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Breath-holding Test in the Prognosis of
Postoperative Pain in Laparoscopic Gynecology:
Observational Cohort Study

1Department of Anesthesiology, Kuban State Medical University, Krasnodar 350000, Russian Federation

Abstract:
Background: The problem of perioperative pain relief has not lost its relevance over the years. Studies have shown
that patients report moderate to severe pain after surgery, even after laparoscopy. In recent years, specialists have
focused on the role of baroreflex sensitivity in the functional state of the nociceptive and antinociceptive systems.
Studies  have  shown  that  a  test  with  maximum  breath-holding  during  inspiration  allows  for  a  non-invasive  and
accurate assessment of the functional state of the cardiorespiratory system, making it possible to identify a cohort of
patients with reduced baroreflex sensitivity

Objective: The aim of the study was to assess the relationship between the breath-holding test and postoperative
pain and to develop a model for predicting pain after laparoscopic gynecological surgery.

Methods: Data from 489 patients undergoing gynecological laparoscopy at the Clinic of the Kuban State Medical
University from August 2019 to September 2023 were analyzed.

Results:  Severe  postoperative  pain  was  reported  in  146  patients  (29.9%).  The  duration  of  breath-holding  was
statistically significantly correlated with NRS upon admission to the PACU at all time points of the study (from -0,15
to -0,21). Logistic regression showed that the Generalized Anxiety Disorder scale score, Pain Catastrophizing Scale
score,  duration  of  surgery,  Breath-holding  duration,  and  endometriosis  surgery  influenced  the  risk  of  severe
postoperative  pain  (NRS  7-10)  (AUROC  0,809).

Conclusion:  The  breath-holding  test,  along  with  other  factors,  may  be  useful  in  assessing  the  risk  of  severe
postoperative pain after laparoscopic gynecology.
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1. INTRODUCTION
The problem of perioperative pain relief has not lost its

relevance  over  the  years.  Studies  have  shown  that
between 30% and up to 80% of patients report moderate
to severe pain in the days after surgery [1]. The evolution
of  minimally  invasive  methods  in  surgery,  including  for
diagnosis and treatment, has led to a sharp and significant
change  in  surgical  practice  in  treating  various  types  of

diseases  [2,  3].  Minimally  invasive  surgery,  including
laparoscopic surgery, has become widely accepted and has
partly  replaced  traditional  laparotomic  surgical
procedures  in  the  treatment  of  various  types  of  benign
gynecological diseases [4].

Minimally invasive surgery, including gynecology, has
a number of advantages, such as a significant reduction in
surgical  trauma,  less  severe  pain  associated  with  a
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postoperative  wound,  less  use  of  systemic  analgesics,
better  cosmetic  results,  shorter  hospital  stay,  shorter
recovery  time  and  earlier  return  to  daily  activities  and
work  compared  to  laparotomy  [5,  6].  Despite  these
benefits,  up  to  80%  of  patients  (35%  to  80%)  still
experience  severe  pain  after  laparoscopic  gynecologic
surgery  and  require  pain  relief  for  mild  to  excruciating
discomfort  [7].  Pain  syndrome  after  laparoscopic
procedures has a specific pathophysiological mechanism,
including inflammatory changes associated with surgical
trauma  and  skin  incision  and  morphological  and
biochemical  changes  in  the  peritoneum  and  diaphragm
associated with pneumoperitoneum.

In  recent  years,  great  interest  among specialists  has
been  focused  on  the  role  of  baroreflex  sensitivity  in  the
functional  state  of  the  nociceptive  and  antinociceptive
systems. Increasing evidence suggests that baroreflex arc
pathways also project to key central nervous system (CNS)
that  regulate  somatosensory,  somatomotor,  and  CNS

arousal.  In  addition  to  maintaining  autonomic  homeo-
stasis,  baroreceptor  activity  modulates  pain  perception
and neuroimmune, neuroendocrine, and cognitive respon-
ses  to  physical  and  psychological  stressors  [8].  The
progression of chronic concomitant diseases is invariably
accompanied by impaired baroreflex sensitivity (BRS) [9].
In recent years, leading researchers have shown increas-
ing  interest  in  determining  the  role  of  this  factor  in
assessing the risk of unfavorable outcomes of the disease
and the perioperative period [10-12]. Studies have shown
that a test  with maximum breath-holding during inspira-
tion allows for a non-invasive and accurate assessment of
the  functional  state  of  the  cardiorespiratory  system,
making  it  possible  to  identify  a  cohort  of  patients  with
reduced baroreflex sensitivity [13].

The study aimed to assess the relationship between the
breath-holding test and postoperative pain and to develop
a model  for  predicting  pain  after  laparoscopic  gynecolo-
gical surgery.

Fig. (1). Study diagram. Flow chart outlining patient enrolment.
Note: NRS - numeric rating scale.
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2. METHODOLOGY
We used a cohort study design to identify risk factors

for the development of severe postoperative pain and the
role  of  the  breath-holding  test  in  predicting  pain  after
laparoscopic  gynecology.

Data  from  489  patients  undergoing  gynecological
laparoscopy  at  the  Clinic  of  the  Kuban  State  Medical
University  from  August  2019  to  September  2023  were
analyzed.  Preoperatively,  upon  examination  by  the
anesthesiologist,  patients  were sequentially  assessed for
inclusion  in  the  study  and,  in  the  absence  of  exclusion
criteria,  were  included  in  the  study.  Patients  were
followed  up  until  postoperative  day  2.  This  prospective
clinical  observational  study  was  conducted  according  to
the  guidelines  of  the  Declaration  of  Helsinki  and  was
approved by the Local Ethics Committee in Kuban Medical
University  (No.  76  from  29.03.2019);  patients  signed
informed voluntary consent before the recruitment to the
study.

2.1. Inclusion Criteria and Patient’s Enrollment
All patients over the age of 18 years and undergoing

laparoscopic  gynecological  surgery  were  assessed  for
inclusion  in  the  study.

The  exclusion  criteria  were  incapacity  to  provide
consent,  emergency  surgery,  conversion  to  laparotomy,
chronic  substance  use,  history  of  psychiatric  disease,
pregnancy  or  lactation,  severe  chronic  obstructive
pulmonary disease, and body mass index of more than 30
kg/m2.

A  total  of  546  subjects  were  eligible,  of  whom  498
(91%)  agreed  to  participate  (Fig.  1).  There  were  9  (2%)
drop-outs  for  various  reasons:  postoperative  ventilatory
support  (n=3),  complications  followed  by  a  second
operation  (n=4),  and  conversion  to  laparotomy  (n=2).
There  were  no  missing  data  in  outcomes  and  registered
variables.

2.2. Preoperative Evaluation
The  preoperative  survey  included  questions  about

demographic information, including age, race, education,
and marital status. It also asked questions about patients’
medical and surgical history, preoperative pain medication
use, baseline pain, and expected pain after surgery (on a
0-10  numeric  rating  scale  (NRS)).  Lastly,  all  patients
completed 3 validated instruments to measure depression
(Patient  Health  Questionnaire  (PHQ-9)  [14]),  anxiety
(Generalized Anxiety Disorder 7-item scale (GAD7) [15]),
and  pain  catastrophizing  (Pain  Catastrophizing  Scale
(PCS)  [16]).

2.3. Breath-holding Test
The  breath-holding  test  was  performed  as  follows:

voluntary  breath-holding  duration  was  assessed  three
times, with 10-minute intervals. After the deep inspiration
of  a  volume equal  to  approximately  2/3  of  the  vital  lung
capacity,  the participant was asked to hold their  breath,
and the duration of voluntary apnoea was measured from

the  beginning  of  the  voluntary  inspiration  until  reflex
contractions of the diaphragm were noted by palpation. A
mean  value  of  the  duration  of  the  three  samples  was
calculated.

2.4. Anesthesia and Pain Management
All  patients  underwent  standard  induction  of

anesthesia  (propofol,  fentanil,  and  rocuronium)  and
orotracheal  intubation.  Anesthesia  was  maintained  with
4–6% desflurane (with the control of end-tidal anesthetic
concentration)  in  air/oxygen  (total  flow,  0,5-1  L/min)  to
maintain a bispectral index between 40 and 60. Ventilation
was controlled mechanically and adjusted to maintain an
end-tidal carbon dioxide value between 30 and 40 mmHg
throughout  the  surgery.  Additional  rocuronium  and
fentanyl were administered, as required. Laparoscopy was
performed under video guidance, with three punctures in
the abdomen. The trocar sites were pre-infiltrated with a
0.5%  ropivacaine  solution.  The  intraperitoneal  pressure
was  maintained  at  approximately  12  mmHg.  To  prevent
postoperative nausea and vomiting, all patients received 5
mg  intravenous  dexamethasone  at  the  beginning  of
surgery and 75 μg intravenous ondansetron at the end of
surgery.  For  postoperative  pain  control,  multimodal
analgesia,  consisting of intravenous acetaminophen (500
mg)  and  ketorolac  (30  mg),  was  administered  30  min
before  the  end  of  surgery  according  to  the  national
guidelines for postoperative pain management [17].  PCA
was  carried  out  by  administering  0.1%  morphine  in
boluses  of  2  ml  with  a  lockout  of  5  minutes  without  any
background infusion. PCA was started upon admission to
the recovery room and stopped after the second-day visit,
24 hours after the end of surgery.

2.5. Study Outcomes and Time Points
Patients were assessed for NRS pain scores at the next

time points:  at  the  PACU (NRS-PACU),  after  15  minutes
(NRS  15  min),  after  30  minutes  (NRS  30  min),  at  a
discharge from PACU (NRS ward), after 6 hours (NRS 6h)
and  at  a  study  visit  on  the  first  postoperative  day  (NRS
D2).  Severe  postoperative  pain  was  stated  if  a  pain
corresponding  to  7  or  more  points  according  to  NRS  at
any  time  point  was  registered  [18].  PCA  therapy  was
ceased  at  postoperative  day  2,  and  data  on  morphine
consumption  at  1  hour,  6  hours,  and  24  hours
postoperatively were extracted. To reduce the likelihood of
biased assessment of postoperative pain, its determination
was  made  by  a  specialist  not  involved  in  monitoring
patients  and  prescribing  medications.

2.6. Statistical Analysis
Based  on  planning  for  the  inclusion  of  up  to  5  risk

factors  in  the  final  prognostic  model  and  a  severe
postoperative  pain  rate  of  30%,  the  required  number  of
patients  wasapproximately  500  patients.  To  assess  the
nature  of  the  distribution,  the  Kolmogorov-Smirnov  test
was  used.  Data  are  presented  as  means,  medians,  and
interquartile ranges. Categorical data were analyzed with
Fisher’s  exact  test  or  χ2  test,  and  risk  estimates  were
calculated using odds ratio and 95% confidence intervals
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Table 1. Preoperative characteristics of the study cohort.

Parameter All Patients
(n=489) Severe Pain (n=146) Low/moderate Pain

(n=343) p

Age 36
(30-45)

35
(32-45)

36
(31-47) 0.454

Weight (kg) 63
(56-74)

61
(52-73)

64
(51-72) 0.210

BMI (kg/m2) 26
(24-29)

25
(22-28)

26
(24-29) 0.45

ASA score 1 (1-1) 1 (1-1) 1 (1-1) 0.85
Breath-holding test (sec) 42 (36-48) 39 (31-44) 44 (38-49) <0.0001

PHQ-9 2 (2-3) 2 (2-3) 2 (1-3) 0.0310
GAD7 2 (2-3) 2 (0-6) 2 (0-3) 0.0024
PSC 11 (7-12) 11 (9-15) 10 (7-12) 0.0002

Preoperative NRS 1 (1-2) 1 (1-2) 1 (1-2) 0.25
Operation time 50 (30-75) 60 40-90) 45 (30-65) <0.0001

Surgical Procedure
Hysterectomy 150 28 122 0,0003

Endometriosis surgery 112 72 40 <0,0001
Adnexectomy 78 13 65 0,026

Diagnostic laparoscopy 65 11 54 0,016
Myoma enucleation 50 12 38 0,32

Other 34 10 24 0,95

Table 2. Relationship between breath-holding duration and postoperative pain.

Time Point Correlation Coefficient CI95% p

NRS-PACU -0,18 -0,26 - -0,10 <0,0001
NRS 15 min -0,18 -0,26 - -0,10 <0,0001
NRS 30 min -0,18 -0,26- -0,09 <0,0001
NRS ward -0,15 -0,223- -0,06 0,0007

NRS 6h -0,18 -0,27 - -0,09 <0,0001
NRS D2 -0,21 -0,30 – 0,13 <0,0001

Note: NRS-PACU - at the PACU, NRS 15 min - 15 minutes after admitting to the PACU, NRS 30 min - 30 minutes after admitting to the PACU, NRS ward - at a
discharge from PACU to the ward, NRS 6h - 6 hours after surgery, NRS D2 - at a study visit on the first postoperative day.

Fig. (2). Predictive value of the breath-holding test.
Note: AUC-area under the ROC curve.
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(CIs).  Continuous  variables  were  assessed  with  the
Mann–Whitney  U  test.  Repeated  measures  analysis  of
variance  (ANOVA)  was  used  to  determine  differences  in
pain  severity  across  time points.  Spearman's  correlation
coefficient  was  used  to  assess  the  association  of  factors
with pain severity. Logistic regression analysis was used
to  identify  predictors  of  severe  pain.  The  abilities  of  a
model  to  predict  severe  acute  pain  (NRS  7–10)  were
measured using ROC analysis. Cut-off values used for the
calculation  of  sensitivity  and  specificity  were  calculated
based on goodness of fit (highest combined sensitivity and
specificity).

3. RESULTS
A total of 489 patients were included in the analysis.

Severe  postoperative  pain  was  reported  in  146  patients
(29.9%).  Preoperative  parameters  for  the  study  groups
and the structure of surgical interventions are presented
in Table 1.

The  duration  of  the  breath-holding  test  was
statistically  significantly  lower  in  patients  with  severe
postoperative  pain.  Also,  its  duration  was  statistically
significantly  correlated  with  NRS upon  admission  to  the
PACU at all time points of the study (Table 2).

However, ROC analysis showed that the breath-holding
test alone has insufficient predictive value (Fig. 2).

The  logistic  regression  performed  allowed  us  to
identify factors influencing the risk of developing severe
postoperative  pain.  These  include  the  duration  of  the
breath-holding test, scores on the PSC and GAD7 scales,
the  duration  of  the  surgery,  and  the  type  of  operation  -
endometriosis  surgery.  Table  3  shows  the  logistic
regression  equation  (Nagelkerke  R2  0.37).

The Hosmer–Lemeshow test showed a goodness of fit
for  the  logistic  regression  model  (Chi-squared  5.4,  P  =
0.7110). ROC analysis showed a good prognostic value for
the  model  (area  under  the  ROC  curve  (AUC)  0.809,
standard  error  0.022,  95%  confidence  interval  0.771  to
0.842). ROC are shown in Fig. (3).

The  cut-off  point  was  >39,1%  for  the  risk  of  severe
postoperative  pain  (sensitivity  62,33%  and  specificity
87,76%).

Retrospectively, all  patients in the study cohort were
divided into two groups according to the developed model
-  patients  with  a  high  (>39.1%)  and  low  risk  (39.1%  or
less)  of  severe  postoperative  pain.  The  proportion  of
patients  with  NRS  7  or  more  was  15.4%  in  the  low-risk
group and 68.4% (<0.0001) in the high-risk group (Fig. 4).

Table 3. Logistic regression equation for the model.

Variable Coefficient Std. Error P Odds ratio 95% CI

PSC score 0,087674 0,023757 0,0002 1,0916 1,0420 -1,1437
GAD7 score 0,10992 0,030379 0,0003 1,1162 1,0517 - 1,1847

Duration of surgery, min 0,010172 0,0033701 0,0025 1,0102 1,0036 - 1,0169
Breath-holding test, sec -0,050749 0,011806 <0,0001 0,9505 0,9288 - 0,9728
Endometriosis surgery 1,88334 0,26565 <0,0001 6,5754 3,9066 - 11,0675

Constant -1,25155 0,59075 0,0341 - -

Fig. (3). Receiver operating characteristic curve for the model in the prognosis of severe postoperative pain.
Note: AUC-area under the ROC curve.
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Fig. (4). Number of patients with severe postoperative pain in the high and low-risk group.

Table 4. Postoperative pain level in the low-risk and high-risk group.

- All Patients Low-risk Group High-risk Group -

Time point Mean Median 95% CI for median Mean Median 95% CI for median Mean Median 95% CI for median Р between two groups
NRS-PACU 4,39 4 3-4 3,75 3 3-3 6,12 6 6-7 <0,0001
NRS 15 min 4,79 4 4-4 4,14 4 4-4 6,55 7 6-7 <0,0001
NRS 30 min 4,51 4 4-4 3,99 4 3-4 5,90 6 5-7 <0,0001
NRS ward 3,72 3 3-4 3,29 3 3-3 4,87 5 5-5 <0,0001

NRS 6h 2,98 3 2-3 2,62 2 2-2 3,94 4 4-4 <0,0001
NRS D2 2,43 2 2-2 2,16 2 2-2 3,18 3 3-3 <0,0001

Note: NRS-PACU - at the PACU, NRS 15 min - 15 minutes after admitting to the PACU, NRS 30 min - 30 minutes after admitting to the PACU, NRS ward - at a
discharge from PACU to the ward, NRS 6h - 6 hours after surgery, NRS D2 - at a study visit on the first postoperative day.

High-risk  and  low-risk  patients  were  different  in  GAD7
(2(2-4)  vs.  2  (2-2),  p<0.0001),  PSC  (12  (10-17)  vs.  11
(8-12), p<0.0001), breath-holding duration (44 (43-47) sec
vs.  38 (35-40) sec, p<0.0001), duration of procedure (45
(30-55)  min  vs.  65  (50-75)  min,  p<0.0001)  and
endometriosis  rate  (18%  vs.  35%,  p<0.0001).  PHQ-9  (2
(2-2) vs. 2(2-2), p=0.26), preoperative pain ((1 (1-2) vs. 1
(1-2)  and  age  (35  (31-44)  vs.  36  (32-46),  p=0.47)  were
comparable between high-risk and low-risk groups.

Pain  levels  also  varied  between  groups.  At  all  time
points, the NRS score was statistically significantly higher
in the high-risk group (Table 4).

Median morphine consumption at 1 h postoperatively
was  5,5  mg  (3,9–8,7)  in  the  low-risk  group  and  7.4  mg
(5.1–10.1) in the high-risk group (p = 0.006) and was also
significantly  different  at  6  h  (11.2  (8.3–18.0)  vs.  17.0

(10.2–24.7)  mg;  p  =  0.001)  and  on  postoperative  day  2
(19.0  (11.0–30.1)  vs.  26.0  (17.0–38.2)  mg;  p  =  0.003),
respectively.

4. DISCUSSION
Our  data  indicate  that  the  incidence  of  severe

postoperative  pain  is  29.9%  in  laparoscopic  gynecology,
while the duration of the breath-holding test has a certain
prognostic value in assessing the risk of its development
and, along with other predictors, can be useful in clinical
practice.

Although minimally invasive surgery has traditionally
been  presented  as  an  area  with  less  postoperative  pain,
this  is  not  always  true.  As  shown  by  a  study  by
Gerbershagen  et  al.  [18],  laparoscopic  gynecological
surgery was associated with a relatively high level of pain
(median  NRS  5  (3-7))  and  a  high  need  for  opioids,
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practically  not  inferior  to the pain after  open operations
and  exceeding  the  pain  from,  for  example,  open  right
hemicolectomy. Also, laparoscopic gynecological surgeries
have  been  associated  with  more  pain  than  laparoscopic
surgical  procedures  (e.g.,  cholecystectomy).  In  addition,
pain  after  laparoscopic  surgery  is  often  underestimated,
and  in  this  category  of  patients,  opioids  are  used  much
less  frequently  for  the  treatment  of  postoperative  pain.
Previous  studies  have  shown  that  risk  factors  include
female gender, young age, and preoperative pain [20-22],
which partly explains the authors' findings. However, even
within  this  population,  the  pattern  of  postoperative  pain
severity  is  varied,  and  there  are  other  factors  that
influence  its  intensity.  Our  study  showed  that  pain  is
relatively  high  in  laparoscopic  gynecology,  even  despite
the use of opioids. The median NRS in the overall group
was  4  (2-6)  on  admission  to  the  PACU,  which  is  slightly
less than in the study by Gerbershagen HJ et al. [18] and is
explained  by  the  variety  of  procedures  in  our  research.
High-risk patients had higher pain intensity at comparable
ages and preoperative pain levels.

The type of surgical intervention, as indicated above,
was often identified as a predictor of severe postoperative
pain.  In  our  study,  the  type  of  laparoscopic  gynecology
was  included  in  the  regression  model,  and  only
endometriosis  surgery  had  a  significant  effect  on
postoperative  pain.  This  fact  can  hardly  be  considered
surprising;  endometriosis  is  a  complex  disease  that  is
often associated with pain, including chronic pain. This is
a common gynecological disease with an incidence of up to
10% in fertile women. Its development is associated with
the presence of  endometrium outside the uterine cavity;
the disease has its own characteristic neuroendocrine and
inflammatory features [23, 24]. The pattern following from
our results is different from the data obtained by Kanellos
et al. [25], who concluded that it is preoperative pain, and
not  endometriosis  itself,  that  increases  the  severity  of
postoperative pain. Van Aken et al. [26], however, believe
that the pathogenesis of pain in endometriosis has its own
specifics, and women suffering from this disease are less
tolerant of painful sensations in the pelvic area, which may
be the  reason for  more  severe  pain  in  the  postoperative
period.  Length  of  surgery  has  also  been  identified  as  a
predictor of severe postoperative pain. An increase in pain
over  time  may  be  due  to  greater  trauma,  as  well  as  the
influence of infiltration anesthesia, the effect of which is
limited  in  time.  Suragul  et  al.  showed  that  the  effect  of
local anesthesia at trocar sites is significantly reduced if
the duration of anesthesia exceeds 2 hours [27].

The  role  of  psycho-emotional  factors  in  the  severity  of
postoperative  pain  plays  a  significant  role  in  gynecology.
There  were  significant  correlations  between  baseline  pain
and psychological measures of distress pre-operatively [28].
Wong  et  al.  also  found  that  the  PHQ-9,  GAD-7,  and  PCS
scales are associated with the severity of postoperative pain
[29]. Catastrophizing pain is often a factor not only in severe
postoperative pain but also a predictor of the transition from
acute  pain  to  chronic  pain  in  various  areas  of  surgery,
including gynecology [30-32]. In our study, only GAD-7 and
PCS were associated with pain. These data suggest that the

psychoemotional  component  of  pain  is  an  important  factor
and a potential target for multimodal analgesia methods used
in the perioperative period.

To our knowledge from the literature review, this is the
first study to evaluate the ability of the breath-holding test to
determine the risk of postoperative pain, and it showed that
the  duration  of  the  breath-holding  test  is  negatively
correlated  with  pain  severity.

The  role  of  baroreflex  blood  pressure  control  in
perioperative  outcomes  has  recently  received  much
attention. Baroreflex dysfunction before surgery is detected
quite  often,  especially  in  patients  with  a  number  of
concomitant  cardiac  and  respiratory  diseases,  such  as
hypertension [33], diabetes [34], carotid atherosclerosis [35,
36], obesity [37], in smokers [38], high alcohol consumption
[39] and obstructive sleep apnea [40]. Baroreflex dysfunction
and autonomic nervous system imbalance modulate local and
systemic inflammatory processes in animal experiments [41].
Autonomic regulation of inflammatory mediators acts directly
on nociceptors  or  indirectly  on sympathetic  nerve endings,
producing  and  releasing  inflammatory  substances  that
contribute to pain perception [42]. In addition, afferent pain
signaling  may  directly  modulate  other  components  of
inflammation, including plasma extravasation and neutrophil
function, which are modulated by vagal afferent activity [43].
The  role  of  the  sympathetic  nervous  system  in  the
development of hyperalgesia has also been demonstrated in
humans [44]. Several clinical studies have demonstrated the
role  of  baroreflex  sensitivity  on  pain  severity.  Thus,  a
prospective study found that  low baroreflex sensitivity  was
associated with a higher NRS score in the first 6 weeks after
hand  surgery  [45].  There  is  also  work  indicating  that
preoperative resting blood pressure and, presumably, arterial
baroreflex  sensitivity  is  associated  with  the  intensity  of
postoperative  pain  at  24  hours  and  48  hours  after
prostatectomy  and  after  cesarean  section  [46,  47].  The
relationship between the baroreflex and pain is discussed in
more  detail  in  the  review  by  Suarez-Roca  H  et  al.  [8].  As
fundamental  research  has  shown,  the  breath-holding  test
reflects the sensitivity of the baroreflex [13], which explains
the patterns obtained in our study.

Limitations.  The  breath-holding  test  is  a  surrogate
marker of the functional state of the reflex regulation of the
cardiorespiratory  system  and  may  also  reflect  the  psycho-
emotional state of patients. However, in the present work, it
was shown to be a factor independently influencing the level
of pain. Secondly, the study was conducted at a single center,
and anesthesia was provided by different specialists whose
contribution  was  not  assessed,  and  these  results  need
external  validation.  The  obtained  patterns  reflect  the
characteristics  of  postoperative  pain  syndrome  in
laparoscopic gynecology. For open operations, the analgesia
strategy  may  be  different,  as  well  as  the  duration  of  the
operation.  On  the  other  hand,  laparoscopic  operations  in
other  areas  of  surgery  may  also  have  characteristics
associated with the nature of the underlying disease, gender,
and age characteristics.

CONCLUSION
The breath-holding test, along with other factors, may be

useful in assessing the risk of severe postoperative pain after
laparoscopic gynecology. Factors such as the duration of the
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operation, endometriosis surgery, the degree of inclusion of
emotional and behavioral components in the structure of the
pain  syndrome  according  to  the  pain  catastrophizing  scale
and  anxiety,  which  we  determined  using  the  GAD-7  scale,
also contribute to the development of severe pain.

LIST OF ABBREVIATIONS

AUC = Area under the curve
PACU = Post-anesthesia care unit
ROC = Receiver Operator Characteristic
GAD-7 = Generalized Anxiety Disorder 7-item scale
NRS = Numerical Rating Scale
PCS = Pain Catastrophizing Scale
PHQ-9 = Patient Health Questionnaire
CNS = Central Nervous System
BRS = Baroreflex Sensitivity

ETHICS  APPROVAL  AND  CONSENT  TO
PARTICIPATE

This  prospective  observational  study  was  conducted
after receiving approval from the local ethics Committee
at Kuban Medical University (No. 76 from 29.03.2019).

HUMAN AND ANIMAL RIGHTS
No animals were used in this research. All procedures

performed in studies involving human participants were in
accordance  with  the  ethical  standards  of  institutional
and/or research committees and with the 1975 Declaration
of Helsinki, as revised in 2013.

CONSENT FOR PUBLICATION
Written  informed  consent  was  obtained  from  the

patients.

STANDARDS OF REPORTING
STROBE guidelines were followed.

AVAILABILITY OF DATA AND MATERIALS
The datasets used and/or analyzed during the current

study are available from the corresponding author [T.N.]
upon reasonable request.

FUNDING
None.

CONFLICT OF INTEREST
The authors declare no conflict of interest, financial or

otherwise.

ACKNOWLEDGEMENTS
Declared none.

REFERENCES
Meissner  W,  Zaslansky  R.  A  survey  of  postoperative  pain[1]
treatments  and  unmet  needs.  Baillieres  Best  Pract  Res  Clin
Anaesthesiol  2019;  33(3):  269-86.
http://dx.doi.org/10.1016/j.bpa.2019.10.003 PMID: 31785713

Horng HC, Tsui KH, Wang PH. The powerful hemostatic devices[2]
are one of the milestones for successful laparoscopic surgery. J
Chin Med Assoc 2018; 81(2): 92-3.
http://dx.doi.org/10.1016/j.jcma.2017.06.008 PMID: 28729069
Moon HS, Shim JE, Lee SR, Jeong K. The comparison of robotic[3]
single-site surgery to single-port laparoendoscopic surgery for the
treatment of advanced-stage endometriosis. J Laparoendosc Adv
Surg Tech A 2018; 28(12): 1483-8.
http://dx.doi.org/10.1089/lap.2018.0118 PMID: 29932792
Fong YF, Hon SK, Low LL, Lim Mei Xian K. The clinical profile of[4]
young  and  adolescent  women  with  laparoscopically  diagnosed
endometriosis  in a Singapore tertiary hospital.  Taiwan J  Obstet
Gynecol 2017; 56(2): 181-3.
http://dx.doi.org/10.1016/j.tjog.2016.07.013 PMID: 28420504
Chen PL, Lin HH, Hsiao SM. Predictors of subsequent pregnancy[5]
in  women  who  underwent  laparoscopic  cornuostomy  or
laparoscopic  wedge  resection  for  interstitial  pregnancy.  J  Chin
Med Assoc 2019; 82(2): 138-42.
http://dx.doi.org/10.1097/JCMA.0000000000000016  PMID:
30839505
Nezhat C, Zurawin RK. Development and history of morcellators.[6]
Curr Opin Obstet Gynecol 2018; 30(1): 65-8.
http://dx.doi.org/10.1097/GCO.0000000000000425  PMID:
29232258
Sao  CH,  Chan-Tiopianco  M,  Chung  KC,  et  al.  Pain  after[7]
laparoscopic surgery. J Chin Med Assoc 2019; 82(11): 819-26.
http://dx.doi.org/10.1097/JCMA.0000000000000190  PMID:
31517775
Suarez-Roca H, Klinger RY, Podgoreanu MV, et al. Contribution of[8]
Baroreceptor  Function  to  Pain  Perception  and  Perioperative
Outcomes.  Anesthesiology  2019;  130(4):  634-50.
http://dx.doi.org/10.1097/ALN.0000000000002510  PMID:
30418212
Kaufmann  H,  Norcliffe-Kaufmann  L,  Palma  JA.  Baroreflex[9]
Dysfunction. N Engl J Med 2020; 382(2): 163-78.
http://dx.doi.org/10.1056/NEJMra1509723 PMID: 31914243
Parati G, Ochoa JE. Prognostic value of baroreflex sensitivity in[10]
heart failure.  A 2018 reappraisal.  Eur J  Heart Fail  2019; 21(1):
59-62.
http://dx.doi.org/10.1002/ejhf.1334 PMID: 30468274
Nasr N, Gaio R, Czosnyka M, et al. Baroreflex Impairment After[11]
Subarachnoid  Hemorrhage  Is  Associated  With  Unfavorable
Outcome.  Stroke  2018;  49(7):  1632-8.
http://dx.doi.org/10.1161/STROKEAHA.118.020729  PMID:
29866757
Tang S, Xiong L, Fan Y, Mok VCT, Wong KS, Leung TW. Stroke[12]
outcome  prediction  by  blood  pressure  variability,  heart  rate
variability,  and  baroreflex  sensitivity.  Stroke  2020;  51(4):
1317-20.
http://dx.doi.org/10.1161/STROKEAHA.119.027981  PMID:
31964286
Trembach  N,  Zabolotskikh  I.  Arterial  baroreflex  sensitivity:[13]
Relationship with peripheral chemoreflex in patients with chronic
heart failure. Artery Res 2018; 24(C): 9-19.
http://dx.doi.org/10.1016/j.artres.2018.10.002
Kroenke K,  Spitzer  RL,  Williams JBW. The PHQ-9.  J  Gen Intern[14]
Med 2001; 16(9): 606-13.
http://dx.doi.org/10.1046/j.1525-1497.2001.016009606.x  PMID:
11556941
Spitzer RL, Kroenke K, Williams JBW, Löwe B. A brief measure for[15]
assessing  generalized  anxiety  disorder:  the  GAD-7.  Arch  Intern
Med 2006; 166(10): 1092-7.
http://dx.doi.org/10.1001/archinte.166.10.1092 PMID: 16717171
Sullivan MJL, Bishop SR, Pivik J. The pain catastrophizing scale:[16]
development and validation. Psychol Assess 1995; 7(4): 524-32.
http://dx.doi.org/10.1037/1040-3590.7.4.524
Ovechkin AM, Bayalieva AZ, Ezhevskaya AA, et al. Postoperative[17]
analgesia. Guidelines. Annals of Critical Care 2019; 4(4): 9-33.
http://dx.doi.org/10.21320/1818-474X-2019-4-9-33
Li KK, Harris K, Hadi S, Chow E. What should be the optimal cut[18]

http://dx.doi.org/10.1016/j.bpa.2019.10.003
http://www.ncbi.nlm.nih.gov/pubmed/31785713
http://dx.doi.org/10.1016/j.jcma.2017.06.008
http://www.ncbi.nlm.nih.gov/pubmed/28729069
http://dx.doi.org/10.1089/lap.2018.0118
http://www.ncbi.nlm.nih.gov/pubmed/29932792
http://dx.doi.org/10.1016/j.tjog.2016.07.013
http://www.ncbi.nlm.nih.gov/pubmed/28420504
http://dx.doi.org/10.1097/JCMA.0000000000000016
http://www.ncbi.nlm.nih.gov/pubmed/30839505
http://dx.doi.org/10.1097/GCO.0000000000000425
http://www.ncbi.nlm.nih.gov/pubmed/29232258
http://dx.doi.org/10.1097/JCMA.0000000000000190
http://www.ncbi.nlm.nih.gov/pubmed/31517775
http://dx.doi.org/10.1097/ALN.0000000000002510
http://www.ncbi.nlm.nih.gov/pubmed/30418212
http://dx.doi.org/10.1056/NEJMra1509723
http://www.ncbi.nlm.nih.gov/pubmed/31914243
http://dx.doi.org/10.1002/ejhf.1334
http://www.ncbi.nlm.nih.gov/pubmed/30468274
http://dx.doi.org/10.1161/STROKEAHA.118.020729
http://www.ncbi.nlm.nih.gov/pubmed/29866757
http://dx.doi.org/10.1161/STROKEAHA.119.027981
http://www.ncbi.nlm.nih.gov/pubmed/31964286
http://dx.doi.org/10.1016/j.artres.2018.10.002
http://dx.doi.org/10.1046/j.1525-1497.2001.016009606.x
http://www.ncbi.nlm.nih.gov/pubmed/11556941
http://dx.doi.org/10.1001/archinte.166.10.1092
http://www.ncbi.nlm.nih.gov/pubmed/16717171
http://dx.doi.org/10.1037/1040-3590.7.4.524
http://dx.doi.org/10.21320/1818-474X-2019-4-9-33


Breath-holding Test in the Prognosis of Postoperative Pain 9

points for mild, moderate, and severe pain? J Palliat Med 2007;
10(6): 1338-46.
http://dx.doi.org/10.1089/jpm.2007.0087 PMID: 18095813
Gerbershagen  HJ,  Aduckathil  S,  van  Wijck  AJM,  Peelen  LM,[19]
Kalkman  CJ,  Meissner  W.  Pain  intensity  on  the  first  day  after
surgery:  a  prospective  cohort  study  comparing  179  surgical
procedures.  Anesthesiology  2013;  118(4):  934-44.
http://dx.doi.org/10.1097/ALN.0b013e31828866b3  PMID:
23392233
Caumo  W,  Schmidt  AP,  Schneider  CN,  et  al.  Preoperative[20]
predictors  of  moderate  to  intense  acute  postoperative  pain  in
patients undergoing abdominal surgery. Acta Anaesthesiol Scand
2002; 46(10): 1265-71.
http://dx.doi.org/10.1034/j.1399-6576.2002.461015.x  PMID:
12421200
Ip HYV, Abrishami A, Peng PWH, Wong J, Chung F. Predictors of[21]
postoperative  pain  and  analgesic  consumption:  a  qualitative
systematic  review.  Anesthesiology  2009;  111(3):  657-77.
http://dx.doi.org/10.1097/ALN.0b013e3181aae87a  PMID:
19672167
Kalkman  JC,  Visser  K,  Moen  J,  Bonsel  JG,  Grobbee  ED,  Moons[22]
MKG. Preoperative prediction of severe postoperative pain. Pain
2003; 105(3): 415-23.
http://dx.doi.org/10.1016/S0304-3959(03)00252-5  PMID:
14527702
Vercellini  P,  Viganò  P,  Somigliana  E,  Fedele  L.  Endometriosis:[23]
pathogenesis  and  treatment.  Nat  Rev  Endocrinol  2014;  10(5):
261-75.
http://dx.doi.org/10.1038/nrendo.2013.255 PMID: 24366116
Giudice LC. Endometriosis. N Engl J Med 2010; 362(25): 2389-98.[24]
http://dx.doi.org/10.1056/NEJMcp1000274 PMID: 20573927
Kanellos P, Nirgianakis K, Siegenthaler F, Vetter C, Mueller MD,[25]
Imboden  S.  Postoperative  Pain  Is  Driven  by  Preoperative  Pain,
Not by Endometriosis. J Clin Med 2021; 10(20): 4727.
http://dx.doi.org/10.3390/jcm10204727 PMID: 34682850
van Aken M,  Oosterman J,  van  Rijn  T,  et  al.  Experimental  pain[26]
tolerance is decreased and independent of clinical pain intensity
in  patients  with  endometriosis.  Fertil  Steril  2018;  110(6):
1118-28.
http://dx.doi.org/10.1016/j.fertnstert.2018.06.040  PMID:
30396556
Suragul  W,  Tantawanit  A,  Rungsakulkij  N,  et  al.  Effect  of  local[27]
anaesthetic infiltration on postoperative pain after laparoscopic
cholecystectomy: randomized clinical trial. BJS Open 2022; 6(3):
zrac066.
http://dx.doi.org/10.1093/bjsopen/zrac066 PMID: 35639946
Jarrell  J,  Robert  M,  Giamberardino  MA,  Tang S,  Stephenson K.[28]
Pain, psychosocial tests, pain sensitization and laparoscopic pelvic
surgery. Scand J Pain 2018; 18(1): 49-57.
http://dx.doi.org/10.1515/sjpain-2017-0127 PMID: 29794284
Wong  M,  Vogell  A,  Wright  K,  Isaacson  K,  Loring  M,  Morris  S.[29]
Opioid use after laparoscopic hysterectomy: prescriptions, patient
use,  and  a  predictive  calculator.  Am  J  Obstet  Gynecol  2019;
220(3): 259.e1-259.e11.
http://dx.doi.org/10.1016/j.ajog.2018.10.022 PMID: 30837064
Kremer  R,  Granot  M,  Yarnitsky  D,  et  al.  The  role  of  pain[30]
catastrophizing  in  the  prediction  of  acute  and  chronic
postoperative  pain.  Open  Pain  J  2013;  6(1):  176-82.
http://dx.doi.org/10.2174/1876386301306010176
Theunissen  M,  Peters  ML,  Bruce  J,  Gramke  HF,  Marcus  MA.[31]
Preoperative anxiety and catastrophizing: a systematic review and
meta-analysis of  the association with chronic postsurgical  pain.
Clin J Pain 2012; 28(9): 819-41.
http://dx.doi.org/10.1097/AJP.0b013e31824549d6  PMID:
22760489
Pinto  PR,  McIntyre  T,  Araújo-Soares  V,  Almeida  A,  Costa  P.[32]
Psychological factors predict an unfavorable pain trajectory after
hysterectomy: a prospective cohort study on chronic postsurgical

pain. Pain 2018; 159(5): 956-67.
http://dx.doi.org/10.1097/j.pain.0000000000001170  PMID:
29419656
Ding  W,  Zhou  L,  Bao  Y,  et  al.  Autonomic  nervous  function  and[33]
baroreflex  sensitivity  in  hypertensive  diabetic  patients.  Acta
Cardiol  2011;  66(4):  465-70.
http://dx.doi.org/10.1080/AC.66.4.2126595 PMID: 21894803
Dauphinot V, Gosse P, Kossovsky MP, et al.  Autonomic nervous[34]
system activity is independently associated with the risk of shift in
the  non-dipper  blood  pressure  pattern.  Hypertens  Res  2010;
33(10):  1032-7.
http://dx.doi.org/10.1038/hr.2010.130 PMID: 20668452
Nasr  N,  Czosnyka  M,  Pavy-Le  Traon  A,  et  al.  Baroreflex  and[35]
cerebral  autoregulation  are  inversely  correlated.  Circ  J  2014;
78(10): 2460-7.
http://dx.doi.org/10.1253/circj.CJ-14-0445 PMID: 25187067
Simula S, Laitinen T, Vanninen E, et al. Baroreflex sensitivity in[36]
asymptomatic  coronary  atherosclerosis.  Clin  Physiol  Funct
Imaging  2013;  33(1):  70-4.
http://dx.doi.org/10.1111/j.1475-097X.2012.01165.x  PMID:
23216768
Schutte  A,  Vanrooyen  J,  Huisman  H,  et  al.  Modulation  of[37]
baroreflex sensitivity by walnuts versus cashew nuts in subjects
with metabolic syndrome. Am J Hypertens 2006; 19(6): 629-36.
http://dx.doi.org/10.1016/j.amjhyper.2005.12.014  PMID:
16733237
Gerhardt  U,  Vorneweg  P,  Riedasch  M,  Hohage  H.  Acute  and[38]
persistant  effects  of  smoking  on  the  baroreceptor  function.  J
Auton Pharmacol 1999; 19(2): 105-8.
http://dx.doi.org/10.1046/j.1365-2680.1999.00123.x  PMID:
10466943
Kardos  A,  Watterich  G,  de  Menezes  R,  Csanády  M,  Casadei  B,[39]
Rudas L. Determinants of spontaneous baroreflex sensitivity in a
healthy working population. Hypertension 2001; 37(3): 911-6.
http://dx.doi.org/10.1161/01.HYP.37.3.911 PMID: 11244017
Carlson JT, Hedner JA, Sellgren J, Elam M, Wallin BG. Depressed[40]
baroreflex sensitivity in patients with obstructive sleep apnea. Am
J Respir Crit Care Med 1996; 154(5): 1490-6.
http://dx.doi.org/10.1164/ajrccm.154.5.8912770 PMID: 8912770
Brognara F, Castania JA, Dias DPM, et al. Baroreflex stimulation[41]
attenuates central but not peripheral inflammation in conscious
endotoxemic rats. Brain Res 2018; 1682: 54-60.
http://dx.doi.org/10.1016/j.brainres.2018.01.003 PMID: 29317289
Taiwo  YO,  Goetzl  EJ,  Levine  JD.  Hyperalgesia  onset  latency[42]
suggests a hierarchy of action. Brain Res 1987; 423(1-2): 333-7.
http://dx.doi.org/10.1016/0006-8993(87)90858-4 PMID: 2823989
Levine JD, Khasar SG, Green PG. Neurogenic inflammation and[43]
arthritis. Ann N Y Acad Sci 2006; 1069(1): 155-67.
http://dx.doi.org/10.1196/annals.1351.014 PMID: 16855143
Drummond  PD.  The  effect  of  sympathetic  activity  on  thermal[44]
hyperalgesia  in  capsaicin‐treated  skin  during  body  cooling  and
warming. Eur J Pain 2001; 5(1): 59-67.
http://dx.doi.org/10.1053/eujp.2001.0224 PMID: 11394923
Nielsen R, Nikolajsen L, Krøner K, et al. Pre‐operative baroreflex[45]
sensitivity  and  efferent  cardiac  parasympathetic  activity  are
correlated  with  post‐operative  pain.  Acta  Anaesthesiol  Scand
2015;  59(4):  475-85.
http://dx.doi.org/10.1111/aas.12457 PMID: 25532557
France CR,  Katz  J.  Postsurgical  pain  is  attenuated in  men with[46]
elevated  systolic  blood  pressure.  Pain  Res  Manag  1999;  4(2):
100-3.
http://dx.doi.org/10.1155/1999/460391
Pan  PH,  Coghill  R,  Houle  TT,  et  al.  Multifactorial  preoperative[47]
predictors  for  postcesarean  section  pain  and  analgesic
requirement.  Anesthesiology  2006;  104(3):  417-25.
http://dx.doi.org/10.1097/00000542-200603000-00007  PMID:
16508387

http://dx.doi.org/10.1089/jpm.2007.0087
http://www.ncbi.nlm.nih.gov/pubmed/18095813
http://dx.doi.org/10.1097/ALN.0b013e31828866b3
http://www.ncbi.nlm.nih.gov/pubmed/23392233
http://dx.doi.org/10.1034/j.1399-6576.2002.461015.x
http://www.ncbi.nlm.nih.gov/pubmed/12421200
http://dx.doi.org/10.1097/ALN.0b013e3181aae87a
http://www.ncbi.nlm.nih.gov/pubmed/19672167
http://dx.doi.org/10.1016/S0304-3959(03)00252-5
http://www.ncbi.nlm.nih.gov/pubmed/14527702
http://dx.doi.org/10.1038/nrendo.2013.255
http://www.ncbi.nlm.nih.gov/pubmed/24366116
http://dx.doi.org/10.1056/NEJMcp1000274
http://www.ncbi.nlm.nih.gov/pubmed/20573927
http://dx.doi.org/10.3390/jcm10204727
http://www.ncbi.nlm.nih.gov/pubmed/34682850
http://dx.doi.org/10.1016/j.fertnstert.2018.06.040
http://www.ncbi.nlm.nih.gov/pubmed/30396556
http://dx.doi.org/10.1093/bjsopen/zrac066
http://www.ncbi.nlm.nih.gov/pubmed/35639946
http://dx.doi.org/10.1515/sjpain-2017-0127
http://www.ncbi.nlm.nih.gov/pubmed/29794284
http://dx.doi.org/10.1016/j.ajog.2018.10.022
http://www.ncbi.nlm.nih.gov/pubmed/30837064
http://dx.doi.org/10.2174/1876386301306010176
http://dx.doi.org/10.1097/AJP.0b013e31824549d6
http://www.ncbi.nlm.nih.gov/pubmed/22760489
http://dx.doi.org/10.1097/j.pain.0000000000001170
http://www.ncbi.nlm.nih.gov/pubmed/29419656
http://dx.doi.org/10.1080/AC.66.4.2126595
http://www.ncbi.nlm.nih.gov/pubmed/21894803
http://dx.doi.org/10.1038/hr.2010.130
http://www.ncbi.nlm.nih.gov/pubmed/20668452
http://dx.doi.org/10.1253/circj.CJ-14-0445
http://www.ncbi.nlm.nih.gov/pubmed/25187067
http://dx.doi.org/10.1111/j.1475-097X.2012.01165.x
http://www.ncbi.nlm.nih.gov/pubmed/23216768
http://dx.doi.org/10.1016/j.amjhyper.2005.12.014
http://www.ncbi.nlm.nih.gov/pubmed/16733237
http://dx.doi.org/10.1046/j.1365-2680.1999.00123.x
http://www.ncbi.nlm.nih.gov/pubmed/10466943
http://dx.doi.org/10.1161/01.HYP.37.3.911
http://www.ncbi.nlm.nih.gov/pubmed/11244017
http://dx.doi.org/10.1164/ajrccm.154.5.8912770
http://www.ncbi.nlm.nih.gov/pubmed/8912770
http://dx.doi.org/10.1016/j.brainres.2018.01.003
http://www.ncbi.nlm.nih.gov/pubmed/29317289
http://dx.doi.org/10.1016/0006-8993(87)90858-4
http://www.ncbi.nlm.nih.gov/pubmed/2823989
http://dx.doi.org/10.1196/annals.1351.014
http://www.ncbi.nlm.nih.gov/pubmed/16855143
http://dx.doi.org/10.1053/eujp.2001.0224
http://www.ncbi.nlm.nih.gov/pubmed/11394923
http://dx.doi.org/10.1111/aas.12457
http://www.ncbi.nlm.nih.gov/pubmed/25532557
http://dx.doi.org/10.1155/1999/460391
http://dx.doi.org/10.1097/00000542-200603000-00007
http://www.ncbi.nlm.nih.gov/pubmed/16508387

	[1. INTRODUCTION]
	1. INTRODUCTION
	2. METHODOLOGY
	2.1. Inclusion Criteria and Patient’s Enrollment
	2.2. Preoperative Evaluation
	2.3. Breath-holding Test
	2.4. Anesthesia and Pain Management
	2.5. Study Outcomes and Time Points
	2.6. Statistical Analysis

	3. RESULTS
	4. DISCUSSION
	CONCLUSION
	LIST OF ABBREVIATIONS
	ETHICS APPROVAL AND CONSENT TO PARTICIPATE
	HUMAN AND ANIMAL RIGHTS
	CONSENT FOR PUBLICATION
	STANDARDS OF REPORTING
	AVAILABILITY OF DATA AND MATERIALS
	FUNDING
	CONFLICT OF INTEREST
	ACKNOWLEDGEMENTS
	REFERENCES




