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since surgery” could be identified. An univariate general linear model showed that “age” and
“preoperative pain” were significant confounders for sex differences. Further descriptive
subgroup analysis revealed consistent sex differences for several POP outcome variables
especially in patients older than 50 years or patients with preoperative chronic pain. How-
ever, sex differences disappeared in younger patients and in patients without preoperative
pain.

Discussion

Our data confirmed that sex differences exist in pain intensity and frequency, pain interfer-
ence with feelings and opioid consumption during the first 24 hours postoperatively. How-
ever, sex differences were significantly influenced by the factors “age” and “preoperative
pain”. These findings may in part explain why clinical studies get different results related to
sex differences and renders specific awareness in older women and female patients with
preoperative chronic pain.

Introduction

More than 240million surgicalprocedureareperformedworldwideeveryyear[1] andpain
guidelinesand evidence-basett.commendationhavebeenmadeto improve postoperative
pain (POP)managemenf?]. However postoperativepain is still insufficientlytreatedwith
morethan 50%of patientssufferingfrom moderateto severgain earlyaftersurgeny3]. One
of thereasondor this unsatisfactorgituationmight beanunderestimatedole of risk factors
for apoor postoperativepain outcome Althoughincreasinglystudied clinical relevancef
mostrisk factorsarenot determinedyet.

Onefactorincreasingherisk to experiencenore severgain aftersurgeryis the (female)
sexof the patient.Sexspecificdifferencesn painin generahrewell describedn theliterature
[4+6]. However the situationfor POPis not yetclear.In somestudiesvomentendedto report
more pain both at restand during movementaftersurgerycomparedo men,but thistrendis
not consistenthroughouttheliterature[7+9]. Evenmore controversials the effectof sexon
opioid consumptionand opioid-inducedsideeffectsaftersurgery Althoughmorphineseems
to bemore effectivein womencomparedo men[10], clinicaltrialsinvestigatingsexdiffer-
encef perioperativemorphine consumptionshowedconflicting results 7£9,11].

A recentlypublishedargedatabasanalysiglemonstratedhat sexbapartfrom ageand
preoperativeehronic painbis a possibleisk factorfor severd®OPwith ameandifferencecdof
0.23on avisualanaloguescalg VAS) from 0+ 10betweermalesandfemaleq12]. However,
theclinical relevancef this finding needgurther examinationmainly dueto the smalltotal
differenceandreporting of only oneclinical outcomeparamete@worst painintensity®),but
not other pain-relatedoutcomesncluding pain frequencyinterferencewith activitiesand
feelingsppioid consumptionand perceptionof care Furthermore otherfactorssuchasage,
preoperativgpain or psychologicalactorslikely affectthe severityof acutepostoperativepain.
If thesefactorsareindependentisk factorsor interactin anywayze.gwith therisk factorsext
is basicallynot knon yet. Together clinical datafocusingon the exactrole of therisk factor
asex®for poor pain outcomeaftersurgery on confoundingfactorsinfluencingsexasarisk fac-
tor andon the clinicalrelevancef sexasarsik factorarecurrently limited [13].
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Themajoraim of the presentstudywasto investigatesexdifferencesn POPoutcome
(beyondworstpain aftersurgery) theinfluenceof possibleconfoundingfactorson sexdiffer-
enceandtheclinicalrelevancef theseresultsin additionaldescriptivesubgroupanalyses.

Materials and methods

Thepresentstudywasconductedaspart of the EU funded*Pain Out®project,aninternational
multicenterbenchmarking-pragctfor theimprovementof acutePOPtreatment(http://www.
pain-out.eu)[14]; Institutional ReviewBoardapprovalfor the wholeprojectwasgivenin Jena,
Germany(2723-12/09andfor the projectsitein Muenster(University Hospitalof Muenster)
by thelocalethiccommitteeMuenster,Germany(2009-936-b-SDatapresentecherewere
collectedprospectivelypetweerMarch 2010and June2011bexclusivelyn the University
Hospitalof Muenster,Germanywhichis aspecialishospitalfor orthopedicsurgerywith sev-
eralsubspecialtiegroviding supra-regionaserviceor severabrthopedicindications.

Data collection and definition of outcome data

Patientoutcomedatawerecollectedusingthe validatednternationalpain outcome(IPO)
questionnairg15]. ThelPO contains13questionavhich coverfive areaf outcomemeasure-
mentin POP+painintensity,interferenceof pain with activitiesandfeelingsanalgesiside-
effectsaandthe patient'simpressionof the caretheyreceivedThe PO questionnairéncludes
thefollowing items:Leastpain sincesurgery(numericalrating scalg NRS)0+10);Worst pain
sincesurgery(NRS0x10);Percentagef time in severgain (0+100%)Paininterferencewith
activitiesin bed(NRS0+10);Paininterferencewith activitiesout of bed(NRS0x10);Pain
interferencewith breathing/coughig (NRS0x10);Paininterferencewith sleepNRS0+10);
Emotionalimpairmentdueto pain:anxious(NRS0+10);Emotionalimpairmentdueto pain:
helplesgNRS0x10);AdverseeffectsnausedNRS0+10);Adverseeffectsdrowsines§NRS
0+10);Adverseeffectsitching (NRS0+10);Adverseeffectsdizzines{NRS0+10);Percentage
of painrelieffrom all treatmentscombined(0£100%)Participationin decisionmaking(NRS
0+10);Satisfactiorwith paintreatment(NRS0x10);Presencef apersistenpainful condition
for 3monthsor more beforethe surgery(yes/no)including Intensity of the persistenpain
beforesurgery(NRS0x10).

A researclassistanscreenegbatientson the orthopedicwardsat the universityclinic of
Muensteronedayaftersurgeryandinformed patientsin written form aswell asorally to get
verbalagreementdueto the observationahatureof the studyandits characteristi@asaqual-
ity improvementproject,written informed consentwasztathetime the studywasperformed
Pnot required(ethiccommitteesof the Universityof Jenaand Universityof Mimster).As
definedby the Pain-OutProject patientswereincluded,if theywereinpatients(> 18years),
consentedo participatein the projectandableto fill outthe questionnaireby themselves.
Exclusioncriteriawererefusalo participate undergonerepeatsurgery cognitiveimpairments
or languagaeleficienciesAfter inclusion,patientsfilled out the IPO andtheresearctassistant
collecteddemographidata(sexageweight,height,nationality, placeof birth, languagef
participant),medicalhistory data(e.g.preoperativeehronic pain) andprocesslata(e.g.type
of operationaccordingto ICD-9, anesthesitechniquesanalgesiéechnique analgesicon-
sumptionetc.)from the patients'chartsin standardizedashionaccordingto the PainOut pro-
tocol. All datawereassesseah thefirst dayaftersurgery.Thecollectecdatawereanonymized
andthenenterednto the PainOut Registryusingaweb-basedool asdescribedecently[16].

Theprimary outcomevariablewe usedhereto assessexdifferencesand confounderdgor
sexdifferencesvastheintensity of worstpain sincesurgery(numericrating scalfNRS)0 =
ano pain®+ 10=aworstpain possible®) As secondarputcomeweinvestigatedhetime the
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patientspentin severgain sincesurgery(NRS0%= 2neverin severgain®+ 100%-= 2alwaysn
severgain®), functionaldisabilitydueto pain (NRSO = 2did not interfere®+10=2completely
interfered®),anxietyand helplessnessausedy the pain (NRSO = 2not atall°+ 10= 2extremely©),
cumulativeopioid consumptionsincesurgerycalculatedy conversiorof opioid requirements
into morphineequivalent¢ME), the degreeof painreliefthroughpain treatment(NRS:0%=

ano relief°+ 100%= 2completerelief®), wishfor more pain treatment(®yesor no°) andsatisfac-
tion with the resultsof paintreatment(NRSO = 2extremelydissatisfied®A.0= 2extremely
satisfied®).

Perioperative pain management

All patientsweretreatedaccordingto the Germanpostoperativgain guidelinesandthe stan-
dardproceduresn the UniversityHospitalof Muenster.In generalpatientswithout contrain-
dicationreceiveda premedicationwith abenzodiazepinée.g.midazolam)andanon-opioid
analgesi¢e.g.etoricoxib,paracetamobr metamizol).Patientswith preoperativechronic pain
continuedtakingtheir daily pain medicationperioperativelyAccordingto our standardoper-
atingprocedureandin agreementvith the orthopedicsurgeonsnostsurgerywascarriedout
undergenerabnesthesi@GA) aloneor combinedwith aregionalanestheti¢§RA)Das patient
controlledanalgesigPCA)viaacatheter(e.g.epidural)or singleshot(e.g.interscalenaerve
block).In asmallnumberof casepatientsunderwentsurgerywith aRA (e.g.spinalanes-
thetic)alone All patientsreceivingGA weretreatedintraoperativelywith sufentanilor remi-
fentanilandwith prophylacticantiemetic{dexamethasonémgand/or ondansetrordmg)
accordingto the postoperativaauseandvomiting (PONV) score Painscoresat restand
movement(NRSOx+10)wereassessédd the postanesthesigareunit (PACU) andon theward.
Most patientson the wardreceivedanon-opioid atfixed time intervals.Paintriggersfor res-
cueanalgesiavereNRSatrest> 3 or NRSatmovement> 5. Patientswithout RA receivecan
opioid on demand(e.g.immediatetreleadeydromorphone) After medium-sizecand major
procedurege.g.openjoint surgeriesandlargebonesurgeries)acontrolledreleaseapioid
wasadded All patientsreceivingRA receivedcontinuousinfusion of alocalanestheti¢ropi-
vacained.2%)alone(e.g.interscaleneervecatheter)or alocalanesthetién combinationwith
anopioid (e.g.lumbarepiduralanalgesiavith ropivacained.2%plussufentanil0. 75ug/ml
accordingto our currentstandardoperatingprocedurefor regionalanesthetigprocedures
(Tablel). Postoperativév-PCAwasusedrarelyandonly if plannedregionalanalgesigech-
niguesfailedor painmanagementvith oral opioidswasinsufficient.

Table 1. Details of postoperative management including a continuous regional anesthetic technique.

Analgesic Technique Drugs applied Basal infusion | Demand Lockout-

rate Dose Interval
Patient-controlled Ropivacaine 0.2% or bupivacaine 0.175% + Sufentanil 0.175 g/ml (for 5 mil/h 2ml 20 min
epidural analgesia patients 70 yr and without chronic opioid medication)
Interscalene/axillary nerve | Bupivacaine 0.175% Weight based manner (Half of | 30 min
catheter max. recommended dose

(0.4mg/kg KG) as basal

infusion rate, other half as two

possible boli within one hour)
Femoral/sciatic nerve Ropivacaine 0.2% Weight based manner (Half of | 30 min
catheter max. recommended dose

https://da.org/10.1371durnal.pon®178659.t001

(0.5mg/kg KG) as basal
infusion rate, other half as two
possible boli within one hour)
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Statistical analysis

In orderto gethomogeneougroupswere-evaluatedhe ICD 9 surgicalcodeswithin the data
setandclassifiedll surgicalproceduresnto threegroups(bonesurgeryjoint surgeryandsoft
tissuesurgery).

In afirst stepwecarriedout alinearregressioranalysisn orderto determinetheinfluence
of possiblgoredictors(3sex®2age° 2preoperativechronic pain®, 2anesthetidechniqueq(GA
alone,RA alone,GA combinedwith RA) and2surgicalprocedure(bonesurgeryjoint surgery,
softtissuesurgery)®)on worstPOPsincesurgery.

In asecondstepweinvestigatedheinteractionof the abovementionedpredictorswith sex
differencef worstpainintensityusingaunivariategeneralinearmodel(ANOVA).

Finally,in orderto determinethe clinical relevancef theseresultswe calculatedneangor
alloutcomeparametersn all patientsandthenseparatelyn womenandmen,respectively.
Dichotomousdata(e.g.numberof patientsrequestingmore paintreatment)werereportedas
absolutenumber(and %) andsignificancevascalculatedvith the 2 test.Demographialata
(e.g.age)and outcomedataratedon aNRSscalgmostotherdata)werecalculatedcasmean(+
standarddeviation(SD)). Sexrelateddifferencesverecomparedwith the nonparametridest
for two unrelatedsamplegMann-Whitney U Test).Statisticakignificancevasdetermined
usingano of 0.05All statisticabnalysesvereperformedwith SPSStatistic2 (IBM, Chi-
cagojL).

Results

From 1372screenedhpatientsundergoingorthopedicsurgeryin the universityhospitalof
MuensterbetweerMarch 2010and June2011atotal numberof 890(Nyomen= 403;Nmen=
487)wereincluded(Fig 1). Thedemographiaataof the excludedpatientswerenot different
from theincludedpatients.

Demographic data

Demographiaataof includedpatientsaresummarizedn Table2. The meanageof partici-
pantswas48.5(+ 17.0)yearswomen(50.9+ 16.7years)wereslightlyolderthan men

(46.5+ 17.0years)Preoperativehronic pain wasmore frequentlyreportedby women.With
the exceptionof softtissuesurgerythe sexdistribution of the appliedsurgicalproceduresvas
comparableln generamostpatientsreceiveda GA without RA (610patients),180patients
receivedacombinationof GA andRA and 86 patientsreceivedRA alone From 14 patients
therewereno dataavailableegardingthe appliedanestheti¢echnique.

Predictors for worst postoperative pain and identification of confounding
variables for sex differences

Firstly, we performedalinearregressioranalyses orderto identify major predictorsfor
worstpainintensitysincesurgery As aresult,age existencef preoperativechronic pain, sex
andanestheticechniqueweresignificantpredictorsfor worstPOPsincesurgery(Table3).

Secondlyyetried to identify confoundingvariabledor sexdifferencesn POPpresumably
influencingthe predictivestrengthof sex By usingaunivariategeneralinear modelwedem-
onstratedthatthefactor®age®and®preoperativechronic pain® significantlyinfluencedsexdif-
ference®f the primary outcome"worstPOPsincesurgery'{Table4). Theotherinvestigated
factors(anestheti¢dechniqueand surgicalprocedurewerenot identified asbeingsignificant
confounderqTable4).
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Assessed for eligibility
(n=1372)

Excluded (n=445)

*Age <18 (n=74)

*Undergone repeat surgery (n=98)
ecognitive impairments(n=27)
*language deficiencies(n=11)
*Declined participation (n=235)

Enrolled
(n=927)

Excluded due to incomplete data
(n=37)

\%

Analyzed
(n=890)

Fig 1. Patient flow during enroliment and analysis.

https://doi.0g/10.1371§urnal.pon®178659.9g001

Sex differences in primary and secondary outcome data and influence of
confounding variables

Accordingto theresultsaboveweinvestigatedhe sexdifferencef primary andsecondary
POPoutcomesandtheinfluenceof ageand preoperativeehronic painin descriptivesubgroup
analyse¢Tableb).

Sex differences in primary postoperative pain outcome. Themeanpainscorefor 2worst
painintensitysincesurgery®f thewholepopulationwas5.45(+2.73) whereasvomenre-
portedsignificanthigherworstpainintensityscorescomparedo men(p = 0.002)Table5).
The subgroupanalysishowedhat olderwomen(> 50yearsyeportedhigherpain scoregor
aworstpainintensitysincesurgery®hanoldermen(p<0.001)In contrasttherewereno
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Table 2. Demographic data (as n (%)).

Age (years)

<50 years

>50 years

Preoperative chronic pain

Patients with preoperative chronic pain
Patients without preoperative chronic pain
Surgical procedure

Bone surgery

Joint surgery

Soft tissue surgery

Anesthetic technique

General anesthesia

Regional anesthesia

General and regional anesthesia

Sex related differences were compared with 32

https://da.org/10.1371durnal.pon®178659.t002

Women (n = 403) Men (n = 487) p Value
176(39.6%) 269(60.4%) 0.001
226(50.9%) 218(49.1%)

275 (52.0%) 254 (48.0%) 0.001
122(34.8%) 229(65.2%)

154 (46.7%) 176 (53.3%) 0.214
189 (46.6%) 217 (53.4%)

59 (38.8%) 93 (61.2%)

274 (44.9%) 336 (55.1%) 0.248
34 (39.5%) 52 (60.5%)

90 (50.0%) 90 (50.0%)

Test.

significantdifferencewithin youngermenandwomen(< 50years)Table5). Thesubgroup
analysidocusingon theinfluenceof preoperativepain demonstratedhat womenhadhigher
painscoresomparedwvith menin the groupof patientswith preoperativechronic pain

(p =0.023) put not in the group of patientswithout preoperativechronic pain (Table5). In
addition, patientswith preoperativechronic pain experiencedhigherpostoperativgain inten-
sity than patientswithout preoperativeehronicpain (5.74+ 2.67vs.5.01+ 2.75;p<0.001).

Sex differences in secondary postoperative pain outcome

A. Time in severe pain. Themeanamountof time spentin severgainwas30%(+24%)
wherewomenreportedalongeramountof time in severgain comparedo men(p<0.001)
(Table5). Thesubgroupanalysidocusingon theinfluenceof agedemonstratedhatin both
agegroupswomenweresignificantlylongerin severgain (<50yearsp = 0.006;>50years:
p=0.001)Table5). Thesubgroupanalysisaccordingto preoperativgpain showedhat only
in the groupwith preoperativgpain womenspentasignificantlongertime in severdime com-
paredto men(p = 0.001)In contrasttherewasno sexrelateddifferencebetweenwomenand
menin the groupwithout preoperativepain (Table5). Moreover patientswith preoperative

Table 3. Results of the linear regression analysis investigating possible predictors for worst postoperative pain since surgery.

Predictor Variable

Age*

Existence of preoperative chronic pain
Sex®

Anesthetic technique

Surgical procedure

p—Value B Lower bound Upper bound
<0.001 -0.176 -0.714 -0.319
<0.001 0.157 0.493 1.249

0.005 -0.095 -0.888 -0.158

0.030 -0.072 -0.568 -0.029

0.261 Could not be included in model

¥ grouped in 20 year intervals, in increasing order

@ Reference category is “male”
GA and GA + RA compared to RA only

https://da.org/10.1371durnal.pon®178659.t003
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(L]

Table 4. Results of the ANOVA investigating the interaction of the factors “age”, “preoperative pain”,
“anesthetic technique” and “surgical procedure” with sex differences of the outcome “worst postop-
erative pain since surgery”.

Explanatory Factor P value

Females Males

Age 0.282 <0.001

Existence of chronic preoperative pain 0.034 0.006

Anesthetic technique®

GA 0.532 0.087

GA with RA 0.557 0.964

Surgical procedure®

Bone surgery 0.684 0.076

Joint surgery 0.420 0.053

up to 50 years old compared with 50"
#compared with RA only
%compared with soft-tissue surgery

https://abi.org/10.1371djurnal.por.0178659.t00

chronic pain experiencedhigherpostoperativgain frequencycomparedo patientswithout
preoperativeehronic pain (33%+ 25%vs.25%:+ 22%;p<0.001).

B. Functional disability and mood during postoperative pain treatment. In all patients
postoperativepaininterferedwith physicalctivitiesin bedlike turning, sitting etc.with 4.50
(x2.83);,womenand menwerecomparabhyaffectedp = 0.168) Table5). Theanxietyscore
dueto painwas2.40(+2.46)andthe helplessnesscoredueto painwas2.68(+2.87)in all
patients Womenreportedsignificantlyhigheranxiety(p = 0.003)and helplessnesscores
(p<0.001)dueto paincomparedo men(Table5). The subgroupanalysisnvestigatinghe
influenceof agedemonstratedhat only olderwomenreporteda significanthigherimpair-
mentscoreof paininterferencewith physicalctivitiesin bedcomparedo men(p = 0.003).
Furthermorethis group of womenshowedsignificanthigheranxiety(p = 0.012)and helpless-
nessscoregp = 0.001)comparedo men,whereayoungerwomenreportedonly significantly
higherhelplessnesscoregp = 0.018)Table5). Subgroupanalysigocusingon theinfluence
of preoperativgpain showedhat only womenwith preoperativepain reportedsignificant
higher2helplessnesstoresomparedo men(p = 0.004)Tableb).

C. Cumulative opioid consumption. Thecumulativepostoperativepioid consumption
(ME) in all patientswas0.346mg/kg (+ 0.456) womenreceivedsignificantlymore ME com-
paredto men(p = 0.009) Table5). The subgroupanalysicomparingsexdifferencesn differ-
entagegroupsdemonstratedhatonly in the olderagegroupthis difference(womenreceived
ahigheramountof opioidscomparedo men)wassignificant(p<0.001)In contrastthere
wasno sexrelateddifferencebetweeryoungerwomenandmenregardingto postoperative
morphineconsumption(Table5). Womenwith preoperativepain requiredsignificantlymore
opioids(ME) comparedo men(p = 0.006)howeveME consumptionin femaleandmale
patientswithout preoperativepain wascomparablgTableb).

D. Pain relief received. Themeanamountof painreliefreceivedvas62%(+27%);
womenreceiveda similaramountof painreliefcomparedo men (P = 0.944)Table5). The
subgroupanalysisaccordingto ageshowedhatin the olderagegroup (> 50years)vomen
receivedasignificantlyloweramountof painreliefcomparedo men(p = 0.040)In contrast
in theyoungeragegroupwomenexperience@higheramountof painreliefthanmen
(p = 0.025)Table5). Painreliefscoreshowedcomparableesultsbetweerboth sexeén the
subgroupanalysisaccordingto preoperativepain (Tableb).
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Table 5. Results of sex differences in postoperative pain outcome and subgroup analysis focusing on the influence of age and preoperative pain.

Outcome

Worst pain since surgery

Time spent in severe pain

Interference of pain with in-bed activities

Feeling anxious due to pain

Feeling helpless due to pain

Cumulative opioid consumption(mg/kg)

Relief from pain

Wish for more treatment was “Yes”

Satisfaction with pain treatment

Sex All Groups Age Groups Preoperative Pain Groups
<50 years >50 years with without
Women 5.75 “2.61 5.85 “2.59 5.68 “2.85 5.97 “2.72 5.24 “2.71
Men 5.20 “2.70 5.58 “2.61 4.72 “2.73 5.50 “2.60 4.89 “2.78
Women 34% “25% 34% “24% 34% “26% 37% “26% 27% “23%
Men 27% “23% 27% “23% 26% “22% 29% “23% 24% “22%
Women 4.65 “2.83 4.68 “2.83 4.64 “2.83 4.97 “2.71 3.92 “2.98
Men 4.38 “2.83 481 “2.82 3.85 “2.76 475 “2.73 3.98 “2.91
Women 2.66 “2.53 2.69 “2.49 2.65 “2.57 2.98 “2.60 1.90 “2.17
Men 2.18 “2.39 2.30 “2.44 2.04 “2.33 2.58 “2.46 1.73 “2.22
Women 3.13 “3.05 3.01 “2.95 3.24 “3.14 3.59 “3.20 2.12 “2.44
Men 2.31 “2.66 2.37 “2.69 2.23 “2.63 2.74 “2.78 1.81 “2.43
Women 0.39 “0.50 0.39 “0.48 0.39 “0.51 0.45 “0.55 0.25 “0.34
Men 0.31 “0.41 0.36 “0.44 0.24 “0.37 0.32 “0.42 0.30 “0.41
Women 62% “26% 66% “24% 59% “27% 59% “26% 69% “26%
Men 62% “28% 60% “28% 64% “27% 59% “27% 64% “28%
Women 19% (72/388) 22% (37/169) 16% (35/218) 22% (58/267) 11% (13/117)
Men 17% (80/471) 19% (48/260) 15% (32/211) 20% (49/244) 14% (31/225)
Women 7.62 “2.75 7.62 “2.60 7.60 “2.88 7.49 “2.77 7.96 “2.69
Men 7.53 “2.79 7.47 “2.61 7.61 “3.01 7.34 “2.93 7.74 “2.62

Results are presented as mean ( “ standard deviation) or relative numbers (% (n/N)). Groups were compared using Mann-Whitney U Test or x? Test (“wish

for more treatment”).
P 0.05 women vs. men

https://da.org/10.1371durnal.pon®178659.t005

E. Patients’ satisfaction with postoperative pain treatment. 17.7%of all patientswould
like to havereceivedmore paintherapy;this wassimilar betweerwomenandmen (p = 0.590)
(Table5). Themeansatisfactiorwith the painmanagemenin all patientswas?7.57(+2.77);
womenand menwereboth comparablysatisfiedwith the pain managemen(p = 0.670)
(Tableb). Both subgroupanalysesgage preoperativeshronic pain) showedo significantdif-
ference®f wishfor moretreatmentandsatisfaction(Table5).

Discussion

In this largesampleof patientsafterorthopedicsurgerywe showthat femalesexis asignificant
predictorfor worstpain sincesurgery Besidegain intensity,we alsoidentified significantsex
differencesn painfrequencypaininterferencewith feelingsandopioid consumptionduring
thefirst 24hourspostoperativelyfFurthermore for thefirst time, we demonstratedhat preop-
erativechronic pain andagearemajor confounderf sexrelateddifferencesn worstPOP
sincesurgeryanddeterminedcertainspeciakubgroupgespeciallplderwomenandwomen
with preoperativechronic pain) asbeingmore or lesssusceptibléo experiencénigh pain
scoresftersurgery.

Sex differences in postoperative pain outcome

Severastudiesnvestigatedsexasapossiblgredictorfor worstPOPintensity;however,
resultsaresometimesot that strongand somestudiesevendo not showsexdifferenceg17+
20].An older gualitativesystematiceviewsummarizingthe availablditeratureconcludedhat
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sexseemsot to beaconsistenpredictorfor POPandanalgesiconsumptionfastraditionally
believedq21]. However morerecentlypublisheddatainvestigatingprocedure-specifirisk
factorsfor the developmenbf severd?OPstronglysupportarole of sexbapartfrom preoper-
ativechronic painandagebasonemajor predictor[12]. Anotherrecentlargeretrospective
studyconfirmedthis by showinga higherrisk of femalego report more severgain events;
howeversexdifferencesveresomehowsmallwith oddsratiosbetweerl.14and1.16[22].
Here,wedemonstrateéhat sexis aswell a predictorfor worstPOPsincesurgerysimilarto
thoseearlierclinicaltrials showingan effecton POP[7+9,12,22]. Newareour additionalfind-
ingson clinical aspectselatedto pain,for examplehatwomenaresignificantlylongerin
severgain aftersurgery We suggesthat this factormight beevenmoreclinicallyimportant;
alongertime in severgpain might compromiseearlymobilizationandphysicatherapy.in
addition,alongertime in severgoain during the earlypostoperativgeriod contributesto the
developmenbf chronic postsurgicapain[23, 24] and might explainin part,why femalesare
athigherrisk to developchronicPOPcomparedo maleq25].

Furthermore,in our studywomenreceived5.8%more opioidscomparedo menduring
thefirst 24hoursaftersurgery Thisresultis consistentwvith someotherclinicaltrials investi-
gatingsexdifferencesn opioid consumptionin the PACU[7, 8]. However two meta-analyses
investigatingsexdifference®f opioid analgesiin patientsreceivinga patientcontrolledintra-
venousopioid analgesidor POPtreatmentreporteda higheranalgesiefficacyof morphinein
womencomparedo men[10]. Thelatterdifferencemight beexplainedby the factthat
womenmight showanincreasedenefitirom self-controlof POPtreatmentwhichis sup-
portedby higheranxietyandhelplessnesscoresn womancomparedo menin our study.
Togethertheresultsobtainedhereconfirm earlierresultsfrom largereal-lifeobservationshat
older patientsreportlowerpostoperativgain [12] with addingthe newfinding of decreased
needfor opioidsin oldermenonly.

Neverthelesghe observeadexdifferencesn POPoutcomewereonly smallin our study.
Furthermore otheranalyzedgain relatedoutcomevariablegpain reliefreceivedwhishfor
more treatmentandoverallsatisfactiorwith pain managementjlid not showanysignificant
sexdifference This might indicatethat the sexdifferencegor the pain relatedoutcomeparame-
ter, for examplepainintensityratings,arenot that clinical relevantfor femalesFor instance,
femaleseento benot really2affected®by their higherpainratings(becausesatisfactiorratings
andwhishfor moretreatmentsveresimilarin malesandfemaleskuggestinghat sexis not
thatrelevantfor the generabspecbf POP.Furthermore this might indicatethat pain intensity
is not the best(and only) outcomeparameterelevantfor aqualifiedpain management.

Confounder for sex differences in postoperative pain outcome

We demonstratdor thefirst time thatageand preoperativechronic pain (but not 2anesthetic
technique®r asurgicalprocedure®)might bemajor confoundergfor sexdifferencesThese
findingspossiblyexplainBatleastin partbwhy sexalonehasnot beenfound consistenthasa
risk factorfor POPin otherstudieq21].

The subgroupanalysigocusingon the clinical relevancef this resultrevealedhat the sex
differencesn painintensity,impairmentof paininterferencewith physicalactivitiesand anxi-
etyscoresveremorepronouncedn theoldergroupof patients,n contrastto the youngerage
groupwheretheseresultswerenot statisticallysignificant.More specificallyplderwomen
received2.5%more opioidscomparedo oldermen,but theyreportedan evenloweramount
of painreliefcomparedo men.This interestingfinding might beexplainedby the factthat
otherfactors ike psychologicavariableganxietyand helplessnesscorespnd physical
impairment,mayhaveagreaterinfluenceon painreliefin older patientscomparedo the

PLOS ONE | https://doi.org/10.1371/journal.pone.0178659 June 6, 2017 10/14


https://doi.org/10.1371/journal.pone.0178659

Confounding factors for sex differences in acute postoperative pain

youngergroup.Recenthit hasbeenshown that psychologicabariableslike anxiety pain cat-
astrophizingandemotionalillnessrepresentatiorarestrongerpredictorsthan ageand other
clinical variabledor persistenpostsurgicapain following hysterectomy26]. Therefore psy-
chologicakupportandspecificinterventionsby the caregiversnayhelpto improve pain man-
agementespeciallyn olderwomenundergoingorthopedicsurgery.

Theresultsof anothersubgroupanalysishowedhatonly in patientswith preoperative
chronic pain sexdifferencesveresignificant. Womenwith preoperativechronicpain report
significanthigherworstpain scoresincesurgery spendasignificantlongertime in severe
pain,showhigherhelplessnesscoresandrequiresignificanthigheramountsof opioidscom-
paredto menwith preoperativgpain.In addition, patientswith preoperativechronic pain
experiencedhigherpostoperativgainintensityandfrequencythan patientswithout preopera-
tive chronicpain. Thelatterfinding might bethe reasorfor sexdifferencesn patientswith
preoperativeehronic pain,becaussexdifferencesppeato bemore pronouncedwhenpost-
operativepainis poorly managedThisis supportedcby arecentlypublishedtrial, whichdem-
onstratedhat sexdifferenceseento bediminishedin womenandmentreatedwith an
epiduralanalgesidor major surgicalproceduresndicatingthat effectivepain managemenis
ableto overcomesexrelateddifferenceg27]. Womenwith preoperativgpain might need
more effectivepain managementhan other patients Futurestudiesshouldinvestigatemeth-
odsin orderto improvethe outcomein this groupof patients.

Limitations

Theresultsof this analysisaarebasedn patientdataof onesingleuniversityhospitalwith an
own standardof POPtreatmentwhich might influencethe generalizatiorof our resultsOn
the otherhand,the singlecenterdatamayhavethe strengthby comparingagroup of uniform
treatmentgsimilar surgeonssimilar postoperativeareandanalgesiecnanagemengtc.).
Patientsanalyzedvithin this databasenostlyweretreatedat least24 hoursaftersurgerywithin
the hospital. Therefore pur resultsmight not betransferabldo outpatientsurgery We did not
analyzeheinfluenceof preoperativeopioid intakeon POPoutcome However it is wellknown
that opioid naivepatientsmight havea differentsensitivityto opioidsthan opioid-dependent
patientswhich might haveinfluencedthe opioid consumption.Thistogethemwith otherfactors
relatedto preoperativgpain needgurther investigationn the future. Becaus¢he opioid con-
sumptionmight beinfluencedby the sexof the prescribingphysician[28, 29], resultsfocusing
on opioid consumptionmight beinfluencedby this bias.However our datawerecollecteddur-
ing daily routine. Thereforethis possiblebiascould not becontrolledfor needgo beinvesti-
gatedin thefuture. Additionally, dueto lackingdatawe cannot excludethat thereweresexor
agerelateddifferencesn patientswho hadcontraindicationgor the normal perioperativepain
managementreatmentdescribedvithin the methodsThis might haveinfluencedthe resultsof
the subgroupanalysisTreatmentrelatedconfoundersalthoughlimited dueto datacollection
within onesinglehospitalandby applyingstandardizeghain managemenprotocolscannotbe
excludedaswell. Furthermore the presenidataonly reflectthefirst 24 hoursfollowing surgery.
Thereforethe calculatecbutcomeanight beinfluenceddirectly by surgeryor anesthesiand
our resultsmight beoverestimateddowever it is wellknown from theliteraturethatthefirst
postoperativelayrepresentshe daywith the highestpain scoregluring postoperativeareand
might bethereforethe mostimportant oneevenfor sexdifference$27].

Conclusion

Thecurrent prospectivalatabasanalysiconfirmedthat femalesexis a significantpredictor
for worstPOPsincesurgery Accordingly,significantsexdifferencesvereseenin other POP-
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relatedoutcomeparametersike time in severgain, paininterferencewith feelingsand opioid
consumption However parameterdike receivedoainrelief or satisfactiorwerenot signifi-
cantlydifferentin malesandfemalesndicatingthat higherpain scoresn femaleslo not result
in disaffectiorand sexdifferenceglependon the outcomeparameterassessellVe further
demonstratedhat ageandpreoperativepain arepredictorsfor worstPOPsincesurgeryas
wellasclinically relevantconfoundingfactorsfor sexdifferencegor worstPOP.More specifi-
cally,subgroupanalysesevealedhat especiallplderwomen(>50yearsandwomenwith
preoperativgpain might beat higherrisk for sufferingfrom worsePOPoutcome.Thelatter
findings might explainthe conflicting resultsfor sexbeinga predictorfor POPin earlierstud-
ies.Apart from that, olderwomenandwomenwith preoperativgpain probablyrequiremore
clinicalawarenesduring postoperativeareby providing multimodal pain treatmentinclud-
ing perioperativgpsychologicasupport.
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