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Abstract

Background: Mounting evidence suggests that medical management may differ signifi-
cantly between female and male patients. Despite studies showing increased sensitivity
to pain, female patients receive less opioid analgesia compared to male patients after sur-
gery. It is uncertain whether perioperative multimodal analgesia differs between sexes in
thoracic surgery. Methods: A retrospective cohort study from January to July 2023 com-
paring multimodal analgesia and perceived pain in the early postoperative period be-
tween female and male patients after video-assisted thoracic surgery (VATS). The primary
endpoint was the opioid demand in the post-anaesthesia care unit (PACU). Secondary
outcomes included pain scores, regional anaesthesia and pain therapy by female, male or
mixed teams. Results: Overall, 46.0% (1 = 92) of the 200 included patients were female and
54% (n = 108) were male. Following VATS, the median piritramide demand was 9.0 [5.3
to 14.9] mg in female vs. 7.7 [4.5 to 12.9] mg in male patients (p = 0.35). Pain scores and
regional anaesthesia were comparable between groups. In the early postoperative period,
more opioids were administered overall and to female patients by all female anaesthesia
teams, compared to mixed or all-male teams. Conclusions: The weight-adjusted dose of
postoperative opioids did not differ between groups; neither did postoperative pain
scores or the application of nerve blocks. The increased opioid demand in female patients
was met by all female teams but not by all-male or mixed teams.
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Sex-based differences exist regarding the clinical presentation and treatment of vari-
ous diseases [1-6]. Regarding postoperative pain, studies after video-assisted thoracic sur-

gery (VATS) and colorectal surgery have shown increased postoperative pain scores in
Copyright: © 2026 by the author.
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procedures show female patients to be particularly at risk for increased postoperative pain
compared to male patients [11]. Differences in central pain processing, particularly re-
duced endogenous pain inhibition, may explain the greater postoperative pain in women
[11-13]. This is quite alarming since it may be interpreted as female patients receiving
fewer opioids than male patients, despite comparable or increased pain, which may be
the result of prescriber bias, women reporting less severe postoperative pain to male as-
sessors or fear of opioid-associated side effects in women [14-16].

This discrepancy is relevant since inadequate analgesia may impair quality of life and
might slow down recovery after surgery by preventing the adequate clearance of secre-
tions and inducing atelectasis, with an increased risk of postoperative pneumonia—a risk
that is particularly pronounced in the immediate postoperative period [17-19]. Early post-
operative pain has also been associated with prolonged lengths of stay in the post-anaes-
thesia care unit (PACU), therefore increasing resource utilisation [20-22]. Additionally,
insufficient control of early postoperative pain may increase myocardial stress and pro-
mote the development of chronic postoperative pain [23-26].

We investigated differences in early postoperative opioid administration and post-
operative pain after video-assisted thoracic surgery (VATS). Based on existing data, we
hypothesised that postoperative pain and opioid doses would be different between male
and female patients. We aimed to evaluate sex differences in postoperative pain percep-
tion and pain after VATS in a real-world therapeutic setting.

2. Methods
2.1. Design

This was a retrospective single-centre study performed in patients undergoing VATS
from January to July 2023 in a tertiary hospital. The study protocol was approved by the
Institutional Review Board (EC number 2204/2023).

2.2. Patients

We included 200 consecutive patients (i) aged 18 years or older, (ii) who underwent
VATS, (iii) and who were admitted to the PACU after surgery. We excluded patients who
received regional anaesthesia other than an erector spinae plane block (ESPB) or inter-
costal block (ICB) or received opioids other than piritramide postoperatively. We also ex-
cluded patients with preoperative opioid use or with chronic pain conditions before sur-
gery. Patients with postoperative prolonged intubation or treatment in an ICU instead of
the PACU after surgery, and patients with missing information about pain management,
were also excluded.

2.3. Intravenous Combination Analgesia

At our centre, during general anaesthesia, remifentanil and fentanyl are combined
with propofol and rocuronium. In patients managed with remifentanil, a bolus (2 to 3
ug.kg! body weight) of fentanyl is administered at the induction of anaesthesia and an-
other (1 to 2 ug.kg"' body weight) at the end of the remifentanil infusion, with no other
long-acting opioids used intraoperatively. Two of the non-opioids metamizole (G.L.
Pharma, Lannach, Austria), acetaminophen (Industria Farmaceutica Galenica, Monteroni
D’arbia, Italy), and diclofenac (Fresenius Kabi, Seiersberg, Austria) are combined with pi-
ritramide (HBM Pharma, Martin, Slovakia) in weight-adjusted doses (1.5 to 4.5 mgi.v.) if
the visual analogue scale (VAS) score exceeds 3 in the PACU.
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2.4. Erector Spinae Plane Block and Intercostal Block

At our centre, the erector spinae plane block (ESPB) is performed under general an-
aesthesia in the lateral decubitus position immediately after skin closure. After locating
the transverse process T4-6 and achieving good visual condition of the superficial muscles
using a 13-6 MHz linear array US transducer (HFL38xi, Sonosite, Bothell, WA, USA) in
the cephalad-to-caudal direction, a 70 mm 22-gauge needle (USC 70 Evolution, Felsberg,
Germany) is inserted using an in-plane approach. After confirming optimal needle tip po-
sition by hydrodissection, an interfascial injection of 30 mL 0.375% ropivacaine (Sintetica,
Mendrisio, Switzerland) combined with 0.5-1 ug.kg of dexmedetomidine (Orion Pharma
Austria, Vienna, Austria) was performed, with dose reduction to 20 mL 0.375% ropiva-
caine in patients below 50 kg BW.

The intercostal block (ICB) was performed intraoperatively by the thoracic surgery
team under single-lung ventilation. Before the end of the surgical procedure, a total of 15
to 20 mL 0.75% ropivacaine (4 mL per intercostal space) was injected 2 to 4 cm laterally of
the costotransverse joint—typically two intercostal spaces above and two below the tho-
racoscopic incision site. Correct needle placement was confirmed by thoracoscopic visu-
alisation via the identification of the intercostal nerve and pleural detachment following
the injection. The ropivacaine dose was reduced to 15 mL in patients below 50 kg BW.

2.5. Data Collected

Demographic data and baseline characteristics for each patient, including their sex,
age, American Society of Anesthesiology (ASA) score, and primary diagnosis, were col-
lected at baseline. The sexes of the anaesthesia consultant and resident, as well as the
PACU nurses, were derived from the medical records. Additionally, the postoperative
piritramide demand, the type and dosage of intraoperative opioids, the intra- and post-
operative non-opioid analgesics, and the use of regional anaesthesia (ESPB and ICB) were
evaluated for all patients. Pain levels were assessed routinely every 30 min in the PACU
by nursing staff using the VAS score from 0 to 10 [17], and sedation levels were assessed
using the modified Ramsay sedation scale (mRSS) [18] until discharge to the ward. Pa-
tients with missing primary outcome data were excluded from the analysis after screening.

2.6. Definitions

Operating time encompassed the duration of surgery from skin incision to skin clo-
sure. All data were extracted from our automated patient data management system. An-
aesthesia teams consisted of the anaesthesia resident and the anaesthesia consultant in
charge of the case, as well as the anaesthesia nurse being in charge of postoperative treat-
ment in the PACU. All female anaesthesia teams were defined as teams in which the an-
aesthesia resident and consultant, as well as the PACU nurse, were of the female sex. All
male anaesthesia teams were defined as teams in which the anaesthesia resident and con-
sultant, as well as the PACU nurse, were of the male sex. Mixed teams were defined as
consisting of male and female anaesthesia providers and PACU nurses. The influence of
the operating surgeon’s sex was not investigated.

2.7. Study Endpoints

The primary endpoint was the cumulative postoperative piritramide demand during
the first 2 h after arrival in the PACU. In our centre, piritramide is the standard intrave-
nous medication for postoperative analgesia in the PACU following thoracic surgery due
to its moderately long duration of action, broad therapeutic range, and familiarity among
all local caregivers [27]. The therapeutic goal for postoperative pain therapy after thoracic
surgery is to achieve a VAS score < 3 by titrating piritramide until this goal is reached.
Therefore, we chose the amount of piritramide as the primary outcome measure.
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As a secondary outcome, we aimed to evaluate the influence of the analgesia-provid-
ing team’s sex on the amount of piritramide administered according to the sex of the pa-
tient. The secondary endpoints included pain scores (VAS) and sedation scores (mRSS) in
the PACU, intraoperative opioids used, and intra- and postoperative non-opioids admin-
istered. We also report the operating time, the length of stay (LOS) in the PACU, the post-
operative LOS in the hospital, and adverse events. We chose to compare the postoperative
piritramide demand and VAS for patients with LOS > 6 h in the PACU during that time
period.

2.8. Sample Size Calculation

Based on the results of previous works showing that female patients received 31%
fewer opioids compared to male patients [9], and previously published data from our own
centre that showed a mean early postoperative piritramide demand of 9.0 (6.4) mg in all
patients [28], we hypothesised that female patients would receive 7.6 mg piritramide in
the early postoperative period, compared to 10.4 mg in male patients. We estimated that
a sample of 83 patients per group (a total of 166) would provide the trial with 80% power
to detect a clinically significant difference in the postoperative piritramide demand be-
tween female and male patients at a two-sided alpha level of 0.05. To account for the un-
equal sample sizes due to slightly fewer female patients undergoing VATS at our centre
compared to male patients [28], and to account for dropouts, the sample was increased by
25% to a total of 208 consecutive patients.

2.9. Statistical Analysis

We compared the postoperative piritramide demand in female and male patients af-
ter VATS. The variables are presented using counts and percentages, means and standard
deviations (SDs), or medians and interquartile ranges (IQRs), depending on the data dis-
tribution as assessed using the Shapiro-Wilk test and inspection of histograms.

To evaluate the primary and secondary outcomes, we employed a two-sided superi-
ority hypothesis. The mean overall and weight-adjusted differences in the postoperative
piritramide demand comparing female and male patients, the use of regional anaesthesia,
and differences regarding the postoperative piritramide dose in all-female, all-male, and
mixed anaesthesia teams are reported.

All statistical analyses were performed using SPSS for Windows, version 29.0 (IBM
Corp., Armonk, NY, USA), and GraphPad Prism for Windows, version 10.0.0 (GraphPad
Software, Boston, MA, USA). We considered a p-value of less than 0.05 as statistically sig-
nificant.

3. Results
3.1. Patients

From January to July 2023, 208 patients underwent VATS. The main reasons for ex-
clusion from the analysis were insufficient documentation of VAS or analgesia, preopera-
tive opioid use, and conversion to thoracotomy (Figure 1). Of the included 200 patients,
46.0% (n = 92) were female and 54% (n = 108) were male. The majority of patients had a
malignancy and underwent elective surgery. Urgent surgery was more frequent in male
patients (Table 1). Diagnoses and surgical procedures were comparable between female
and male patients. Diagnostic VATS and VATS-pleurectomy were performed more fre-
quently in male patients (Table 1).
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Figure 1. Flowchart of patient inclusion process. Abbreviations: VATS, video-assisted thoracic sur-

gery; PDMS, patient data management system; ICU, intensive care unit.

Table 1. Patient demographics and baseline characteristics.

Female Patients Male Patients

(n=92) (=108) b
Age, years 65.1[55.6t0 73.7] 63.2[47.9 to 72.9] 0.23
Weight, kg 68.0 [60.0 to 80.0] 78.0[66.0t091.8] <0.01
BMI, mean (SD) 25.0[21.3t029.7] 25.2[22.4 t0 27.9] 0.79
ASA score 3.0 [2.0 to 3.0] 3.0 [2.0 to 3.0] 0.68
Type of surgery
Elective surgery, n (%) 91 (98.9) 97 (89.8) 0.03
Urgent surgery, n (%) 1(1.1) 11 (11.2) '
Regional anaesthesia
ESPB, n (%) 46 (50.0) 55 (50.9) 0.90
ICB, n (%) 20 (21.7) 16 (14.8) 0.20
No RA, n (%) 26 (28.3) 37 (34.3) 0.36
Primary diagnosis 0.14
Malignancy, # (%) 67 (72.8) 64 (59.2)
Pathology pending 42 35(32.4)
Adenocarcinoma 12 12 (11.1)
Squamous cell carcinoma 4 6 (5.6)
Non-small-cell lung cancer 3 3(2.8)
Metastasis 5 5 (4.6)
Other malignancy 1 3(2.8)
Pneumothorax, n (%) 2(2.2) 19 (17.6)
Pleural effusion, n (%) 9 (9.8) 9 (8.3)
Haemothorax, n (%) 2(2.2) 2 (1.9)
Empyema, n (%) 4 (4.3) 5 (4.6)
Emphysema, 1 (%) 1(1.1) 2 (1.9)
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Other, n (%) 7(7.6) 7 (6.5)
Surgical intervention 0.06
EASR/ASR, 1 (%) 39 (42.4) 35 (32.4)
Single EASR, n 20 20
EASR + ASR, n 1 0
Multiple EASR, n 10 8
Multiple EASR + ASR, n 1 0
Single ASR, n 5 5
Multiple ASR, n 1 2
ASR + diaphragm reconstruction 1 0
Lobectomy/pneumonectomy, 1 (%) 25 (27.2) 24 (22.2)
Lobectomy, n 20 19
Lobectomy + EASR, n 5 4
Bilobectomy, n 0 1
Pleurodesis 7 (7.6) 3(2.8)
Pleurodesis 6 3
Pleurodesis + IPC 1 0
Diagnostic VATS, n (%) 7 (7.6) 13 (12.0)
Diagnostic VATS 1 10
Diagnostic VATS + IPC 3 2
Diagnostic VATS + pleurectomy 1 0
Diagnostic VATS + single EASR 2 0
Diagnostic VATS + multiple EASR 0 1
Pleurectomy 6 (6.5) 24 (22.2)
Pleurectomy 5 17
Pleurectomy + EASR 1 7
Miscellaneous, 1 (%) 9(9.8) 8(7.4)
Bullectomy 0 1
Haematoma evacuation 1 0
Other 8 7

Data are presented as mean (SD) or as numbers (%). Abbreviations: BMI, body mass index; ASA,
American Society of Anesthesiologists Physical Status Classification; ESPB, erector spinae plane
block; ICB, intercostal block; RA, regional anaesthesia; EASR, extraanatomical segment resection;

ASR, anatomical segment resection; IPC, intrapleural catheter; VATS, video-assisted thoracic sur-

gery.

3.2. Postoperative Piritramide

The postoperative piritramide demand in the PACU within 2 h of arrival in the
PACU was 9.0 [5.3 to 14.9] mg in female patients, compared to 7.7 [4.5 to 12.9] mg in male
patients (p = 0.35, Figure 2A and Table 2). The weight-adjusted piritramide demand in the
PACU did not differ between female and male patients (p = 0.928, Table 2).
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Figure 2. Box and whisker plots of postoperative piritramide dose in female and male patients and
pain scores. (A) Piritramide dose and (B) pain scores in patients after VATS; (C) pain scores in all
patients, female patients, and male patients treated by all-female, all-male, and mixed anaesthesia
teams; (D) piritramide dose in all patients, female patients, and male patients treated by all-female,
all-male, and mixed anaesthesia teams. Abbreviations: F, female patients; M, male patients; VAS,
visual analogue scale; AFT, all-female anaesthesia team; AMT, all-male anaesthesia team; MT,

mixed anaesthesia team.
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Table 2. Piritramide dose and VAS for pain in the first 2 hours after arrival in the PACU.
Female Patients Male Patients
(n=92) (n =108) P
Primary outcome
Median piritramide dose in first 2 h, mg [IQR] 9.0[5.3 to 14.9] 7.7 [4.5t0 12.9] 0.35
Median piritramide dose per kg BW in first 2 h, mg [IQR] 0.14 [0.07-0.21] 0.10 [0.05-0.18] 0.09
Secondary outcomes
Median VAS for pain in first 2 h [IQR] 2.5[1.0 to 3.8] 2.5[1.0 to 3.8] 0.99
Sedation score in first 2 h, mg, median [IQR] 3.0 [2.3 to 3.0] 3.0[2.5t03.0] 0.45
Operating time, min, median [IQR] 95.5 [57.0 to 155.5] 91.5 [49.8 to 139.8] 0.14
LOS
In PACU, min, median [IQR] 120.0 [105.0 to 163.8] 130.0 [108.3 to 180.0] 0.41
In hospital, days, median [IQR] 4.0 [2.8 to 5.0] 3.0 [3.0 to 5.0] 0.59
Death in hospital 0 (0.0) 2(1.9) 0.50
Analgesia
Intraoperative:
Remifentanil, n (%) 78 (84.8) 103 (95.4) 0.02
Remifentanil maintenance dose, pg per kg BW per minute 0.23[0.21 to 0.28] 0.24 [0.21 to 0.26] 0.54
Fentanyl, n (%) 74 (80.4) 86 (79.6) 0.89
Fentanyl, pg, median [IQR] 275.0 [150.0 to 350.0] 275.0 [150.0 to 168.8] 0.74
Intra- and postoperative:
Metamizole, n (%) 80 (87.0) 92 (85.2) 0.84
Metamizole, mg, median [IQR] 1000 [1000.0 to 2500.0] 2000.0 [1000.0 to 2500.0] 0.39
Diclofenac, n (%) 50 (54.3) 52 (48.1) 0.40
Diclofenac (mg) 75.0 [0.0 to 75.0] 0.0 [0.0 to 75.0] 0.39
Acetaminophen, 1 (%) 42 (45.7) 42 (38.9) 0.40
Acetaminophen, mg, median [IQR] 0.0 [0.0 to 1000.0] 0.0 [0.0 to 1000.0] 0.31

Data are presented as median with interquartile range [IQR]. Abbreviations: PACU, post-anaesthe-

sia care unit; BW, body weight; VAS, visual analogue scale; LOS, length of stay. VAS used a scale of

1 to 10; sedation score used a scale between 0 and 3.

3.3. Postoperative Pain Scores

The VAS during the first 2 h in the PACU did not differ between female and male

patients (Figure 2B and Table 2).

3.4. Influence of Treatment Team’s Sex

The VAS during the first 2 h in the PACU did not differ according to whether patients

were treated by all-female, all-male or mixed teams or whether patients were male or fe-
male. Overall, significantly more piritramide was administered by all-female teams (14.0
[9.0 to 18.8] mg) compared to all-male (6.0 [3.0 to 13.5] mg, p = 0.02) and mixed teams (7.5
[4.5 to 12.0] mg, p = <0.01). Significantly more piritramide was also administered by all-
female teams to female patients (16.3 [13.1 to 21.0] mg) compared to all-male teams (8.3
[4.5 to 13.9] mg, p <0.01) and mixed teams (8.3 [3.0 to 12.0] mg, p <0.01) (Figure 2C,D and
Table 3). Adverse events including PONV and LOS in the PACU did not differ between
patients treated by all-female, all-male and mixed anaesthesia teams (Supplementary Ma-
terials, Table S1).

Table 3. Piritramide dose and VAS in PACU according to sex of treatment team.

All-Female Teams All-Male Teams Mixed Teams

(AFT, 1 =33) (AMT, n=19) (MT, n=148) P
All patients
Median VAS for pain in first 2 h [IQR] 2.8 [1.5 to 4.0] 20[00t03.3] 2.5[1.1t03.7] 0.28
. .. . C AFT-AMT 0.02
Median piritramide dose in first 2 h, mg [IQR] 14.0 [9.0 to 18.8] 6.0 [3.0t013.5] 7.5[4.5to 12.0] AFT-MT < 0.01

https://doi.org/10.3390/jcm15041397



J. Clin. Med. 2026, 15, 1397 9 of 14
AMT-MT 1.0
o o AFT-AMT 0.03
" QR]MEdla“ piritramide dose per kg BW in first 2h, mg 1 3) 01[0.0t002] 0.1[0.1t002] AFT-MT <0.01
AMT-MT 1.0
Female patients
Median VAS for pain in first 2 h [IQR] 3.1[1.9 to 4.0] 1.8[0.0t032] 22[0.9 to3.5] 0.13
AFT-AMT < 0.01
Median piritramide dose in first 2 h, mg [IQR] 16.3[13.1t021.0] 83[45t013.9] 8.3[3.0to12.0] AFT-MT<0.01
AMT-MT 1.0

Medjian piritramide dose per kg BW in first 2 h, mg

[IQR]

AFT-AMT =0.01
0.3[0.2t0 0.3] 01[01t00.2] 0.1[0.1to0.2] AFT-MT<0.01

AMT-MT 1.0
Male patients
Median VAS for pain in first 2 h [IQR] 2.6 [0.7 to 3.3] 2.0[0.0t03.6] 2.5[1.4 to3.8] 0.40
Median piritramide dose in first 2 h, mg [IQR] 9.0 [3.0 to 14.0] 45[0.0to14.0] 7.5[4.5t012.4] 0.63
di iritramide d kg BW in first 2 h
Median piritramide dose per kg BW in first 2, mg 16 4091 0.1[0.0t002] 0.1[0.1t00.2] 0.66

[IQR]

Data are presented as median with interquartile range [IQR]. Abbreviations: PACU, post-anaesthe-
sia care unit; BW, body weight; VAS, visual analogue scale. VAS used a scale of 1 to 10.

3.5. Additional Endpoints

There were no differences regarding the use of ICB and ESPB, sedation scores in the
PACU, regional anaesthesia, LOS in the PACU, LOS in the hospital, in-hospital mortality,
or perioperative non-opioid analgesia between female and male patients. The postopera-
tive piritramide demand and VAS during the first 6 h in patients with LOS > 6 h in the
PACU did not differ between female and male patients (p = 0.88 and p = 0.65, Table S2).
Remifentanil was more frequently used in male (n = 103 (95.4%)) compared to female pa-
tients (n =78 (84.8%), p = 0.02) (Table 2).

4. Conclusions

Our findings can be summarised as follows: (1) the early postoperative opioid de-
mand in the PACU did not differ between female and male patients after VATS; (2) neither
did early postoperative pain scores (3) or the use of regional anaesthesia; (4) more piritra-
mide was administered by all-female anaesthesia teams overall (4) and by all female teams
to female patients compared to all-male or mixed anaesthesia teams; and (5) this was not
associated with differences in any adverse events, including sedation and PONV, and did
not increase the LOS in the PACU.

To the best of our knowledge, this is the first investigation comparing postoperative
analgesia and pain in female and male patients after VATS and assessing the potential
roles of all-female, all-male and mixed anaesthesia teams in perioperative pain therapy.
Consecutive patients were included until the previously calculated sample size was
reached, with exclusion criteria limited to patients under preoperative opioids or remain-
ing intubated. The prespecified analysis plan was strictly adhered to after the dataset was
examined for completeness. Standardised pain therapy aiming for a VAS <3 and the eval-
uation of pain and sedation scores is routinely performed and documented by the nursing
team in the PACU; thus, our study reflected a real-world treatment scenario. Due to the
retrospective nature of the study, the anaesthesiologists and nurses were unaware of the
study and not prone to documentation or treatment bias.

Numerous investigations in various acute conditions have shown inferior outcomes
or suboptimal treatment in female patients compared to males, resulting in delayed as-
sessment, delayed treatment, increased mortality, lower odds of being prescribed opioid
analgesics, and being treated with benzodiazepines rather than analgesics for pain. Over-
all, female patients are often at a structural disadvantage in the medical system [29-31].
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Several investigations and meta-analyses have examined postoperative pain in fe-
male and male patients and healthy volunteers. Overall, painful stimuli or postoperative
pain were perceived as more intense by female volunteers [32,33], and the female sex was
found to negatively influence postoperative pain in the majority of surgical procedures
[11]. Hrebinko and colleagues examined pain control after colorectal surgery and ob-
served no significant difference regarding the dose of opioids administered postopera-
tively, despite increased postoperative pain scores in female patients [7]. Karamesinis et
al. observed that female patients received significantly fewer opioids after cardiac surgery,
which may indicate a reduced opioid demand or insufficient pain therapy in females [9].
Undertreatment may occur through physician bias, falsely attributing female patients’
symptoms and complaints to anxiety or emotional discomfort rather than recognising and
treating them as pain [15,34]. Patient-physician sex discordance, with female patients re-
porting lower pain scores for male than for female investigators, might also impair post-
operative pain therapy in women [16]. A pioneering investigation in this field reported
that fewer opioids and more sedatives were administered for pain complaints in female
patients compared to male patients [35]. Thus, data regarding the influence of the patient’s
sex on pain therapy are conflicting and lacking, particularly after thoracic surgery. In our
investigation, the perceived levels of pain and administered opioids were similar between
sexes during the early postoperative period. This can be explained by the adherence to a
strict protocol evaluating pain and sedation scores in all patients during the initial post-
operative period, with a minimum interval of 30 min or at a higher frequency.

Regional anaesthesia by ESPB or ICB was performed at a high (>70% of all patients)
and equal rate in female and male patients for multimodal analgesia. This practice could
certainly influence pain control in the early postoperative period and should be advocated
for in all patients [25]. Teams of all-female caregivers administered significantly more pi-
ritramide overall compared to all-male and mixed teams. Teams of all-female caregivers
also administered significantly more piritramide to female patients than all-male and
mixed teams. No such effect was found in male patients.

Our data are in line with mounting evidence from large collectives of surgical and
medical patients alike, indicating clear differences in treatment due to the caregiver’s sex.
This effect was found to be particularly pronounced in female patients receiving treatment
by female physicians [36-38]. The underlying cause cannot be determined with certainty,
leaving room for speculation. The opioid dose delivered via patient-controlled analgesia
(PCA) is the gold standard in intravenous opioid analgesia and might rule out potential
sex differences in postoperative pain therapy [39—41]. No adverse effects of the increased
opioid dose provided to female patients by all-female teams of caregivers were observed
in our study. Undesirable opioid-associated side effects include PONV and oversedation,
leading to an increased LOS in the PACU and impairing early recovery after surgery; these
were not observed in our study [23,25,42,43].

Our study has limitations —mainly the relatively short 2 h observation period for the
primary outcome and the retrospective design. The observation period was chosen for
several reasons. Most patients are transferred to the ward after two hours if postoperative
recovery is uneventful. Furthermore, pain monitoring and analgesia are more standard-
ised in our PACU than after transfer to the surgical ward. While 2 h is a short period, the
reduction of early postsurgical pain is essential to reduce myocardial stress and improve
effective coughing while reducing opioid-associated side effects, as well as preventing the
development of chronic postoperative pain caused by inadequate analgesia [23,25]. Of
note, the results in the 6 h observation period were consistent with the findings of the 2 h
analysis. The number of female and male patients treated by all-female and all-male teams
was relatively small compared to the number of patients treated by mixed teams. There-
fore, we cannot exclude the possibility that the observed effects arose by chance. Due to
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the study design, we also cannot exclude the influences of other factors, including patients’
comorbidities or the influence of specific surgeons or anaesthesiologists on the results.
Demographic differences may also have affected the results, including more urgent sur-
gery and a higher percentage of male patients receiving remifentanil. Urgent surgery is
unlikely to have influenced the results, as such procedures at our centre are performed
within 24 h and differ only marginally from elective surgery. While intraoperative fenta-
nyl was used in the overwhelming majority of patients, remifentanil was used in a higher
proportion of male patients. Although remifentanil is usually not used in doses above 0.25
1g/KG BW/min in our centre, and the intraoperative weight-adjusted dose did not differ
between female and male patients, potentially occurring hyperalgesia associated with
remifentanil might therefore have affected more male compared to female patients [35,36].
The PACU nurses were not blinded, but, since this was a retrospective analysis, they were
unaware of the study. The VAS at deep inspiration or cough could not be compared be-
tween groups, since the VAS is measured and documented at rest only in our PACU.
Based on these results, we conclude that the early opioid demand and early postop-
erative pain after VATS were comparable between female and male patients, with no dif-
ferences in undesirable side effects. The aim of pain therapy, i.e., to achieve a VAS <3, was
achieved in both sexes, underscoring the effectiveness of a stringent postoperative proto-
col. The observation that patients received more opioids if they were cared for by all-fe-
male teams has to be noted with caution due to the small number of patients examined
and the fact that adequate pain control could be achieved by all groups of caregivers alike.
However, increased opioid administration was not associated with an increase in opioid-
related adverse effects. The effect of the sex difference in caregivers regarding pain ther-
apy is to be regarded as a signal at this point and should be further explored in the future.
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