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Continuous perioperative monitoring of blood oxygen saturation via pulse oximetry is 
an established standard of care. The incidence of postoperative cognitive dysfunction 
(POCD) in orthopedic patients is higher when compared to any other group of hospita-
lized patients. Although its etiology remains unclear, factors such as thromboembolic 
complications may play a role. Thromboembolic material, including that released from 
the surgery site, enters the bloodstream and then travels to the brain. The decrease in 
blood fl ow in the involved cerebral vessels may decrease cerebral oxygen saturation. 
Considering this, we decided to determine if the regional cerebral saturation monitored 
by near-infrared spectroscopy corresponds with readings of blood oxygen saturation 
monitored by pulse oximetry in patients who underwent primary total hip arthroplasty. 

A total of 20 patients scheduled for elective total hip arthroplasty were enrolled in the 
study. All orthopedic procedures were performed under spinal anesthesia and intrave-
nous sedation. Monitoring of regional cerebral oxygen saturation (rSO2) was carried out 
from the time of the initiation of spinal anesthesia until the end of the surgery, using 
the near-infrared spectroscopy method. In all, 15 patients were analyzed. 

Background and 

Study objective: 
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INTRODUCTION

The protection against hypoxemia is one of 
the main reasons why blood oxygen saturation 
is continuously monitored during anesthesia. We 
believe that when pulse oximetry remains within 
a normal range, the oxygenation of the patient’s 
body, including his or her brain, is also normal. 

The incidence of postoperative cognitive dys-
function (POCD) in patients after big joint arthro-
plasty varies from 16% to 45% [15], although it was 
reported [3] as high as 72% at six days and 30% 
at six months, postoperatively. These values are 
higher in comparison to any other group of hos-
pitalized patients [12]. Its etiology remains un-
clear. According to some authors [15,17], one fac-
tor which may contribute in the development of 
POCD is thromboembolic complications. Colonna 
et al. [2] concluded that the incidence of cerebral 
embolization after lower extremity arthroplasty 
was between 40% and 60%. A possible explana-
tion is that thromboembolic material, including 
that released from the surgery site, enters the 
bloodstream and then travels to the brain. The de-
crease in blood fl ow in the involved cerebral ves-
sels may lead to a decrease in oxygen delivery. As 
a result, oxygen saturation may be decreased. 

The objective of the study was to determine 
if the regional cerebral saturation monitored by 
near-infrared spectroscopy (NIRS) corresponds 
with readings of blood oxygen saturation moni-
tored by pulse oximetry in patients who under-
went primary total hip arthroplasty. 

MATERIAL AND METHODS

This project was designed as a prospective 
study. After commencement of the study, its de-
sign was not modifi ed. 

The protocol of the study was approved by the 
local ethical committee (ref: 31/WIM/2013), and 
written informed consent was obtained from all 
subjects. The study was conducted in the Depart-
ment of Orthopedics and Traumatology of the 
Military Institute of Medicine, Warsaw, Poland.

A total of 20 patients scheduled for elective to-
tal hip arthroplasty under spinal anesthesia were 
screened in the study. No control group was em-
ployed in the study design; preoperative values of 
the patients were considered as controls.

After the patients’ admittance to the operating 
theatre, monitoring that included heart rate (HR), 
blood pressure (BP), pulse oximetry (SpO2), and 
regional cerebral oxygen saturation (rSO2) was 
begun. These measurements were stopped at the 
end of the surgery. 

All the procedures were performed under spi-
nal anesthesia with a 0.5% solution of bupivacaine 
hydrochloride (Marcaine 0.5% Spinal, Astra, Swe-
den). A proper level of sedation was achieved with 
intravenously administered midazolam (Mida-
nium®; Polfa Warszawa S.A., Poland). Intravenous 
volume was maintained with infusion of crystal-
loid (Optilyte®; Fresenius Kabi Polska Sp. z o.o., 
Warszawa, Poland). 

The rSO2 was recorded with an INVOS Oxime-
ter 5100C (Somanetics, USA) and SomaSensor® 
(Covidien Ilc., USA) electrodes. The NIRS-based 
cerebral oximetry estimates rSO2 by transcuta-
neous measurement of the brain’s cortex using 
forehead probes. The device utilizes the process 
of spatial resolution via multiple detectors located 
at diff erent distances from the light emitter. The 
longer distance between the light emitter and the 
sensor, the deeper the tissue assessment is. An au-
tomated algorithm subtracts the more superfi cial 
reading from the deeper one. Regardless of their 
proprietary algorithms and calibration, the ma-
jor cerebral oximetry manufacturers all claim to 
measure cerebral tissue up to a maximum depth 
of 20–25 mm (circa 50% of the emitter-detector 
distance). For Covidien’s INVOS system, which uses 
wavelengths of 730 and 810 nm, it is 20 mm [11]. 

Heringlake et al. found that the median norma-
tive rSO2 measured with INVOS system was 66% [5].

Our primary outcome measures were: (i) com-
plete record of cerebral oxygen saturation of the 
patient, and (ii) measurements of blood oxygen 
saturation monitored by SpO2 at selected time 

We found the following: (1) rSO2 values decreased continuously over the surgery, and 
(2) rSO2 value changes were not related to mean arterial pressure variations or to he-
moglobin saturation as analyzed by pulse oximetry. 

blood pulse oximetry, regional cerebral oxygen saturation, primary hip arthroplastyKeywords:

Results 

and Conclusions: 
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Because the surgery was performed in diff er-
ent sequential stages, each procedure was di-
vided into ten equal periods. The analyzed data 
were averaged for each period. Because of the rel-
atively low number of patients in the study, non-
parametric tests were used. Variations in HR, BP, 
SpO2, and rSO2 were analyzed using the Wilcoxon 
signed rank test. The correlations were analyzed 
with Spearman rho. P < 0.05 was considered sta-
tistically signifi cant. 

RESULTS

Data were collected from June 2014 to Decem-
ber 2015. The trial ended after completion of the 
study protocol.

A total of 20 patients were assessed for eligibil-
ity. The patients’ fl ow in the project is shown in 
Fig. 1. Ultimately, data from 15 participants were 
analyzed.

There were 4 (26.67%) men and 11 (73.33%) 
women in the study group. Nine of the 15 patients 

points. Secondary measures were records of the 
HR and BP values of the participants. 

There were no changes in trial outcomes after 
the trial commenced. 

Sample size calculation. Because of the insuf-
fi cient number of published papers in this fi eld, 
sample size of the study was not determined. 

Randomization. The participants were enrolled 
by the authors of the study. There was only one 
group in the study design, and the same interven-
tion was applied to all participants; because of 
this, the participants were not randomized and 
allocated. 

Blinding. The study was not blinded. 
Statistical methods. The data were analyzed 

using R statistical software [13]. Demographic in-
formation (age, gender, height, and body mass), 
times of anesthesia and surgery, administered 
doses of local anesthetic, and levels of anesthesia 
were analyzed. In addition, HR and BP values at 
specifi c time points were analyzed with descrip-
tive statistics. 

Fig. 1.  The fl ow of the participants in the study.
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Similarly, no relation was shown between rSO2 
and SpO2 readings (P = 0.1679, 0.2825, 0.2816, 
0.7335, 0.8507, 0.8885, 0.3733, 0.566, 0.1504, and 
0.2317, respectively). 

We observed no signifi cant problems or unin-
tended side eff ects, including neurological com-
plications, in the patients participating in this 
study. 

DISCUSSION

We found that, in patients undergoing total hip 
arthroplasty, rSO2 values decreased continuously 
over the course of the surgery, and that changes in 
rSO2 values were not related to hemoglobin satu-
ration, as determined by SpO2. These are valuable 
observations which may suggest that intraopera-
tive monitoring of SpO2 does not protect patients 
against decreased cerebral saturation. Our results 
may be important in discussions on the mecha-
nism of embolic events in patients who undergo 
big joint arthroplasty. The decrease in rSO2 can 
result from a decrease in oxygen delivery to ar-
eas of the brain via vessels occluded with embolic 
material. This explanation may be supported by 
the increased serum concentration of the S100B 
protein, a biochemical marker of brain damage. 
An increased concentration of S100B protein was 
noted in patients after orthopedic surgery, includ-
ing big joint arthroplasty [7,14]. However, Soh et al. 
[16] suggest that the degree and duration of the 
decrease in perioperative rSO2 values were not 
associated with delirium in elderly patients after 
spinal surgery. Those results should be applied to 
our patients cautiously because of their diff erent 
positions during the surgery. According to Kato 
et al. [6], the position of the patient has an impact 
on the intraoperative readings of rSO2: the meas-
urements of rSO2 were signifi cantly lower when 

(60%) underwent cementless and 6 out of 15 
(40%) underwent cemented total hip arthroplasty. 
The mean age of the patients was 70 years (95% CI: 
65–75), mean height was 163 cm (95% CI: 158–169), 
and mean weight was 73 kg (95% CI: 65–81). 

The mean dose of 16.6 ± 1.5 mg (95% CI: 15.8–
17.4 mg) of 0.5% bupivacaine hydrochloride pro-
duced a spinal anesthesia to the 10 ± 1 (95% CI: 
9–10) thoracic dermatome. The time of the surgery 
varied from 70 to 130 minutes (95% CI: 83–101). 

The values of regional cerebral saturation de-
creased during the procedure. The precise read-
ings with their P values are presented in Table 1.

Tab. 1.  The values of regional cerebral oxygen 
saturation during the respective periods of 
the surgery. 

Analyzed 

time point
Median 95% CI P

T1 67 61–68 -

T2 66 60–67 0.0332

T3 64 58–65 0.0000

T4 61 58–65 0.0083

T5 62 56–64 0.0013

T6 62 55–64 0.0011

T7 63 55–64 0.0007

T8 63 55–64 0.0001

T9 61 55–64 0.0007

T10 57 54–62 0.0007

The P values were calculated in comparison to the rSO2 in T1 period. 

The values of hemodynamic parameters (HR, 
mean arterial pressure /MAP/) and SpO2 during 
the respective periods of the surgery are shown 
in Table 2.

Linear regression analysis showed no relation 
between rSO2 and MAP values intraoperatively (P 
values = 0.0899, 0.3425, 0.1857, 0.0802, 0.42, 0.876, 
0.3972, 0.848, 0.7181, and 0.9016, respectively). 

Time point

T1 T2 T3 T4 T5 T6 T7 T8 T9 T10

HR Median 72 79 78 72 70 70 68 68 67 64

95% CI 68–84 68–85 67–82 65–77 62–76 62–77 61–78 62–78 61–77 61–75

P* 1.0000 0.706 0.0423 0.0091 0.0134 0.0097 0.0028 0.0058 0.0083

MAP Median 118 99 94 93 90 88 90 88 88 91

95% CI 108–121 92–106 89–100 85–97 83–94 81–95 82–95 82–98 82–97 85–98

P* 0.0007 0.002 0.0011 0.0001 0.0013 0.0006 0.003 0.002 0.0021

SAT Median 96 99 99 99 99 99 100 99 100 100

95% CI 96–98 97–99 98–100 99–100 98–100 98–100 99–100 98–100 99–100 99–100

P* 0.0438 0.0017 0.002 0.0034 0.0018 0.0023 0.003 0.0021 0.0023

Tab. 2.  Values of hemodynamic and oxygenation parameters during the respective periods of the surgery. 

*in comparison to values in T1 time point
HR – heart rate (1/minute), MAP – mean arterial pressure (mmHg), SAT – pulse oximeter readings (%) 
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An important limitation of our study is the rela-
tively limited number of patients analyzed. The 
authors found no previous studies on changes 
in regional cerebral saturation in patients who 
underwent big joint arthroplasty. Therefore, the 
proper estimation of sample size was diffi  cult. 

Despite some limitations, our study may ex-
tend the knowledge on the relation between 
SpO2 and regional cerebral saturation in patients 
during big joint arthroplasty. The decrease in rSO2 
values may be one of the factors increasing the 
frequency of POCD in this group of patients. The 
threshold values for tissue desaturation-related 
brain injury remain unknown [1]. However, it is im-
portant to realize that stable intraoperative values 
of SpO2 do not protect against a decrease in rSO2. 
It may indicate that perioperative analysis of rSO2 
should become a part of standard monitoring, es-
pecially in patients scheduled for major surgical 
procedures or who are at risk of POCD. 

OTHER INFORMATION

The full protocol of the study is available in 
the Department of Anesthesiology and Intensive 
Therapy, Military Institute of Aviation Medicine, 
Warsaw, Poland. Funding was provided by Mili-
tary Institute of Medicine, Warsaw, Poland. 

measured in the upright as compared to the su-
pine position. 

The lack of correlation between changes in 
rSO2 and MAP values excludes the possibility that 
cerebral desaturation was produced by systemic 
hypoperfusion. In our study, we did not analyze 
the perioperative changes in hemoglobin concen-
tration; however, the patients’ hemoglobin con-
centrations before surgery were within normal 
limits. Some authors [8] suggest that hemoglobin 
concentration may be one factor that interferes 
with rSO2 measurements. However, McCredie et 
al. [10] found that, in patients with severe traumat-
ic brain injury, there were no measurable impacts 
of blood cell transfusion on rSO2 values in a con-
ventionally relevant range of anemia. 

We also found no changes between rSO2 and 
hemoglobin saturation when measured by SpO2. 
In patients who underwent surgical revasculariza-
tion of the coronary arteries, Harilall et al. [4] found 
that hemoglobin oxygen saturation was one of 
the predictors of cerebral oxygen desaturation. In 
our study, the values of SpO2 were stable, so the 
possible infl uence of intraoperative sedation with 
benzodiazepine on patients’ ventilation and res-
piratory mechanics may be excluded. 

A decrease in blood pressure during spinal an-
esthesia can result from a pre-ganglionic sympa-
thetic block. In such cases, intravenously adminis-
tered vasoactive drugs may restore and maintain 
the perfusion pressure. In our study, ephedrine 
was the fi rst-line drug. Koch et al. [9] discovered 
that ephedrine improves brain blood fl ow and tis-
sue oxygenation and may be more eff ective than 
phenylephrine at improving brain hemodynamics 
and oxygenation. Thus, we believe that we can 
omit the infl uence of vasomotor agents on brain 
saturation, mainly since we analyzed the relation-
ship between rSO2 and MAP.
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