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Abstract The aim of this study was to evaluate the
change in serum levels of C-reactive protein (CRP) in
patients with obstructive sleep apnea (OSA) before and
after expansion sphincter pharyngoplasty (ESP) and
continuous positive airway pressure (CPAP) treatment.
Fifty-one patients with newly diagnosed OSA were
prospectively enrolled in this study. We performed ESP
in twenty-three patients in the surgery group and twenty-
eight patients were included in the CPAP group. Serum
levels of high-sensitivity CRP (hs-CRP) were analyzed
by enzyme-linked immunosorbent assays before and
3 months after treatment. The relations between CRP
and the apnea hypopnea index (AHI), visual analog scale
(VAS), the Epworth Sleepiness Scale (ESS), and satu-
ration parameters were evaluated. Both surgical and
CPAP treatments caused significant improvements in the
clinical and laboratory parameters. However, only the
patients whose postoperative AHI levels improved to
final AHI of <5 (n = 6) after ESP, had significant
decrease in their serum CRP levels (p = 0.028). CPAP
group and the rest of the patients in the surgery group
did not show statistically significant difference in CRP
levels after treatment. We suggest that the successful
surgical treatment for OSA—ESP in this study—, which
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provides OSA cure, can decrease serum levels of CRP
and reduce possible cardiovascular morbidity.
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Introduction

Obstructive sleep apnea (OSA) is an important risk factor
for endothelial dysfunction and associated with cardiovas-
cular diseases [1, 2]. Systemic inflammation is one of the
main reasons of the cardiovascular morbidity and mortality
in patients with OSA [3]. C-reactive protein (CRP) is con-
sidered an important indicator of systemic inflammation that
can predict many cardiovascular diseases such as myocar-
dial infarction, stroke, coronary heart disease, atherosclero-
sis, and sudden cardiac death [4]. There are growing
published data demonstrating serum CRP levels are inde-
pendently correlated with the severity of OSA [5-7].
Known since 1930, CRP is, a kind of polypeptide, which
consists of five subunits and contains 206 amino acids,
encoded by the gene region on the first chromosome [8]. It
is synthesized by the liver cells in response to tissue
damage, infection and inflammation [9]. CRP not only
causes the expression of adhesion molecules from
endothelial cells, but also mediates low density lipoprotein
(LDL) to be taken in by macrophages. Moreover, it induces
monocytes for synthesis of tissue factor, which is a pow-
erful procoagulant substance. It may connect to activated
complement. All these effects contribute to endothelial
dysfunction [10-12]. There is a reliable evidence that CRP
directly reflects the severity of inflammation, thus, some
studies have demonstrated more significant findings that

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00405-016-4290-0&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s00405-016-4290-0&amp;domain=pdf

830

Eur Arch Otorhinolaryngol (2017) 274:829-836

CRP may predict cardiovascular risk at the specific serum
levels [13, 14]. Besides a strong association was detected
between serum CRP levels and cardiovascular disease,
patients with OSA had higher CRP levels, were noted [15].
Even in patients with no cardiovascular disease, CRP may
show the predicted risk for cardiovascular disease in
patients diagnosed with OSA.

In recent decades, the number of studies investigating
serum levels of inflammatory markers before and after
treatment in patients with OSA has gradually increased.
Besides CPAP treatment, the effect of surgical treatment on
systemic inflammation in OSA has been also examined
previously, however, the number of these studies is poor
[16, 17]. In parallel to developments in understanding the
inflammation component of OSA, surgical techniques for
treatment of OSA have evolved, too. Surgeons have
established new ways to find the most successful surgical
technique and still continue to try to find a radical solution
for treatment of OSA. Expansion sphincter pharyngoplasty
(ESP) is one of these new techniques which was first
described by Pang and Woodson [18]. Since its introduc-
tion 9 years ago, many authors have used and some mod-
ified the ESP technique and published their surgical results
[19-22]. The recent meta-analysis revealed that the overall
success rate of the ESP was 86.3 % and the ESP has been
shown to have significantly better clinical and statistical
outcome compared to other traditional pharyngoplasty
methods of treating OSA [23].

We hypothesized that if an OSA patient undergoes an
effective surgical therapy, as confirmed by postoperative
polysomnography, then the inflammatory process ought to
be interrupted as well. Based on this hypothesis, we aimed
to assess the effect of the ESP, which seems an objectively
effective and relatively new surgical technique for treat-
ment of OSA, on inflammatory process by evaluating the
serum levels of CRP.

Materials and methods
Subjects

Fifty-one patients with newly diagnosed OSA, who had no
history of previous OSA surgery or CPAP therapy, were
prospectively included in this study. The Ethical Com-
mittee of Ankara Kecioren Education and Research
Hospital approved the study protocol. All subjects were
advised CPAP as a first-line treatment choice. The patients
who could not tolerate or were unwilling to use CPAP were
evaluated for surgical treatment if suitable and indicated.
Only the patients undergoing ESP as a surgical treatment
modality were included in the surgery group. All subjects
were evaluated with a history review, a detailed
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otorhinolaryngologic examination, blood tests (liver
enzymes, glucose, renal functions, lipid levels, and thyroid
functions), electrocardiography, and chest radiography. We
excluded the subjects if they had any inflammatory disease,
chronic heart disease, pulmonary disease, rheumatological
disease, renal disease, diabetes mellitus, hypertension,
dyslipidemia, long-term use of medications, history of
OSA surgery, central sleep apnea predominance in
polysomnography, body mass index (BMI) >35 kg/cm?,
and age <18 or >65 years. As clinical indicators of OSA,
we used a visual analog scale (VAS) for the evaluation of
snoring and the Epworth Sleepiness Scale (ESS) to mea-
sure daytime sleepiness symptoms.

Surgical technique

The technique was performed as Pang and Woodson have
described [18, 24]. First, a bilateral tonsillectomy was
performed if the patient did not have a prior tonsillectomy.
The palatopharyngeus muscle was identified; its inferior
end was transected horizontally, rotated supero-laterally,
isolated inferior to superior direction by monopolar cau-
tery, and left with its superior part attached to the posterior
horizontal pharyngeal constrictor muscles. For the rotation
of the palatopharyngeus muscle, a tunnel was prepared
through an incision made on the anterior surface of soft
palate medial to the hamulus. The first suture for attach-
ment of the muscle was a submucosal, horizontal mattress
suture, and the second one was a vertical mattress suture to
the fibrous tissues. Finally, the anterior and posterior ton-
sillar pillars were then apposed with vicryl sutures.

Sleep study

The guidelines of the American Academy of Sleep Medicine
2012 was followed when performing and scoring
polysomnography (COMET AS40-Plus Amplifier System,
Grass Technologies, Astro-Med, Inc. Subsidiary, USA) [25].
Postoperative polysomnography was performed 3 months
after surgery in the surgery group. Also, we obtained the
3 months of data recorded during CPAP treatment period to
determine PAP compliance in the CPAP group (% days of at
least 4 hours in a day). The patients were excluded if they
could not present this data for any reason. Besides the apnea
hypopnea index (AHI), four important saturation parameters
were especially recorded: the lowest oxygen saturation
(minO,), the mean oxygen saturation (meanQO,), oxygen
desaturation index (ODI), and the percentage of sleep time
with SaO, below 90 % (SaO, <90). The definition of sur-
gical success was defined as: a >50 % reduction in AHI to a
final AHI of <20, <15, <10, and <5 events/hour [26]. An
OSA cure was defined as a postoperative AHI of fewer than
5 events/hour.
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High-sensitivity C-reactive protein

Blood samples were taken from the patients two times in
3-months period, between 8 and 9 am in the morning: (1)
before the surgery/CPAP treatment at baseline, (2) after the
surgery and at the end of the 3-month recording with the
PAP device. After blood was collected into tubes and
centrifuged at 3000 rpm for 10 minutes, the supernatant
serum was separated and then stored at —80 °C in the
laboratory until analysis. The levels of CRP were deter-
mined by enzyme-linked immunosorbent assays (ELISAs)
using the kit Human hs-CRP (DIA Source, Louvain-la-
Neuve, Belgium).

Statistical analysis

Statistical analyses were performed using SPSS for Win.-
Ver.15.0 (SPSS Inc., Chicago, IL., USA). The values were
expressed as mean(s) and standard deviation(s) (mean £ SD).
The Mann—Whitney U test was used for the comparison of
continuous variables between two independent groups and the
Wilcoxon test was used for the comparison of continuous
variables of dependent groups. Correlations between variables
were explored using the Spearman correlation test. Signifi-
cance was defined as p < 0.05.

Results

The surgery group and the CPAP group consisted of twenty-
three patients and twenty-eight patients, respectively. Of the
total fifty-one patients, forty-nine were male (96 %) and two
were female (4 %). The patients’ ages ranged from 22 to
64 years; the mean ages for the surgery and CPAP groups
were 37 £ 9.49 and 46.25 + 10, respectively. Except the

age difference (p = 0.003), no significant difference was
found between the two groups in terms of BMI, AHI, ESS
scores, VAS scores, serum levels of CRP, and saturation
parameters at baseline (all p > 0.05) (Table 1).

The mean AHI values in the surgery group before and
after treatment were 32.36 + 20.94 and
11.79 £ 11.05 events/hour, respectively, and this differ-
ence was statistically significant (p < 0.001). The mean
AHI values in the CPAP group at baseline and during
treatment were 35.75 £ 13.70 and 4.08 £ 3.28, respec-
tively, and the difference was also statistically significant
(p < 0.001). The AHI improved to fewer than 5 events/
hour in twenty-three patients with CPAP treatment
(82.1 %). The mean compliance was 40.9 %. Besides
improvements in AHI levels, both surgical and CPAP
treatments caused a significant decrease in the ESS scores,
VAS scores, ODI, minO,, and SaO, <90 levels. Also, the
surgical treatment significantly decreased the meanO,
levels (p = 0.041). No significant BMI changes were noted
after treatment in both groups (Table 2).

The criteria of surgical success, a >50 % reduction in
AHI to a final AHI of <20, <15, <10, and <5 as described
by Kezerian et al. [26], were noted in 16 (69.6 %), 15
(65.2 %), 10 (43.5 %), and 6 (26.1 %) patients, respec-
tively. When the change in serum CRP levels were eval-
uated according to this criteria, we found that the patients
whose AHI levels improved to final AHI of <5 showed a
significant decrease in serum CRP levels (p = 0.028).
When the success rates were adapted to final AHI of <15,
<10 and <5, the “p” values indicating the change of CRP
improved in parallel to these, but were not statistically
significant except “final AHI <5 form” (Table 3).

The improvement of CRP was somewhat provided by
CPAP treatment, but this was not statistically significant
(p = 0.151). The change in the ESS scores was positively

Table 1 Clinical features,

saturation parameters, and CRP Surgery (n = 23) (mean £ SD) CPAP (n = 28) (mean £ SD) )4

levels in the groups at baseline Age 37 + 9.49 46.25 + 10 0.003
BMI 27.94 £+ 3.15 28.64 +3.34 0.520
AHI 32.36 £ 20.94 35.75 £ 13.70 0.173
ESS 11.82 £ 5.62 12.67 £+ 6.06 0.563
VAS 9.30 £ 0.87 9.03 £+ 1.64 0.714
MeanO, 91.91 £+ 2.40 92.89 £ 1.31 0.285
Sa0, <90 11.96 &+ 15.46 13.46 + 17.84 0.904
ODI 32.77 £ 28 23.04 £+ 13.01 0.452
minO, 80.68 + 7.18 80.19 £ 5.58 0.468

hs-CRP (ng/ml)

79498.01 £ 70243.95

90260.36 + 61513.09 0.379

SD standard deviation, CPAP continuous positive airway pressure, BMI body mass index, AHI apnea
hypopnea index, ESS Epworth score, VAS visual analog scale score, minO, lowest oxygen saturation,
meanQO, mean oxygen saturation, ODI oxygen desaturation index, SaO, <90 percentage of sleep time with
Sa0, below 90 %, hs-CRP high-sensitivity C-reactive protein (ng/ml)

Significance was defined as p < 0.05
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Table 2

Clinical features, saturation parameters, and CRP levels in the groups before and after treatment

Surgery group (n = 23)

CPAP group (n = 28)

Pre-treatment Post-treatment

)4 Pre-treatment Post-treatment )4
(mean £ SD) (mean £ SD) (mean £ SD) (mean £ SD)
BMI 27.94 £ 3.15 27.53 £ 2.84 0.135 28.64 £ 3.34 28.61 + 3.38 0.876
AHI 32.36 £ 20.94 11.79 £ 11.05 <0.001 35.75 £ 13.70 4.08 £ 3.28 <0.001
ESS 11.82 £ 5.62 5.21 + 3.98 <0.001 12.67 £+ 6.06 6.28 + 4.28 <0.001
VAS 9.30 + 0.87 2.26 + 1.57 <0.001 9.03 + 1.64 34+ 1.56 <0.001
meanO, 91.91 £ 2.40 93.40 £ 1.59 0.041 92.89 £+ 1.31 92.29 £ 4.72 0.057
Sa0, <90 11.96 £ 15.46 3.18 £ 3.72 0.005 13.46 £+ 17.84 11.16 £ 18.94 0.016
ODI 32.77 £ 28 9.44 + 11.01 0.003 23.04 £ 13.01 10.14 £+ 9.62 0.001
minO, 80.68 + 7.18 85.62 + 3.87 0.020 80.19 + 5.58 83.86 + 5.11 0.002
hs-CRP (ng/  79498.01 £ 70243.95 84864.89 + 98687.95 0.394 90260.36 £+ 61513.09 66467.70 £ 56147.68 0.151
ml)

SD standard deviation, CPAP continuous positive airway pressure, BMI body mass index, AHI apnea hypopnea index, ESS Epworth score, VAS
visual analog scale score, minO, lowest oxygen saturation, meanO, mean oxygen saturation, ODI oxygen desaturation index, SaO, <90
percentage of sleep time with SaO, below 90 %, hs-CRP high-sensitivity C-reactive protein

Significance was defined as p < 0.05

Table 3 The different definitions of surgical success based on postoperative AHI levels

>50 % reduction in AHI to

Final AHI of <20 Final AHI of <15

Final AHI of <10 Final AHI of <5

Surgical success Successful ~ Non- Successful ~ Non- Successful ~ Non- Successful ~ Non-
(n = 16) successful (n = 15) successful (n = 10) successful (n=206) successful
n=17) (n=38) (n=13) (n=17)
p (change in CRP  0.234 0.612 0.281 0.889 0.059 0.65 0.028 0.868

by treatment)

AHI apnea hypopnea index, CRP C-reactive protein

correlated with the change of serum CRP levels in the
CPAP group (r = 0.374, p = 0.049). Also, in the surgery
group, the post-treatment serum CRP levels showed a
significant correlation with the post-treatment ESS scores
(r = 0.588, p = 0.003). The other significant correlations
can be seen in the Table 4.

We also divided the groups into two subgroups
according to whether BMI > or <28 kg/cm®. Although the
change of CRP levels in patients with BMI <28 decreased
more than those in BMI >28 in the surgery and CPAP
groups, these improvements were not statistically signifi-
cant (Table 5).

Discussion
In the pathogenesis of cardiovascular complications in
OSA, the systemic inflammation is considered as a key

factor [3]. This entity is thought to be arisen from inter-
mittent hypoxia that triggers the production of
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proinflammatory mediators [27]. An important circulating
factor of inflammation, CRP, is a valuable predictor for
future cardiovascular morbidity [28]. When serum CRP
levels were pharmacologically lowered, then cardiovascu-
lar risk was reduced, was shown in an interesting study
[29]. Many investigators reported increased serum levels of
CRP in patients with OSA and severity of OSA has been
shown to be associated with CRP levels [5, 6]. However,
some researchers did not identify CRP increase in OSA
[30, 31]. Although the relationship between CRP and OSA
is still controversial, overall evidence from studies shows
OSA is associated with increased CRP levels.

In the present study, we aimed to investigate the effect
of a relatively new surgical technique, ESP, on serum
levels of CRP in patients with OSA. We have used the
surgical success criteria as described by Kezerian et al.
[26]. Of the total twenty-three patients undergoing this
surgery, serum levels of CRP significantly decreased only
in the subgroup consisting six patients who well responded
to the surgery and had postoperative AHI of <5. However,
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::;;gv‘:: (T_h)e :Iﬁn;gz?;‘t]e +) Group Variable-1 Variable-2 Direction r P

correlations in the groups Surgery Pre AHI Pre minO, - 0.695 0.001
Surgery Pre ODI Pre AHI + 0.893 <0.001
Surgery Pre AHI Pre Sa0, <90 + 0.738 0.001
Surgery Post AHI Post SaO, <90 + 0.605 0.013
Surgery Post ODI Post AHI + 0.771 <0.001
Surgery Post AHI Post minO, — 0.602 0.014
Surgery Post ESS Post CRP + 0.588 0.003
Surgery Pre ODI Pre SaO, <90 + 0.759 0.001
Surgery Pre minO, Pre Sa0, <90 - 0.886 <0.001
Surgery Post minO, Post SaO, <90 — 0.555 0.032
Surgery Post ODI Post Sa0, <90 + 0.653 0.006
Surgery Pre minO, Pre ODI - 0.671 0.002
Surgery A AHI A Sa0, <90 + 0.622 0.018
Surgery A AHI A ODI + 0.868 <0.001
Surgery A AHI A minO, — 0.571 0.026
Surgery A meanO, A Sa0, <90 - 0.542 0.045
Surgery A ODI A Sa0, <90 + 0.684 0.007
CPAP Pre ODI Pre AHI + 0.490 0.011
CPAP Pre ESS Pre VAS + 0.421 0.026
CPAP Post ESS Post ODI + 0.619 0.003
CPAP Post ESS Post VAS + 0.695 <0.001
CPAP Post ODI Post VAS + 0.681 0.001
CPAP Post SaO, <90 Post VAS + 0.469 0.032
CPAP Post meanO, Post VAS — 0.474 0.030
CPAP Pre meanO, Pre minO, + 0.580 0.002
CPAP Post meanO, Post minO, + 0.682 0.001
CPAP Pre meanO, Pre SaO, <90 — 0.899 <0.001
CPAP Pre minO, Pre Sa0O, <90 — 0.736 <0.001
CPAP Post minO, Post SaO, <90 - 0.769 <0.001
CPAP Post ODI Post SaO, <90 + 0.545 0.011
CPAP Post meanO, Post SaO, <90 — 0.815 <0.001
CPAP A ESS A CRP + 0.374 0.049
CPAP A meanO, A Sa0, <90 — 0.599 0.007
CPAP A meanO, A minO, + 0.679 0.001
CPAP A minO, A Sa0, <90 - 0.562 0.012
CPAP A minO, A ODI - 0.469 0.037

Table 5 The change of
C-reactive protein according to
body mass index

AHI apnea hypopnea index, VAS visual analog scale, ESS Epworth score, pre pre-treatment, post post-
treatment, BMI body mass index, minO, lowest oxygen saturation, meanO, mean oxygen saturation, ODI
oxygen desaturation index, SaO, <90 percentage of sleep time with SaO, below 90 %, CRP C-reactive
protein, “A4” means the change of variable by treatment, r correlation coefficient (ranges for “r”; 0.00-0.25
weak, 0.25-0.70 moderate, >0.70 strong correlation)

Significance was defined as p < 0.05

Surgery group (n = 23) CPAP group (n = 28)

BMI <28
BMI >28

0.074 (n = 10)
0.753 (n = 13)

p (change in CRP by treatment) 0.182 (n = 12)

0.352 (n = 16)

CPAP continuous positive airway pressure, BMI body mass index
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the surgical treatment (ESP) with the overall success rate of
69.6 % in twenty-three patients did not make significant
change in CRP levels. The “p”-values indicating the
change of CRP were 0.028, 0.059, and 0.281, when the
success criteria adapted for postoperative AHI of <5, <10,
and <15, respectively. These statistical results showed that
the best successful surgical treatment caused a statistically
significant decrease and more successful surgery caused
better improvement in serum levels of CRP. We did not
observe significant CRP change in the rest of the surgery
group and in the CPAP group. However, the compliance of
the CPAP group was 40.9 % in this study and compliance
with CPAP is an important factor for improving levels of
inflammatory markers in patients with OSA [32]. Although
the rate of OSA cure in the CPAP group (82.1 %) was
higher than that in the surgery group (26.1 %), no signifi-
cant reduction was observed in serum levels of CRP in the
CPAP group. These results support the idea that compli-
ance with CPAP treatment may be more important than
improvement of AHI levels to decrease inflammation in
OSA. We evaluated the CRP concentrations 3 months after
the treatment, but there is no strong evidence about the
evaluation time of CRP after treatment. One of the recent
studies reported that hs-CRP levels were significantly
higher and neurocognitive functions were significantly
lower in the moderate to severe OSA group, but these
factors improved after 6-months CPAP treatment [33].

Our study results showed that initial levels of CRP and
change in serum levels of CRP were not correlated either
BMI or BMI change. In addition to this, when we divided
the groups into subgroups according to severity of BMI
(whether BMI > or <28 kg/cmz), we found that the
decrease in CRP levels in patients with BMI <28 was more
remarkable than those in BMI >28 in the surgery and
CPAP groups, but was not statistically significant. Another
point that should be taken into consideration, 3 months of
follow-up time is a relatively short time to allow a change
in BMI. According to some authors, the increase in serum
CRP levels occurs independent of body mass index [5, 34];
in contrast, some defends obesity is the main predisposing
factor for CRP increase [31, 35]. A remarkable study on
this issue demonstrated that serum CRP levels did not
correlate with the severity of OSA, however, only obese-
OSA group had increased CRP levels, and CRP was
independently associated with obesity [31]. In another
study, serum CRP levels in obese patients without OSA
was higher than in non-obese patients with OSA [36]. The
results from our study support that CRP and BMI are
independent variables in patients with OSA. However,
these results were obtained from the study population with
BMI <35 kg/cm? and cannot be an objective reflection of
obesity. The relationship between obesity and CRP will be
again the subject of further studies.
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One interesting finding from this study was the positive
correlation between the change in the ESS scores and the
change of serum CRP levels in the CPAP group. Also, the
post-surgical serum CRP levels showed a significant corre-
lation with the post-surgical ESS scores. These results may
be incidental, but are important to predict systemic inflam-
mation in patients with OSA by using the Epworth Scale.
Forthcoming studies may investigate this possible relation-
ship between CRP and ESS scores with larger study sample.

The surgical success rate of the ESP (69.5 %) can be
considered effective but was relatively lower compared to
recent meta-analysis. Some of the patients in the surgery
group without OSA cure (postoperative AHI >5) may
require for additional surgery due to multilevel obstruc-
tions. According to the study design, we included the
patients undergoing the ESP and evaluated the serum levels
of CRP after performing the ESP, but before future surgical
procedures. Since we observed a significant CRP change
after surgery in the patient subgroup with postoperative
AHI of <5, further studies may be designed according to
these results because higher success rate is needed to see an
improvement in CRP. In addition to this, any other surgical
technique for treatment of OSA, not only the ESP, might
also make a significant decrease in CRP levels when a
surgical treatment is able to provide OSA cure.

The main limitation of this study is the number of
patients undergoing ESP. When we assessed the surgery
group according to the success criteria described by Kez-
erian et al., the subgroups were supposed to consist of a
relatively lower number of patients. Before the study, no
power analysis was performed because the number of
subgroups would be defined based on the surgical success.
After the surgery, we defined the four subgroups according
to postoperative AHI levels as shown in Table 3 and cal-
culated the power. The statistical power was 81.2 % (a of
5 % corresponds to a 95 % confidence interval) when the
success criteria adapted for postoperative AHI of <5. This
power is also correlated with the “p”-value of 0.028 for six
patients in this subgroup that confirms successful surgical
treatment caused a statistically significant decrease in
serum levels of CRP. Due to the surgical availability,
defining the right indication for ESP and inclusion/exclu-
sion criteria, we finally included twenty-three patients in
this study in a 2-year period. To provide better power for
significance and present exact results of the surgical
treatment, further studies with large case series are needed.

Conclusion
More successful outcomes with the ESP significantly

decreased serum levels of CRP. In this study, CPAP ther-
apy with a low compliance could not make a significant
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difference on serum CRP levels. We suggest that the sur-
gical treatment for OSA, which reduces AHI to less than
5 events/hour (OSA cure), may decrease systemic inflam-
mation and reduce future cardiovascular diseases that can
be assessed through the serum levels of CRP.
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