicator 
Study group Control group 

p value 
Total 

Mean SD Mean SD Mean SD 

Avg EtCO2 Sup 

(mmHg) 
34 4 35 2 0.657 34 4 

Min EtCO2 Sup 

(mmHg) 
33 4 35 2 0.467 34 4 

Max EtCO2 Sup 

(mmHg) 
35 4 35 3 0.830 35 4 

Avg EtCO2 Prone 

(mmHg) 
35 2 34 2 0.236 35 2 

Min EtCO2 Prone 

(mmHg) 
33 3 33 2 0.744 33 3 

Max EtCO2 Prone 

(mmHg) 
37 2 36 2 0.027 37 2 
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Table 3.12 continued 

Indicator 
Study group Control group 

p value 
Total 

Mean SD Mean SD Mean SD 

Avg EtCO2 Sup2 

(mmHg) 
35 3 35 3 0.600 35 3 

Min EtCO2 Sup2 

(mmHg) 
35 3 35 3 0.682 35 3 

Max EtCO2 Sup2 

(mmHg) 
35 3 35 3 0.564 35 3 

* After the intubation with patients lying supine (Sup) and in the prone position (Prone), 

at the end of the surgery when the patients were turned supine (Sup2) again. 

 

3.6 Patient demographic parameters and intraoperative 

measurements based on the type of the surgery performed 
 

Statistically significant differences among patients based on the type of 

the surgery (LE, MDE, Spinal Tu evacuation, TPF) were observed in the 

following parameters and measurements:  

• age,  

• intraoperative blood loss,  

• duration of the operation,  

• minimal value of the rScO2 above the right cerebral hemisphere in 

the supine position, and average rScO2 value above the left cerebral 

hemisphere in the supine position after the intubation.  

Patients in the LE group were the oldest (73  7 years), and those in the 

MDE group were the youngest (48  13 years), p = 0.001.  

Intraoperative blood loss was statistically the highest during TPF 

operations, and it was 311  98 ml with the p value < 0.000.  

In terms of operation time, the longest operation time was observed in the 

Spinal Tumour evacuation group, which was 163  54 min compared to 

LE – 103  39 min, MDE – 100  31 min and TPF – 126  42 min (p = 0.004). 



 

29 

When analysing patient rScO2 measurements based on the type of 

surgery, the only statistically significant differences observed were as follows: 

the minimal value of rScO2 above the right cerebral hemisphere with the patient 

lying supine at the start of surgery was the highest in the MDE group (rScO2 

82  10 %, p = 0.043) and the average rScO2 value over the left cerebral 

hemisphere with the patient lying supine at the start of surgery was also the 

highest in the MDE group (rScO2 839 %, p = 0.44) (Table 3.13). 

 

Table 3.13  

Age, preoperative and intraoperative values measured in the laminectomy 

(LE), microdiscectomy (MDE), spinal tumour (Spin Tu) and 

transpedicular fixation (TPF) group (mean  SD)* 

Indicator 
LE MDE Spin Tu TPF 

p value 
Mean SD Mean SD Mean SD Mean SD 

Age (years) 73 7 48 13 58 11 56 16 0.001 

Intraoperative 

blood loss (ml) 
192 

10

7 
184 82 271 81 311 98 0.000 

Hb (mg/dl) 13 1 14 2 14 1 13 2 0.072 

Hct (%) 39 4 42 3 40 3 40 5 0.173 

Duration of the 

operation (min) 
103 39 100 31 163 54 126 42 0.004 

PreOp rScO2 Dx 

(%) 
73 5 75 9 74 10 69 11 0.356 

Avg Sup rScO2 Dx 

(%) 
77 7 84 9 76 14 75 11 0.063 

Min Sup rScO2 Dx 

(%) 
76 7 82 10 73 14 73 11 0.043 

Max Sup rScO2 Dx 

(%) 
78 7 86 9 78 14 77 12 0.050 

PreOp rScO2 Sin 

(%) 
72 9 75 9 75 11 70 10 0.270 

Avg Sup rScO2 Sin 

(%) 
72 9 83 9 77 13 76 11 0.044 

Min Sup rScO2 Sin 

(%) 
71 9 81 10 73 12 74 10 0.080 

Max Sup rScO2 

Sin (%) 
73 8 85 9 79 14 78 12 0.050 
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Table 3.13 continued 

Indicator 
LE MDE Spin Tu TPF 

p value 
Mean SD Mean SD Mean SD Mean SD 

Avg Prone rScO2 

Dx (%) 
78 7 81 8 77 11 77 8 0.425 

Min Prone rScO2 

Dx (%) 
73 8 77 9 71 13 71 8 0.268 

Max Prone rScO2 

Dx (%) 
82 7 86 6 83 9 81 8 0.159 

Avg Prone rScO2 

Sin (%) 
75 6 81 7 77 10 78 8 0.287 

Min Prone rScO2 

Sin (%) 
71 9 78 8 74 13 73 9 0.246 

Max Prone rScO2 

Sin (%) 
79 5 86 7 83 9 83 9 0.244 

Avg Sup2 rScO2 

Dx (%) 
78 7 81 7 76 13 75 11 0.192 

Min Sup2 rScO2 

Dx (%) 
77 6 80 8 74 14 74 11 0.355 

Max Sup2 rScO2 

Dx (%) 
78 7 84 7 78 12 76 10 0.080 

Avg Sup2 rScO2 

Sin (%) 
73 7 81 7 77 14 76 11 0.174 

Min Sup2 rScO2 

Sin (%) 
72 8 79 8 75 15 75 12 0.326 

Max Sup2 rScO2 

Sin (%) 
74 7 83 7 79 12 78 10 0.093 

MAP PreOp 

(mmHg) 
94 4 99 12 103 12 100 10 0.434 

Avg MAP Sup 

(mmHg) 
80 19 87 16 87 13 88 17 0.861 

Min MAP Sup 

(mmHg) 
71 19 81 15 68 25 80 17 0.421 

Max MAP Sup 

(mmHg) 
88 22 94 23 105 23 100 23 0.345 

Avg MAP Prone 

(mmHg) 
75 9 81 8 85 8 81 9 0.217 

Min MAP Prone 

(mmHg) 
62 11 68 8 69 7 63 18 0.461 

Max MAP Prone 

(mmHg) 
94 7 98 15 107 16 102 16 0.348 
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Table 3.13 continued 

Indicator 
LE MDE Spin Tu TPF 

p value 
Mean SD Mean SD Mean SD Mean SD 

Avg MAP Sup2 

(mmHg) 
80 12 90 13 94 10 86 16 0.187 

Min MAP Sup2 

(mmHg) 
77 13 84 12 82 29 79 16 0.392 

Max MAP Sup2 

(mmHg) 
83 12 96 16 101 6 95 21 0.061 

Avg CO2 Sup 

(mmHg) 
34 4 35 3 33 5 34 3 0.977 

Min CO2 Sup 

(mmHg) 
34 5 35 3 32 6 34 3 0.731 

Max CO2 Sup 

(mmHg) 
35 3 35 4 34 4 36 4 0.958 

Avg EtCO2 Prone 

(mmHg) 
34 2 35 2 35 3 35 2 0.334 

Min EtCO2 Prone 

(mmHg) 
32 2 34 2 32 4 33 3 0.482 

Max EtCO2 Prone 

(mmHg) 
35 3 37 2 37 2 37 2 0.178 

SpO2 PreOp (%) 99 2 99 2 99 2 99 2 0.817 

Avg SpO2 Sup (%) 100 1 100 1 99 1 100 1 0.873 

Min SpO2 Sup (%) 100 1 99 1 99 2 99 1 0.909 

Max SpO2 Sup (%) 100 1 100 1 100 0 100 1 0.960 

Avg SpO2 Prone 

(%) 
100 0 100 0 100 1 100 0 0.903 

Min SpO2 Prone 

(%) 
100 0 100 1 99 2 100 0 0.782 

Max SpO2 Prone 

(%) 
100 0 100 0 100 0 100 0 0.817 

Avg SpO2 Sup2 

(%) 
98 2 100 1 100 0 100 1 0.403 

Min SpO2 Sup2 

(%) 
98 2 99 1 100 1 100 1 0.486 

Max SpO2 Sup2 

(%) 
98 2 100 0 100 0 100 0 0.070 

* Age (years), intraoperative blood loss (ml), Hb (mg/dl), Hct (%), duration of the 

operation (min), preoperative values and values after the intubation with patient lying 

supine (Sup), in the prone position (Prone), at the end of the surgery when patient was 

turned again supine (Sup2) of the rScO2 in percentage above right (Dx) and left (Sin) 

cerebral hemisphere, MAP, EtCO2, SpO2; Avg – average, Min – minimum, Max – 

maximum. 
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3.7 MOCA Test  
 

When analysing our MOCA cognitive test results, we found statistically 

significant differences in MOCA preoperative evaluation points between 

the study and control groups: MOCA preoperative points in the study group were 

25  2 and 26  2 in the control group (p = 0.034). (Table 3.14). 

 

Table 3.14  

Montreal Cognitive Assessment Score in the study group, control group 

patients and in total (mean  SD)* 

Indicator 
Study group Control group 

p value 
Total 

Mean SD Mean SD Mean SD 

MOCA 

PreOp 
25 2 26 2 0.034 26 2 

MOCA 

PostOp 
26 2 26 2 0.919 26 2 

* preoperative (PreOp) and postoperative (PostOp) points 

 

No relevant differences in MOCA points, neither preoperatively nor 

postoperatively, were observed when comparing patients based on the type of 

operation performed (Table 3.15). 

 

Table 3.15  

Montreal Cognitive Assessment Score in the laminectomy (LE), 

microdiscectomy (MDE), spinal tumour (Spin Tu) and transpedicular 

fixation (TPF) group (mean  SD)* 

Indicator 
LE MDE Spin Tu TPF 

p value 
Mean SD Mean SD Mean SD Mean SD 

MOCA 

PreOp 
25 1 26 3 26 2 26 2 0.766 

MOCA 

PostOp 
25 1 26 2 25 2 26 2 0.124 

* Preoperative (PreOp) and postoperative (PostOp) points. 
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3.8 Intraoperative cerebral oxygen desaturation  
 

In our study, intraoperative cerebral desaturation occurred in three 

patients – two in the study group and one in the control group. The desaturation 

time was between 5 to 8 minutes in all three patients. 

 

Study group  

In the study group, cerebral oxygen saturation in two patients dropped by 

20 % from their individual baseline values and a drop under the absolute value 

of rScO2 of 50 % was registered. The NIRS-based intervention algorithm was 

used.  

Patient 1 was a 54 years old woman, undergoing spinal tumour 

evacuation. The preoperatively determined baseline values were rScO2 of 68 % 

above the right cerebral hemisphere and 69 % above the left one. 

An intraoperative rScO2 drop for 29 % from baseline values and under the 

absolute value of 50 % (bilaterally) was observed with the minimal rScO2 value 

of 48 % while lying in the prone position. According to the NIRS-based 

intervention algorithm, neutral head positioning was provided as a first step; 

however, no changes in rScO2 were observed. As a next step, the patient received 

a dose of ephedrine 10 mg intravenously to raise the mean arterial blood pressure. 

During the cerebral desaturation period, the MAP was over 95 mmHg, which 

was 24 % lower than the preoperatively measured baseline value. After the 

second step, rScO2 values increased above 50 %, then above the baseline, and 

no further intervention was necessary.  

The patient’s operation time was higher than the average in the study 

group and was 270 min compared to 128  42 min in the other study group 

patients (p = 0.0001). The operation time was also longer than the mean 
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operation time measured in the spinal tumour patient group, which was 

153.2 ± 44.3 min (p < 0.001).  

Patient’s preoperative systemic MAP – 124 mmHg – was higher than that 

measured in the other study group patients (MAP 103  10 mmHg, p = 0.03). It 

was also higher than the preoperative MAP in the other spinal tumour patients 

with the mean preoperative systemic MAP of 100.9 ± 9.8 mmHg (p < 0.001).  

The second study group patient was a man, 57 years old, undergoing 

microdiscectomy (at the single level of L4–5) operation. The baseline rScO2 

values were as follows: rScO2 Dx 85 % and rScO2 Sin 87 %. During the 

operation with the patient lying in the prone position, rScO2 values dropped to 

minimal rScO2 value of 63 % (bilaterally) (by 27 % from patient’s individual 

baseline values measured preoperatively before intubation). In addition, the 

second patient did not show any changes in rScO2 values after correct head 

positioning was achieved. At the time of cerebral desaturation, the MAP 

decreased to 62 mmHg (baseline MAP value – 104 mmHg), as the next step 

intravenous ephedrine 10 mg was given. A further decrease in MAP was 

observed, with the lowest MAP of 56 mmHg. Another 10 mg of ephedrine was 

administered. Together with the MAP also rScO2 values increased above the 

threshold values and no further intervention was necessary. 

The cognitive function based on the MOCA test points in both study 

group patients, where NIRS-based interventional algorithm was used, stayed 

consistent – preoperatively and postoperatively. In patient 1, MOCA score 

preoperatively was 26 points and also postoperatively – 26 points. In patient 2, 

MOCA score preoperatively and postoperatively was 23 points.  
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Control group 

In the control group, cerebral oxygen desaturation was found in one 

patient. The patient was a 24 years old woman, who underwent a two level 

transpedicular lumbar spinal fixation after trauma. The preoperative baseline 

rScO2 values were rScO2 Sin 92 % and rScO2 Dx 87 %. We observed an 

intraoperative drop of rScO2 by 21 % from baseline value (to rScO2 of 73 % Dx 

with patient lying in the prone position).  

By analysing and comparing this patient’s demographic data and 

intraoperative measurements, we did not observe any statistically significant 

differences from the other patients in the control group. Analysing the patient’s 

measurements retrospectively we saw a MAP decrease at the time when rScO2 

decrease was also observed, from baseline 91mmHg to MAP 71mmHg (MAP 

value decreased by 22 %).  

MOCA score in the patient described above decreased by 4 points 

postoperatively – from MOCA 29 points preoperatively to MOCA 25 points 

postoperatively, which is defined as postoperative cognitive dysfunction.  

 

3.9 Postoperative cognitive decline and MOCA score 
 

Out of a total of 64 patients included in the study, postoperative cognitive 

decline was observed in 19 (29.6 %) patients, 9 out of 42 patients (21.4 %) in the 

study group and 10 out of 22 patients (45.5 %) in the control group.  

The following postoperative MOCA score reductions were observed: 

• for 1 point – in 8 patients (5 in the study group and 3 in the control 

group); 

• for 2 points – in 7 patients (3 – study group, 4 – control group); 

• for 3 points – in 1 patient (1 – control group); 

• for 4 points – in 3 patients (1 – study group, 2 – control group). 
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The statistically significant difference in comparison with other patients, 

who did not have postoperative MOCA decrease, was observed in the following 

measurements: the average rScO2 value in the prone position over the left 

cerebral hemisphere and the maximum EtCO2 value in the supine position 

(Table 3.16). 

 

Table 3.16  

Average (Avg) rScO2 in percentage in the prone position above left 

cerebral hemisphere (Sin) and maximum (Max) EtCO2 in millimetre  

of mercury after the intubation in patient lying supine in the patients 

where postoperative MOCA score decrease was observed  

and in the other patients in the study 

Indicator 

Patients with 

postoperative MOCA 

score decrease 

Other patients  

in the study p value 

Mean SD Mean SD 

Avg prone rScO2 Sin (%) 82 7 78 8 0.048 

Max EtCO2 Sup (mmHg) 37 3 34 4 0.041 

 

We also analysed separately those patients, who had a postoperative 

decrease in MOCA score of 4 points. No statistically significant differences were 

observed when compared to all the other patients in the study.  

Table 3.17 shows the percentage of patients with a postoperative MOCA 

score decrease in each MOCA domain. 

 

Table 3.17 

The number of patients in percentage (%) that showed postoperative 

MOCA point decrease analysed within separate MOCA domains  

in study, control groups and in total 

MOCA Domain 
Study group 

N (%) 

Control group  

N (%) 
p value 

Total  

N (%) 

Visuospatial / Executive 13.0 16.7 0.771 14.3 

Naming 0 0 – 0 

Memory No points 

Attention 21.7 25.0 0.827 22.9 
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Table 3.17 continued 

MOCA Domain 
Study group 

N (%) 

Control group 

N (%) 
p value 

Total 

N (%) 

Language 8.7 41.7 0.021 20.0 

Abstraction 0 8.3 0.160 2.9 

Delayed recall 26.1 33.3 0.652 28.6 

Orientation 13.0 0 0.191 8.6 

 

3.10 Spearman’s rho correlation analysis 
 

Using Spearman’s rho rank correlation to analyse all the patients included 

in the study, we found a negative correlation between intraoperative rScO2 

values and patient age, intraoperative blood loss and preoperative MAP value 

and a positive correlation with preoperative MOCA values (Table 3.18, 

Figures 3.2–3.5). 

 

Table 3.18  

Spearman’s rho correlation coefficients  between age, intraoperative 

blood loss, MAP Preoperative, MOCA preoperative score  

and intraoperative rScO2 values in all study patients 

Indicator 
Spearman’s rho correlation 

coefficient and p value 

Intraoperative 

rScO2 values 

Age 

Spearman’s rho correlation 

coefficient () 
−0.352 

p value 0.004 

Intraoperative blood loss 

Spearman’s rho correlation 

coefficient () 
−0.248 

p value 0.049 

MAP Preoperative 

Spearman’s rho correlation 

coefficient () 
−0.306 

p value 0.014 

MOCA Preoperative 

Spearman’s rho correlation 

coefficient () 
0.326 

p value 0.009 
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Figure 3.2 Spearman’s rho correlation between age and intraoperative 

rScO2 values in all study patients 

 

 

Figure 3.3 Spearman’s rho correlation between intraoperative blood loss 

and intraoperative rScO2 values in all study patients 

 = −0.352  

p = 0.004 

 

 = −0.248  

p = 0.049 
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Figure 3.4 Spearman’s rho correlation between MAP Preoperative values 

and intraoperative rScO2 values in all study patients 

 

 

Figure 3.5 Spearman’s rho correlation between MOCA preoperative score 

and intraoperative rScO2 values in all study patients 

  

 = −0.306  

p = 0.014 

 

 = 0.326 

p = 0.009 
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Linear regression showed that factors explaining 28.5 % of the variance 

in the intraoperative rScO2 values were age (B = −0.134, 95 % CI [−0.266, 

−0.001], p = 0.048) and preoperative systemic MAP (B = −0.204, 95 % 

CI [−0.384, −0.024], p = 0.027), controlling for other factors (intraoperative 

blood loss, Hb, Hct, duration of surgery, intraoperative systemic MAP, EtCO2, 

SpO2, MOCA score). 

We also investigated whether intraoperative rScO2 values correlated with 

other measured variables separately for the study group and the control group. 

For the study group, we found a negative correlation between intraoperative 

rScO2 measurements and preoperative MAP ( = −0.354, p = 0.021) 

(Figure 3.6). In the control group, we found a negative correlation between 

intraoperative rScO2 and patient age ( = −0.655, p = 0.001) (Figure 3.7).  

 

 

Figure 3.6 Spearman’s rho correlation between MAP preoperative values 

and intraoperative rScO2 values in study group patients 

  

 = −0.354  

p = 0.021 
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Figure 3.7 Spearman’s rho correlation between age and intraoperative 

rScO2 values in control group patients 

 

Postoperative MOCA score did not correlate with intraoperative rScO2 

values. However, patients, who had a decrease in rScO2 of > 10 % at any stage 

of surgery had a lower postoperative median MOCA score. Patients who had 

a decrease of rScO2 > 10 % had a median postoperative MOCA score of 26.0 

(IQR 1.5). Patients who had no decrease or a decrease of < 10 % had a median 

postoperative MOCA score of 25.5 (IQR 3). This difference was statistically 

significant (p = 0.02) (Figure 3.8). 

 = −0.655 

p = 0.001 
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Figure 3.8 Median postoperative MOCA score in patients  

with intraoperative rScO2 decrease > 10 % and in patients  

with no decrease or rScO2 decrease < 10 % 
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4 Discussion  
 

Spinal surgery is a medical field covering a wide range of different 

operations performed on the spinal column and the surrounding tissues. The type 

of operation, the surgical technique, the operation time, the intraoperative blood 

loss, the professional skills of the medical staff and other relevant factors 

determine the intraoperative management and the postoperative outcome. Spinal 

surgery is a complex area of medicine that is challenging for both clinicians and 

researchers. We aimed to find out whether cerebral desaturation can occur during 

spinal surgery in the prone position, and the potential usefulness of a near-

infrared spectroscopy -based clinical algorithm. We also speculated whether 

cerebral desaturation was associated with a postoperative cognitive decline. In 

particular, we sought to identify which factors would influence cerebral 

oxygenation in patients undergoing spinal surgery, such as patient age, 

preoperative haemoglobin and haematocrit levels, end-tidal carbon dioxide 

concentration, peripheral arterial oxygen saturation, intraoperative blood loss 

and the duration of the surgery. Our working hypothesis was that providing 

adequate cerebral oxygen saturation during spinal neurosurgery in the prone 

position is essential to prevent POCD.  

Several recent studies have elucidated the monitoring of cerebral oxygen 

saturation by using NIRS devices – cerebral oximeters. As non-invasive devices, 

they have gained popularity in many different fields of surgery as well as in 

various conditions requiring treatment in the ICU, including both adult and 

pediatric patient populations. A limited number of studies have focused 

specifically on monitoring cerebral oxygenation using NIRS devices 

intraoperatively during spinal surgery and only a few studies have evaluated 

cognitive function as part of the postoperative outcome (Trafidlo, 2015). 
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4.1 Age 
 

Age plays a significant role in terms of intraoperative cerebral 

desaturation. Elderly patients suffer from intraoperative cerebral desaturation, 

often due to reduced physiological reserves (Casati, 2005). Recent studies have 

shown that higher age is associated with a reduction of intraoperative rScO2 

(Tobias, 2008; Burkhart, 2011). Almost 20 %–40 % of elderly patients 

experience cerebral desaturation during non-cardiac surgery (Casati, 2005; 

Papadopoulos, 2012; Deiner, 2014) and elderly people make up more than 30 % 

of all patients requiring anaesthesia for surgeries (Casati, 2005). The age at which 

patients are included in the elderly patient population varies from study to study. 

Sixty-five years and older is the most commonly used definition. In our study, 

we included adult patients aged 18 years and above, with a mean age of 

55  15 years (mean  SD). Patients aged 61 and older accounted for 64 % of the 

study population. In our study, intraoperative cerebral desaturation of more than 

20 % from baseline, or an absolute drop in rScO2 to below 50 % was observed 

in three patients. Two of them were 54 and 57 years old and the third patient was 

only 24 years old, showing that even young patients can experience a significant 

drop in rScO2 during surgery. 

As mentioned above (Casati, 2005; Deiner, 2014; Papadopoulos, 2012) 

patients at the age of 65 years and older show lower intraoperative rScO2 values. 

In contrast, we observed significantly higher average and minimal intraoperative 

rScO2 values over both cerebral hemispheres in the prone position in the control 

group, in which the majority of the patients were aged 61–70 years. At the same 

time, most of the patients in the study group (36 %) were in the age group of 51–

60 years but presented with lower rScO2 values in the prone position.  
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Generally, our study predicts a negative correlation between patient age 

and intraoperative rScO2 values ( = −0.352, p = 0.004), which is consistent 

with the studies mentioned above (Casati, 2005; Deiner, 2014; Papadopoulos, 

2012). This raises the question of what is the cut-off age, at which increased 

attention should be paid to the possibility of an intraoperative cerebral 

desaturation. In addition, the fact that three patients in our study with significant 

intraoperative cerebral desaturation were notably younger than 65 years, made 

us analyse and look for other factors that could potentially cause cerebral 

desaturation. 

 

4.2 Mean arterial blood pressure (MAP), the choice  

of vasoconstrictors  
 

Mean arterial blood pressure is a crucial factor in the assurance of 

adequate cerebral perfusion pressure, including appropriate cerebral oxygen 

delivery. As stated in the intraoperative NIRS algorithm (Denault, 2007; 

Trafidlo, 2015), the evaluation of MAP is the second step after verifying head 

position if cerebral desaturation occurs. Based on the cerebral autoregulation, 

proper brain tissue perfusion remains constant in a range of 50–150 mmHg (van 

den Brule, 2018). The recommended MAP, which ensures the best organ 

perfusion, including the brain, is 65 mmHg (Van Diepen, 2017). Intraoperative 

hypotension is defined as an absolute MAP < 65 mmHg or relative MAP 

decrease under 20 % or more from baseline (Meng, 2018). In our study MAP at 

the time of cerebral desaturation in one of our study group patients was lower 

than 65 mmHg (56–62 mmHg). In the other study group patient, MAP was 24 % 

lower than baseline at the time of cerebral desaturation. Both patients received 

ephedrine boluses and rScO2 raised above the threshold values, confirming the 

importance of arterial blood pressure in maintaining adequate cerebral saturation.  
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The choice of vasoconstrictors that increase MAP and preserve rScO2 has 

been discussed in several studies. Previous studies have shown that ephedrine, 

which was used in our patients, increases MAP but does not decrease (or even 

increase) rScO2, as compared, for example, with phenylephrine where MAP 

increases at the same level, but rScO2 decreases significantly (Vanpeteghem, 

2020; Koch, 2020; Nissen, 2010).  

On the other hand, other patients with a MAP < 65 mmHg or MAP values 

lower than 20 % below baseline did not show cerebral desaturation. The question 

of interest is – whether a MAP of 65 mmHg can be accepted as a standard value 

regarding the appropriate cerebral perfusion and therefore oxygen delivery, or 

whether an individual MAP- threshold should be aimed at? Moreover, which 

MAP value should be considered as baseline, the one measured at the time of 

preoperative patient visit, or the one measured in the operating room before 

induction of anaesthesia? In the preoperative check, MAP is not always 

measured. On the other hand, blood pressure measured immediately before the 

operation is strongly influenced by preoperative stress and intake of 

antihypertensive drugs and other medicines. Zhang and colleagues (Zhang, 2021) 

showed that cerebral oximetry itself can be used to identify optimal MAP 

intraoperative range to ensure adequate cerebral autoregulation. Their study 

showed that optimal MAP targets for elderly patients ( 65 years) were between 

67.8  8.9 and 116.4  10.5 mmHg, and for middle aged patients (45–64 years) 

between 71.2  12.5 and 111.3  8.9 mmHg (Zhang, 2021). In our patient 

population mean intraoperative arterial blood pressure varied from 66  12 to 

100  15 mmHg, which was consistent with the findings of Zhang et al., although 

the values in our study were derived from all age groups.  

The importance of preoperative blood pressure management is already 

well known, as patients with hypertension have increased risk of postoperative 

complications, such as cardiovascular events, neurologic deficits or even death 
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(Varon, 2008). We detected significantly higher preoperative MAP in our study 

group patients compared to control group patients. At the same time in the study 

group patients, we observed lower preoperative rScO2 values and lower rScO2 

values in the prone position. A negative correlation was found between 

preoperative MAP and intraoperative rScO2 values. The same finding was 

observed in our one study group patient, where significant cerebral desaturation 

occurred. In this one study group patient, preoperative MAP was remarkably 

higher than the group average and intraoperative cerebral desaturation was 

observed. Studies evaluating preoperative variables affecting intraoperative 

rScO2 measurements do not mention MAP as one of them (Thiele, 2020). To our 

knowledge, no studies have specifically investigated preoperative blood pressure 

in relation to intraoperative cerebral oxygenation. In contrast to Varon et al. 

(Varon, 2008), no correlation was found between preoperative or intraoperative 

MAP and postoperative outcome – cognitive function – in our study.  

Our study showed that blood pressure plays an important role in 

maintaining adequate cerebral saturation levels intraoperatively. In their study, 

Jo et al. suggest that the brain could be used as an index organ for overall 

hemodynamic stability (Jo, 2020). And the same as in our study, Jo et al. also 

demonstrate that changes in MAP correlate with rScO2, although the correlation 

is weak (Jo, 2020). At the same time, in our case no correlation was found 

between MAP and postoperative cognitive function. The exact role of MAP in 

maintaining adequate cerebral oxygenation should be debated. Are there absolute 

MAP levels that require intervention and how should they be managed?  

 

4.3 Hb, Hct, intraoperative blood loss 
 

Blood is the main carrier of haemoglobin, and Hb is the main molecule 

involved in O2 transport. It is therefore useful to discuss Hb, Hct and 

intraoperative blood loss in relation to cerebral oxygen saturation.  
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Haemoglobin has been shown to be significantly associated with cerebral 

rScO2 values, and a linear relationship can be seen with lower Hb levels 

corresponding to lower rScO2 values (Ookawara, 2020). According to the World 

Health Organization, anaemia is defined as haemoglobin < 13 mg/dl for men and 

< 12 mg/dl for non-pregnant women (WHO, 2011). Poor postoperative outcomes 

have been described in patients with different preoperative haemoglobin levels – 

10 mg/dl, 11 mg/dl and 12 mg/dl, although it is still debatable whether they are 

caused by low haemoglobin levels or other factors (Van Straten, 2009). In our 

study, we did not find any correlation between preoperative haemoglobin or 

haematocrit levels and intraoperative rScO2 values or postoperative outcome – 

cognitive function. That can be explained by the fact that the mean preoperative 

haemoglobin and haematocrit levels in the study and control group were in the 

normal range and the patients were not anaemic based on the WHO definition. 

That also corresponded to the study by Shayan et al. (Shayan, 2022), in which 

perioperative neurocognitive disorder (PND) was investigated in relation to 

anaemia. In that study, no correlation between postoperative cognitive 

performance one month after the surgery and preoperative anaemia was found 

(Shayan, 2022). To our knowledge, there are no studies, where Hb or Hct levels 

were analysed in regard to intraoperative rScO2 or postoperative outcomes in 

spinal surgery patients.  

The same linear relationship as for Hb and rScO2 can also be seen for 

blood loss and rScO2. Torella et al. (Torella, 2004) noticed that cerebral oxygen 

saturation decreases proportionally to blood loss. This is consistent with our 

finding of a negative correlation between intraoperative blood loss and cerebral 

oxygenation. However, Torrella and colleagues observed a remarkably higher 

median blood loss of 650 ml (400–1800 ml) (Torella, 2004) compared to a mean 

intraoperative blood loss of 236  103 ml (100–500 ml) in our study material as 

a whole.  
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4.4 The length of operation 
 

The length of surgery has been described as a factor in terms of 

postoperative complications. It has been shown that postoperative complications 

(surgical site infection, wound dehiscence, bleeding, pneumonia, urinary tract 

infection, renal failure, sepsis, cardiac complications) double with operative time 

that exceeds two or more hours (Cheng, 2018). Prolonged surgery time has also 

been considered as a risk factor for postoperative cognitive decline (Rundshagen, 

2014; Borozdina, 2018). When we looked separately at the patients that 

presented with POCD, we found the same trend as in the above studies. The mean 

duration of surgery for patients with POCD was 130  44 min, compared to 

115  46 min in patients with no POCD. Although the findings were not 

significantly different.  

 

4.5 Cerebral oxygenation during spinal surgery  

in prone position  
 

Authors also have evaluated whether changes in cerebral oxygenation can 

be seen only during spinal surgery in the prone position or in the position in 

general. Deiner et al. showed, as in our current study, that patients experience 

cerebral desaturation when undergoing surgery in the prone position (Deiner, 

2014). Their study compared elderly patients ( 68 years) who underwent 

surgery in the prone position with patients who underwent surgery lying supine. 

The researchers observed that cerebral desaturation was related to the prone 

position, as patients operated in the prone position were twice as likely to 

experience a cerebral saturation than those operated in the supine position 

(Deiner, 2014). In our patients, we observed higher average and minimal cerebral 

oxygenation values in the prone position over both cerebral hemispheres in the 

control group when compared to the study group. The majority of patients in the 
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control group (41 %) were aged 61–70 years. At the same time, most of the 

patients in the study group were younger – between 51 and 60 years old.  

A few years ago, Andersen and colleagues (Andersen, 2014) 

demonstrated the importance of neutral head position for maintaining cerebral 

oxygenation in the prone position, since rotation of the head to the right or left 

and / or flexion or extension of the neck can cause a decrease in rScO2. In our 

study, correction of head position was performed as the first measure against 

cerebral desaturation, as correct head positioning is also the first step in the 

NIRS-based clinical algorithm (Denault, 2014; Trafidlo, 2015). In our cases, no 

improvement in rScO2 values was seen after repeated confirmation of correct, 

neutral head position.  

 

4.6 Postoperative cognitive decline 
 

In the present study, we aimed at investigating whether intraoperative 

cerebral desaturation leads to postoperative cognitive disturbances by evaluating 

preoperative and postoperative patient cognitive status using the MOCA test. We 

observed a decrease in postoperative MOCA scores in 19 patients that accounted 

for 29,6 % or almost one third of the total patient population. Moreover, 

postoperative cognitive decline was observed in almost a half of the patients in 

the control group (45.5 %), where rScO2 was monitored blindly compared to 

21.4 % patients in the study group. In the same way, more patients in the control 

group presented a decrease in the MOCA score of 4, 3 and 2 points, whereas in 

the study group, the majority of patients showed MOCA score decrease by only 

1 or 2 points postoperatively. The largest difference between the groups was 

observed in the MOCA language domain, where 41.7 % of the patients in the 

control group showed postoperative decline compared to only 8.7 % of the 

patients in the study group. This finding is difficult to explain because centres 

responsible for the language, are located in different areas of the brain (Broca’s, 
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Wernicke’s areas). What we did find in the control group was a negative 

correlation between intraoperative rScO2 values and patient age, showing that 

the aging brain is more dependent on the adequate oxygen delivery.  

Trafidlo et al. (Trafidlo, 2015) also investigated spinal surgery patients 

operated in the prone position and showed that in the group without NIRS 

monitoring, more patients presented with postoperative cognitive deficiencies. 

Many studies have shown that patients after cardiac and non-cardiac surgery 

suffer from postoperative cognitive decline or dysfunction (van Dijk, 2000; 

Jensen, 2006; Newman, 2007). To our knowledge, Trafidlo et al. (Trafidlo, 2015) 

is the only study so far that has monitored cerebral oxygen saturation during 

spinal surgery and analysed it in relation to postoperative cognitive outcome. 

There are studies describing POCD as a transient postoperative disturbance 

(Rundshagen, 2014). Other studies show that POCD can significantly impair 

postoperative recovery and even increase postoperative mortality (Monk, 2008; 

Steinmetz, 2009). Unlike delirium, POCD can stay unrecognised unless 

preoperative and postoperative neurophysiological tests are used.  

Zorrilla-Vaca et al. (Zorilla-Vaca, 2018) performed a meta-analysis and 

found that the incidence of POCD is reduced when cerebral oximetry-guided 

intraoperative management is applied. Based on the findings of the latter 

investigators, the thresholds for interventions were most commonly either rScO2 

< 75 % of baseline, or an absolute value of rScO2 < 55–60 % (Zorilla-Vaca, 

2018). We used the NIRS-based intraoperative intervention algorithm of Denault 

et al. (Denault, 2014), which has been adapted to non-cardiac surgery by Trafidlo 

et al. (Trafidlo, 2015). Based on these algorithms, the threshold for intervention 

is a drop in rScO2 of 20 % or more from baseline (unilaterally or bilaterally) or 

rScO2 < 50 %. Zorilla-Vaca and colleagues also found and described that 

neurological deficits are more likely to occur with an rScO2 reduction of more 

than 30 % (Zorilla-Vaca, 2018). This lead us to the question as to whether a drop 
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in rScO2 of 20 % below baseline may represent a clinically significant 

desaturation. In addition, it is still not strictly defined whether rScO2 baseline 

values should be determined preoperatively in the patient breathing room air 

(Dworschak, 2012) or with supplemental oxygen (Heringlake, 2011). In our 

study, we set the baseline values according to Dworschak et al. (Dworschak, 

2012) with patients breathing room air. We observed that the two patients in our 

study group, who experienced a drop in  rScO2 of 20 % or more below baseline 

and a drop in rScO2 below 50 %, which were eliminated, had no postoperative 

cognitive decline, and vice versa – the patient in our control group, who 

experienced cerebral desaturation, but no interventions were applied, was found 

to have POCD. Furthermore, patients who had an intraoperative decrease in 

rScO2 of > 10 % had a lower median postoperative MOCA score. Therefore, our 

study results were in line with the findings of Green et al., who affirmed that both 

a 20 % rScO2 decline from baseline values is significant and that in clinical 

practice steps should be taken beforehand to limit a smaller decrease, for 

example, of 10 % (Green, 2017). Lin et al. in their study also suggest that cerebral 

oxygen saturation decrease already over 11 % could be used as a potential 

predictor to postoperative neurocognitive impairment (Lin, 2013). In addition, it 

has been advised to use cerebral oximetry as a trend monitor, tracking changes 

in saturation, rather than using absolute rScO2 values (Bickler, 2013).  

In our patients, the time spent in cerebral desaturation was from 5 to 

8 minutes. Based on brain physiology, hypoxic brain damage can occur as early 

as 5 min of hypoxia (Barash, 2015). Therefore, if cerebral desaturation is 

detected, intervention must not be delayed. Literature data regarding this issue 

are very contradictory. While one study shows that POCD develops as early as 

< 5 min exposure to cerebral oxygenation values of < 65 % (Tang, 2012), other 

studies claim that the time of the cerebral desaturation should be 2 hours to result 
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in neurological impairment (Kurth, 2009). It should be noted that the latter study 

was conducted on piglets.  

The brain is the primary endpoint for many anaesthetics, and anaesthesia 

has therefore been recognised as one of the risk factors for postoperative 

neurological disorders (Casati, 2005). Nevertheless, the brain is one of the least 

monitored organs intraoperatively. The aim of the intraoperative monitoring of 

cerebral oxygenation saturation is to detect harmful physiological events that can 

lead to brain damage (Mahajan, 2013) and to prevent them. Several studies have 

shown that patients suffer from postoperative cognitive decline or dysfunction 

following cardiac and non-cardiac surgery (van Dijk, 2000; Jensen, 2006; 

Newman, 2007). Some studies describe POCD as transient postoperative 

disturbance (Rundshagen, 2014), whereas other studies show that POCD can 

significantly impair postoperative recovery and even increase postoperative 

mortality (Monk, 2008; Steinmetz, 2009).  

Cerebral oximeters are non-invasive devices, that provide continuous 

real-time monitoring of cerebral oxygenation. Intraoperative monitoring of 

cerebral oxygenation should be applied together with NIRS-based intraoperative 

intervention algorithm, as simple interventions may provide clear benefits.  

 

4.7 Strengths and limitations  
 

In recent studies, researchers have assessed cerebral oxygenation 

intraoperatively during non-cardiac surgery (Moerman, 2015; Nielsen, 2014). In 

some of the latter studies, the cerebral oximeters were applied in patients who 

undergoing surgery in the prone position (Andersen, 2014; Deiner, 2014) . In 

addition, an intraoperative NIRS-based clinical algorithm was used (Denault, 

2007; Tosch, 2016). It has been demonstrated that patients, experiencing 

intraoperative cerebral desaturation, suffer from various postoperative 

complications (Goldman, 2004; Murkin, 2007) including POCD  
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(Zorilla-Vaca, 2018). However, to our knowledge, only one study has included 

intraoperative monitoring of cerebral oxygenation and evaluated postoperative 

cognitive outcome after spinal surgery (Trafidlo, 2015). Thus, Trafidlo et al. 

evaluated POCD by using different neurocognitive tests, such as N-back Test, 

Trail Making Test A and B, Stroop Colour-Word Interference Test Part 1 and 2 

and others (Trafidlo, 2015). Our aim was to show, that there is a simple test, such 

as MOCA, that can evaluate cognitive function in a short period of time during 

preoperative and postoperative patient evaluation. The MOCA test is easy to use. 

It is available in several languages and covers a wide range of cognitive domains, 

such as short-term memory, visuo-spatial abilities, executive functions, attention, 

concentration, working memory, language, and orientation to time and place 

(MoCA Montreal Cognitive Assessment). In our opinion, it is important to use 

easy applicable tests to monitor cognitive function and detect POCD, which take 

little time and are understandable to patients (in their native language). Recently, 

Soehle at el. have also suggested that cognitive evaluation tests should take only 

a couple of minutes, without requiring excessive staff training in order to be 

implemented in clinical practice (Soehle, 2022). The discussion could arise 

regarding the fact that the same MOCA test was used to evaluate patient 

cognitive status preoperatively and postoperatively and could lead to a learning 

effect. Unfortunately, there was no other option to avoid this, as there is only one 

version of MOCA test available that is validated in Latvian and Russian.  

Another limitation of our study was that patients with postoperative 

cognitive decline were not inspected repeatedly after the surgery. The cognitive 

function was evaluated only once after surgery, and no other possible 

postoperative complications were assessed. Nor any intraoperative PaO2 or 

PaCO2 measurements were taken to minimize invasive manipulations, although 

they would show changes in oxygen and carbon dioxide concentrations more 

accurately than SpO2 and EtCO2. In the current study, we also did not analyse 
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patient comorbidities as a factor that could influence intraoperative cerebral 

saturation or postoperative cognitive decline. Another limitation of the study is 

the number of patients included in the study due to the limited budget available 

for the study and the high cost of cerebral oximetry electrodes.  
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Conclusions  
 

1. Patients undergoing various spinal surgeries in the prone position may 

experience intraoperative cerebral desaturation and rScO2 values below 

20 % of individual baseline values or a drop in rScO2 below the absolute 

value of 50 %. Otherwise, intraoperative cerebral desaturation will remain 

unrecognised unless cerebral oximeters are used and cerebral oxygenation 

is monitored.  

2. In the control group, where rScO2 was monitored blindly and no NIRS 

algorithm was applied, 45.5 % of patients showed postoperative cognitive 

decline compared to the study group, where postoperative cognitive 

decline was observed in 21.4 % of patients. More patients in the control 

group showed larger postoperative MOCA point decrease (2, 3 and 

4 points) compared to the study group, where most of the patients 

presented with postoperative MOCA score decrease of 1–2 points.  

3. No postoperative cognitive decline was observed in patients, in whom 

intraoperative regional cerebral oxygen saturation was monitored and 

cerebral desaturation was treated according to the NIRS-algorithm. In 

patient in whom intraoperative regional cerebral oxygenation was 

monitored blindly, cerebral desaturation was detected, but the NIRS 

algorithm was not applied, postoperative cognitive decline was noticed. 

4. A statistically significant negative correlation was found between 

intraoperative rScO2 values and age, intraoperative blood loss and 

preoperative mean arterial blood pressure. In addition, a positive 

correlation was observed between intraoperative rScO2 and preoperative 

MOCA score.  

5. Postoperative MOCA score was not correlated with intraoperative rScO2 

values. However, patients with an intraoperative decrease in rScO2 

of > 10 % had a lower postoperative median MOCA score. 
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6. During spinal neurosurgery in the prone position, cerebral oximetry 

combined with a NIRS-based clinical algorithm gives valuable 

information about cerebral oxygenation and prevents postoperative 

cognitive decline. Ensuring adequate cerebral oxygen saturation is 

essential for patient safety. 
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Annex 2 

NIRS-based clinical algorithm (Denault, 2014) 
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Annex 3 

Montreal cognitive assessment test (MoCA)  
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