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Abstract 

Introduction
A major concern in the early post-operative phase after correction of pectus 
excavatum  is pain. Most studies only focus on pain management in the first 
days after surgery and describe methods to alleviate the pain immediately post-
operatively. The severity of post-operative pain may be influenced by anxiety. So 
far, few studies have looked into the relation between anxiety and  post-operative 
pain after pectus excavatum correction. 

The aim of this study was to investigate the correlation between pre-operative 
anxiety and late post-operative pain scores.

Materials and Methods
Prospective cohort study. Anxiety was assessed with the State and Trait Anxiety 
Inventory  questionnaire. Visual analogue pain score assessed pain at rest and 
on activity. Anxiety was measured before surgery and pain scores 6 weeks post-
surgery. A hierarchical linear regressions analysis was performed to investigate 
the correlation between baseline anxiety and pain measurements 6 weeks after 
surgery.

Results
136 patients were included. State  anxiety was not associated with post-operative 
pain (mean of pain on activity and in rest), only with pain on activity after 6 
weeks.  Age and sex were no effect modifiers in any of the models.  Relevant 
confounding factors, although not significant, were encountered as  trait, sex, 
minor complications, epidural duration, major complications and number of 
stabilizer plates. The explained variance of  state anxiety on visual analogue pain 
scores  after 6 weeks was minimal. 

Conclusion
Pre-operative anxiety does not appear to influence post-operative pain after 
thoracic wall deformity correction. 
.
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Introduction

The most important anterior chest wall deformity is the pectus excavatum (PE). 
It predominantly affects males. The prevalence of PE is about 1 in 400 [1]. The 
most important complaints are cosmetic and shortness of breath during exercise. 
The NUSS surgical procedure  is reported to give good cosmetic results [2]. In 
addition studies reporting physical improvement after correction are increasing 
in number [3]. 

Pain is an important problem after any kind of surgery, but especially thoracic 
surgery may be very painful [4]. In surgical correction of PE with a NUSS-bar the 
indentation of the sternum is corrected with implanting a steel bar underneath the 
sternum and the required new position of the sternum is immediately achieved. 
When explaining the procedure to patients the surgeon often refers to braces for 
crooked teeth, however the remodeling of the teeth often takes years whereas in 
PE correction the remodeling is done in seconds. And the pain is accordingly. 

In the literature, most studies only focus on pain management in the first days 
after surgery [5].  In these studies pain was a significant problem for many patients 
possibly impacting on satisfaction with the results [6]. It may thus be worthwhile 
to influence pain and pain sensation in these patients in order to improve the 
satisfaction with the results of surgery. 

It is known that the level of experienced pain is influenced by a number of factors 
such as  depression, stress, anxiety, pain catastrophizing, and insomnia [7,8]. 
Patients are informed about the severe post-operative pain that may occur, and 
this may induce anxiety. However, so far few studies have looked into the relation 
between baseline anxiety and  post-operative pain in pectus excavatum patients. 
This study assesses the relationship between anxiety and pain in patients with a 
planned surgical correction of a pectus excavatum.  
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Methods 

Study design
Participants were recruited from three academic hospitals and one large general 
hospital in the Netherlands. Patients 12 years of age and older with a pectus 
excavatum scheduled for surgical correction of a PE were eligible for inclusion 
in this study. The exclusion criteria were poor  proficiency in the Dutch language  
and prior chest wall surgery. For the current study participants were asked to 
complete questionnaires before surgery (T1) and 6 weeks (T2) after surgery.  The 
pre-operative questionnaire was completed during  the last outpatient clinic visit 
prior to surgery. Post-operative questionnaires were sent  to the patients on the 
predefined follow up moment. If no direct response was received a reminder by 
either mail or telephone was used.

Questionnaires used were a demographic questionnaire, the STAI  questionnaire 
to assess anxiety and the VAS score to measure experienced pain. 

The demographic questionnaire asked about age, sex, social habits, school and/or 
work, family history, and sports activities. 

The Dutch validated short version of the State and Trait Anxiety Inventory (STAI) 
was used. Items were scored on a four point Likert scale and subsequently these 
scores were added up. Scores of STAI state can vary between 6 and 24 with a 
higher score indicating more anxiety. The resulting score can either be used as 
total score or dichotomized in high or not-high, with cut-off scores derived from 
the manual. The short versions have good reliability and validity [9].

Pain in rest and during activity post-operatively was measured with a 100 mm 
Visual Analogue Scale (VAS), with anchors at 100 mm (worst pain imaginable) 
and 0 mm (no pain at all) [10].

In addition to the questionnaires the medical records of the participants were 
checked for duration of surgery, type of procedure, type of pain medication used 
and duration of pain medication taken both in hospital and after discharge. 
Furthermore, postoperative morbidity was registered. This was defined as 
surgical complications occurring within 6 weeks after  the operation. These 
complications were divided into major and minor complications. Major 
complications comprised early recurrence of the pectus within 6 weeks, wound 
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infection, hematoma for which re-do surgery was required, pneumonia and  
bar dislocation. Minor complications  comprised urinary catheter infections, 
pneumothorax and seroma. These data were obtained from the database in which 
the surgical complications are consistently registered. Since all these perioperative 
factors may influence the relation between the level of  preoperative anxiety and  
pain at the 6 weeks measurement, they were considered possible confounders. 
Age and sex were also deemed possible effect modifiers.

Statistical procedure
The focus of this study was on the relationship between preoperative anxiety 
(STAI-state (T1)) and postoperative  pain (VAS pain (T2)) after 6 weeks, both 
continuous variables. A hierarchical linear regressions analysis was performed. 
The mean VAS score was calculated from  the VAS score in rest and the VAS score 
during activity  for any individual patient. 

Categorical variables are presented as numbers (percentage). Continuous variables 
with a normal distribution are described with mean ± standard deviation.  Two 
tailed p-value below 0.05 was considered statistically significant in all analyses.

Analysis Plan
IBM SPSS Statistics 23 was used for all statistical analyses. First of all, the data 
were checked for erroneous values and missing data. Respondents with relevant 
missing data were not encountered in this study group. To answer the hypotheses  
hierarchical regression analyses were used. 

In model 1  the ‘crude’ effect of State anxiety (X) on the primary outcome variable 
mean VAS pain score after 6 weeks was viewed. In model 2 A the possible influence 
of the effect modifiers  sex and age were assessed  with interaction terms. The peri-
operative confounders (type of pain medication, duration of pain medication) 
and of confounders such as STAI Trait and number of stabilizer plates used, 
number of bars used, major or minor complications on the relationship between 
X and  mean VAS pain score after 6 weeks (Y) was assessed in model 2B. Model 3 
repeated  analyses in a patient group without postoperative complications. Model 
4  consisted of two submodels 4A and 4B. It was a repeat analysis with VAS pain 
score at rest respectively VAS pain score on activity after 6 weeks as the dependent 
variables instead of the mean VAS pain score.  Relevant confounding was defined 
as a 10% change in regression coefficient (B). Effect modification was defined as 
a significant value (p<0.05) of the regression coefficient of the interaction term. 
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Sample size calculation
The size of the study population was based on a conservative estimate for the 
effect of state anxiety on postoperative pain scores after 6 weeks. Previous studies 
have shown a very high percentage of patients with high levels of direct operative 
pain. In the literature a  difference in mean VAS score of 14 mm is considered as 
the minimal clinically importance difference (MCID)[11].

Based on the above sample size calculation was performed using G*Power 3.1 
[12]. The effect size of  0.15  with a Power of 0.8,  significance level of 0.05 and 
number of predictions 10, requires a total sample size of 118. With an expected 
5% drop-out rate, at least 127 participants needed to be included. 

Results

One hundred thirty six patients participated in the multicenter cohort study. There 
were 121 male and 15 female participants. The median age was 16 years (range 
12-22 years).  Fifteen patients received more than one Nuss bar during operation. 
The number of placed Nuss bars depends on the per-operative correction of 
the pectus excavatum. If residual pectus excavatum exists after the first bar 
placement a second bar is placed behind the sternum and fixed onto the chest 
wall (ribs). Stabilizer plates are used to prevent rotation of the bar by blocking 
rotation through support  on the ribs. One hundred and seven patients had one 
stabilizer plate implanted, 29 had two stabilizer plates. The number of patients 
who suffered one or more complication was 26 (19%). Major complications were 
seen in 9 persons (7%). Baseline characteristics and results are shown in Table 1.

Relationship  state anxiety and VAS score after 6 weeks   (the models)
In model 1 the crude analysis  between  state anxiety and mean VAS pain scores 6 
weeks postoperative shows a non-significant relation ( B 0.08, 95% BI  -0.02-0.17, 
p-value 0.11). The direct analysis reports an R-square(R2) of 0.02. This shows 
that a very small part (2 percent) of the variance in the mean VAS pain score is 
contributed to state anxiety.

In model 2 we explored the possible effect modification caused by  sex and age 
by adding them to the regression model.  The interaction term of  state anxiety-
sex  and  the interaction term state anxiety-age showed respectively a p-value of 
0.65 and 0.44. Which means that neither sex nor age as an interaction term had 
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a significant influence on the relation between state anxiety and mean VAS pain 
score at 6 weeks. The model 2A adjusted for both (demographic factors) sex and 
age showed a p-value of 0.28). The adjusted model 2B with confounders (see 
table 2) did not lead to significance, even more  the regression coefficient turned 
negative showing an inverted effect of state anxiety on mean VAS pain score after 
6 weeks. (B -0.02,  95%BI -0.14 – 0.10, p-value  0.76). The R-square was 0.10 
meaning that a little more than 10% of variance in mean VAS pain score after 6 
weeks was explained by the combined factors in the adjusted model 2.

Table 1. Patients clinical characteristics and peri-operative results
Variables
Age (years) 16 (12-22)
Males 121 (89%)

Pre-operative Questionnaires
STAI state 11.2 ± 3.3
STAI trait 16.3 ± 4.9

Per-operative 
Nuss bars one versus two implants 121(89%)
Stabilizer plate one versus two implants 107(79%)

Postoperative
Major complications 9 (6.6%)
Minor complications 17(12.5%)
Total complications 26(19,1%)
Epidural use/duration  (in days) 3.5 ± 1.3
Oral pain medication  (in hospital in days) 5.9 ± 1.7

Pain scores postoperative 6 weeks
Mean VAS pain score 24 ± 19
VAS pain score in rest 18 ± 19
VAS pain score in activity 29 ± 21

Categorical variables are presented as numbers, continuous variables as mean ± standard 
deviation. Age is presented as mean with range.

In model 3 we explored the group of patients who did not suffer a complication. 
This group of patients should in theory have a smaller physical impact on their 
bodies and therefore less inflammation and less pain. The same hierarchical 
regression analyses as in model 2 was performed. The relationship between state 
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anxiety and VAS pain score after 6 weeks in patients without complications was 
not significant. The R square was 0.03 showing that there was little explained 
variance in this crude analysis. Interaction terms for sex or age were both not 
significant. The definitive model 3 was adjusted for proven confounders sex and 
epidural and did neither reach significants (p-value 0.17).  

For analysis of the components of the mean VAS pain score after 6 weeks, a 
separate regression analysis was performed for dependent variable VAS pain score 
6 weeks in rest (model 4A) and VAS pain score 6 weeks in activity (model 4B). 

The relationship between state anxiety and VAS pain score after 6 weeks in rest 
was just as the relationship with the mean VAS pain score not significant (p-value 
0.51). Testing of the interaction terms  showed no significance. Adjusted model 4 
A for confounders  neither showed significance (p-value 0.22).

In model 4B the relationship between pre-operative state anxiety and dependent 
variable VAS pain score in activity after 6 weeks  gave a p-value of 0.024, making 
it significant (B 0.13, 95% BI  0.02 – 0.23). This (crude) model did not show a 
more than explained variance of the VAS pain score in activity of 3.8%.  The 
interaction terms and  the adjusted model with confounders were not significant.

The results of the analyses of the ‘crude’ and adjusted models are summarized in 
Table 2.
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Table 2. Results model analyses
B 95% BI p-value

Model 1 crude 0.08 -0.02 – 0.17 0.11

Model 2A
adjusted for demographic factors (sex and age) 0.05 -0.04 – 0.15 0.28

Model 2B
adjusted for  trait anxiety, sex, minor complica-
tions, epidural duration, major complications, 
number stabilizer plates

-0.02 -0.146 – 0.10 0.76

Model 3 crude 0.09 -0.01 – 0.197 0.07

Model 3 
adjusted  for sex, epidural duration 0.07 -0.03 – 0.17 0.17

Model 4A crude 0.03 -0.06 – 0.13 0.51

Model 4A 
adjusted for sex, trait anxiety, minor complica-
tions, epidural duration

0.07 -0.19 – 0.04 0.22

Model 4B crude 0.13 0.02 – 0.23 0.02

Model 4B 
adjusted for trait anxiety, sex, minor complica-
tions

0.04 -0.10 – 0.17 0.56

B represents the regression coefficient. BI represents the confidence intervals. A p-value 
below 0.05 was considered statistically significant.
 

Discussion

In the current study the relationship between state anxiety measured pre-
operatively and VAS pain scores 6 weeks post-operatively was assessed. In this 
study this relationship was not significant for the mean VAS pain score and the 
VAS pain score in rest and the ‘crude’ analysis  influence of state anxiety on the 
variance in mean VAS pain scores after 6 weeks was 2.9% maximum. Evaluation 
of potential confounders showed there was a non-significant confounding effect 
from total score  trait anxiety, sex, minor complications, duration epidural, major 
complications and  number of stabilizer plates in model 2. Despite the significant 
finding of the crude analysis of the dependent variable VAS pain score in activity, 
the reported average VAS pain score after 6 weeks was below 3 in all three groups 
(activity, rest, mean). Furthermore the explained variance was just 3.8%. 
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In other diagnoses the relationship between anxiety and pain has been studied 
as well [13-20]. These studies report different results. Explained variance in pain 
scores postoperatively varied between 10 and 22 % [15]. However, other studies 
showed a definite relationship in a univariate analysis, but adding measurements 
such as the STAI did not change the relationship [16]. Furthermore, anxiety was a 
strong predictor of pain medication used both in-hospital as after discharge [14,17]. 

One important difference between the current study and the  aforementioned 
studies is the age of the patients. With regard to age there seemed to be a different 
impact on anxiety depending on age and pain [18]. In this study the patients were 
predominantly adolescents whereas in the other studies only adults are included. 
It may be that other factors than anxiety influence pain experience in adolescents. 
There is literature to suggest that female patients are less capable of coping with 
pain and also a gender difference exists towards anxiety [19]. However,  literature 
on this subject is scarce. What is known is that adolescents may be more inclined 
to pain catastrophizing [20] and thus experience more pain without this being 
reflected in scores on state anxiety. Patients do receive extended information 
about the procedure and the resulting post-operative pain. This may either 
lead to catastrophizing with resulting higher pain experience [8] or may lead 
to better handling of the pain due to better preparation [7]. Although this last 
phenomenon is especially studied in cancer patients and patients with chronic 
pain, pain education may very well have the same effect in other patient groups.
Another important factor is that the pain is scored 6 weeks after the surgical 
procedure. After discharge from the hospital patients receive a booklet with daily 
restrictions for the first 6 weeks. These restrictions include no sports activities, 
no lifting of heavy objects, and sleeping in supine position. It may be that once 
patients are allowed to mobilize fully the relationship between state anxiety and 
pain changes. It is known that anxiety may lead to more self-imposed restrictions 
in daily activities [21]. 

Limitations
Limitations of the study could be the study population who was derived from 
different hospitals. Although the surgical procedure  and peri-operative policies 
are similar for the whole group, the amount of inflicted damage to tissue during 
surgery  and dynamic pain management may have had effect on pain outcome 
scores.    
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Conclusion 

There is no significant relation between anxiety measured with STAI state pre-
operative and mean VAS pain scores or VAS pain scores in rest after 6 weeks. 
However, there is a significant relationship between state anxiety pre-operative 
and VAS pain score in activity 6 weeks post-operatively in a surgical corrected 
pectus excavatum patient group. 



70

Chapter 4

References

1. Shamberger RC. Congenital chest wall deformities. Curr prob surg 1996;33:469-552.
2. Lam MWC, Klassen AF, Montgomery CJ, LeBlanc JG, Skarsgard ED. Quality-of-life 

outcomes after surgical correction of pectus excavatum: a comparison of the Ravitch 
and Nuss procedures. J Ped Surg 2008;43:819-825.

3. Krasopoulos G, Dusmet M, Ladas G, Goldstraw P. Nuss procedure improves 
the quality of life in young male adults with pectus excavatum deformity. Eur J 
Cardiothorac Surg 2006;29:1-5.

4. Bjørnnes AK, Parry M, Lie I, Fagerland MW, Watt-Watson J, Rustøen T, Stubhaug A, 
Leegaard M. Pain experiences of men and women after cardiac surgery. J Clin Nurs 
2016;25:3058-3068. 

5. Densmore JC, Peterson DB, Stahovic LL, Czarnecki ML, Hainsworth KR, Davies 
HW, Cassidy LD, Weisman SJ, Oldham KT. Initial surgical and pain management 
outcomes after Nuss procedure. J Ped Surg 2010;45:1767-1771.

6. Zuidema WP, van der Steeg AFW, Oosterhuis JWA, Sleeboom C, van der Heide SM, 
de Lange-de Klerk ESM, Heij H. The Influence  of Pain: Quality of Life after Pectus 
excavatum Correction. Open Journal of Pediatrics 2014; 4:216-221.

7. Park SJ, Yoon DM, Yoon KB, Moon JA, Kim SH. Factors Associated with Higher 
Reported Pain Levels in Patients with Chronic Musculoskeletal Pain: A Cross-
Sectional, Correlational Analysis. PLoS One 2016 ;11: e0163132.

8. Grosen K, Vase L, Pilegaard HK, Pfeiffer-Jensen M, Drewes AM. Conditioned pain 
modulation and situational pain catastrophizing as preoperative predictors of pain 
following chest wall surgery: a prospective observational cohort study. PLoS One 
2014 ;9: e90185.

9. Ploeg HM, Defares PB, Spielberger CD. ZBV. A Dutch-language adaptation of the 
Spielberger State-Trait Anxiety Inventory. Lisse, The Netherlands: Swets&Zeitlinger; 
1980. 

10. Kjeldsen HB, Klausen TW, Rosenberg J. Preferred Presentation of the Visual Analog 
Scale for Measurement of Postoperative Pain. Pain Pract 2016 ;16:980-984. 

11. Tashjian RZ, Deloach J, Porucznik CA, Powell AP. Minimal clinically important 
differences (MCID) and patient acceptable symptomatic state (PASS) for visual 
analog scales (VAS) measuring pain in patients treated for rotator cuff disease. J 
Shoulder Elbow Surg 2009 ;18:927-932.

12. Faul F, Erdfelder E, Buchner A, Lang AG. Statistical power analyses using G*Power 
3.1: Tests for correlation and regression analyses. Behav Res Methods 2009; 41: 
1149-1160.

.



71

State anxiety and pain 

4

13. Hobson JA, Slade P, Wrench IJ, Power L. Preoperative anxiety and postoperative 
satisfaction in women undergoing elective caesarean section. Int J Obstet Anesth 
2006; 15: 18–23. 

14. Thomas V,  Heath M, Rose D, Flory P. Psychological characteristics and the 
effectiveness of patient-controlled analgesia. Br J Anaesth 1995; 74: 271-276.

15. Perry F, Parker RK, White PF,  Andrew Clifford P. Role of psychological factors in 
postoperative pain control and recovery with patient-controlled analgesia. Clin J 
Pain 1994;10: 57-63.

16. Kalkman CJ, Visser K, Moen J, Bonsel GJ, Grobbee DE, Moons KGM. Preoperative 
prediction of severe postoperative pain. Pain 2003;105:415–423. 

17. Werner MU, Mjöbo HN, Nielsen P, Rudin A. Prediction of postoperative pain, 
a systematic review of predictive experimental pain studies. Anesthesiology 
2010;112:1494–1502.

18. Wandner LD,  Scipio CD, Hirsh AT, Torres CA, Robinson ME. The Perception of 
Pain in Others: How Gender, Race, and Age Influence Pain Expectations. J Pain 
2012;13: 220–227.

19. Robinson ME, Wise EA, Gagnon C, Fillingim RB, Price DD. Influences of gender 
role and anxiety on sex differences in temporal summation of pain. J Pain 2004;5: 
77-82.

20. Heathcote LC, Koopmans M, Eccleston C, Fox E, Jacobs K, Wilkinson N, Lau JY. 
Negative Interpretation Bias and the Experience of Pain in Adolescents. J Pain 
2016;17:972-981.

21. Aerts PD, De Vries J, van der Steeg AFW, Roukema JA. The relationship between 
morbidity after axillary surgery and long-term quality of life in breast cancer 
patients: the role of anxiety. Eur J Surg Oncol. 2011;37:344-349.


