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Battle of the Blocks: Which Pain Management Technique 
Triumphs in Gender-Affirming Bilateral Mastectomies?

Sengottaian Sivakumara, b, Roni Mendoncaa, Michael Girshina

Abstract

Background: Gender-affirming mastectomy, performed on transgen-
der men and non-binary individuals, frequently leads to considerable 
postoperative pain. This pain can significantly affect both patient sat-
isfaction and the overall recovery process. The study examines the 
efficacy of four analgesic techniques pectoral nerve (PECS) 2 block, 
erector spinae plane (ESP) block, thoracic wall local anesthesia infil-
tration (TWI), and systemic multimodal analgesia (SMA) in manag-
ing perioperative pain, with special consideration for the effects of 
chronic testosterone therapy on pain thresholds.

Methods: A retrospective analysis was conducted on patients aged 
18 - 45 who underwent gender-affirming bilateral mastectomies at a 
New York City community hospital. The study compared intraopera-
tive and post-anesthesia care unit (PACU) opioid consumption, post-
operative pain scores, the interval to first rescue analgesia, and total 
PACU duration among the four analgesic techniques.

Results: The study found significant differences in intraoperative 
and PACU opioid consumption across the groups, with the PECS 2 
block group showing the least opioid requirement. The PACU mor-
phine milligram equivalent (MME) consumption was highest in the 
SMA group. Postoperative pain scores were significantly lower in the 
PECS and ESP groups at earlier time points post-surgery. However, 
by postoperative day 2, pain scores did not significantly differ among 
the groups. Chronic testosterone therapy did not significantly impact 
intraoperative opioid requirements.

Conclusion: The PECS 2 block is superior in reducing overall opi-
oid consumption and providing effective postoperative pain control 
in gender-affirming mastectomies. The study underscores the impor-
tance of tailoring pain management strategies to the unique physi-
ological responses of the transgender and non-binary community. Fu-
ture research should focus on prospective designs, standardized block 
techniques, and the complex relationship between hormonal therapy 
and pain perception.
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therapy; Pectoral nerve block; Erector spinae plane block; Thoracic 
wall infiltration; Non-binary individuals; Retrospective analysis; An-
algesic efficacy

Introduction

In the realm of gender-affirming surgical procedures, top 
surgery clinically known as masculinization chest surgery 
stands as a pivotal intervention for transgender men and non-
binary individuals assigned female at birth [1]. This surgical 
approach, primarily composed of mastectomy, is a corner-
stone in alleviating gender dysphoria and enhancing the con-
cordance between an individual’s physical appearance and 
gender identity, thereby significantly augmenting the quality 
of life [2]. Nevertheless, the perioperative period is frequent-
ly accompanied by considerable pain, a factor that can pro-
foundly impact patient outcomes and recovery. Recognizing 
the necessity for efficacious pain management strategies is 
paramount in the context of such procedures. Historically, a 
variety of analgesic techniques have been employed, includ-
ing the pectoral nerve (PECS) 2 block, erector spinae plane 
(ESP) block, thoracic wall local anesthesia infiltration (TWI), 
and systemic multimodal analgesia (SMA), supplemented by 
additional methods such as the serratus anterior block and 
intercostal nerve block [3-6]. A critical aspect often over-
looked in the analgesic paradigm is the influence of chronic 
testosterone therapy, which is commonly prescribed for the 
masculinization of transgender and non-binary individuals. 
Chronic administration of testosterone is known to modu-
late pain thresholds, thus potentially altering the analgesic 
requirements for these patients [7, 8]. Considering this, our 
retrospective comparative analysis aims to elucidate the anal-
gesic efficacy of four perioperative pain management strate-
gies in gender-affirming bilateral mastectomies. Our primary 
outcome will involve a comparison of intraoperative and 
post-anesthesia care unit (PACU) opioid consumption, quan-
tified in morphine milligram equivalent (MME). Secondary 
outcomes will encompass differences in pain scores between 
patients receiving chronic testosterone therapy, postoperative 
pain scores, the interval to first rescue analgesia, and the to-
tal duration within the PACU. Through this investigation, we 
aspire to refine pain management protocols to better serve 
the transgender and non-binary community by acknowledg-
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ing and integrating their unique physiological responses to 
chronic testosterone therapy.

Materials and Methods

This retrospective analysis was conducted upon approval by 
the Institutional Review Board (IRB committee approval num-
ber 22-12-226-182). The study was conducted in compliance 
with the ethical standards of the responsible institution on hu-
man subjects as well as with the Helsinki Declaration. It en-
tailed a comprehensive review of electronic medical records 
for patients who underwent gender-affirming mastectomies at 
a community hospital in New York City from October 2021 
to October 2022. Inclusion criteria were confined to patients 
aged 18 - 45 years who underwent gender-affirming bilateral 
mastectomies under general anesthesia and were managed 
with one of four perioperative pain strategies: PECS 2 block, 
ESP block, TWI, or SMA. It is imperative to note that thoracic 
infiltration refers to administering a local anesthetic solution to 
incision lines, utilizing either 0.25% bupivacaine or 0.2% ropi-
vacaine, 20 mL on each side for both the types of blocks. Ad-
ditionally, systemic analgesia comprised the use of opioids and 
NSAIDs, including ketorolac and intravenous acetaminophen. 
Exclusion criteria encompassed patients with chronic pain dis-
orders or opioid dependency, those who had revision or recon-
structive surgeries in addition to the mastectomy, those with 
allergies or contraindications to any study analgesics, or those 
with significant comorbidities affecting pain management 
strategy safety or efficacy. Importantly, as this was a single-
centered study, all surgical procedures were performed by the 
same surgeon, ensuring consistency in surgical techniques and 
reducing variability in the surgical component of the study.

In our study, patients were presented with the choice of 
two primary nerve block techniques for their analgesic man-
agement: the ESP block and the PECS block. The ESP block 
was typically performed with the patient in a sitting position 
prior to the induction of anesthesia, whereas the PECS block 
was usually administered with the patient in a supine position 
after anesthesia had been initiated. The choice between these 
techniques was offered to patients based on their comfort with 
being conscious during the block procedure and their prefer-
ence for body positioning. Those who opted for the nerve block 
while awake and in a sitting position were allocated to the ESP 
group. Conversely, patients who preferred to be anesthetized 
and thus unaware of the block procedure were assigned to the 

PECS block group. Both the blocks were performed under ul-
trasound guidance. This patient-centered approach to the se-
lection of analgesic technique allowed for individualized care, 
but also introduced a potential selection bias into our study, 
as patients’ preferences may have been influenced by factors 
not accounted for in our analysis, such as previous experiences 
with anesthesia, anxiety levels, and expectations of postopera-
tive pain and recovery.

Sample size calculation

A power analysis using Altiparmak et al’s [9] effect size indi-
cated that 16 subjects per group needed to achieve 80% power 
at a 0.05 alpha level. Our study enrolled 22 per group, sum-
ming to 88, surpassing the recommendation for robust statisti-
cal power.

Statistical analysis

In this study, we extracted a wide range of data, including pa-
tient demographics, surgical specifics, pain management ap-
proaches, perioperative pain levels, analgesic use, and various 
time-related measures. Patients were categorized into four 
groups based on their pain management technique. Our pri-
mary evaluation focused on intraoperative and PACU opioid 
use, measured in MME, and secondary evaluations included 
numeric rating scale (NRS) pain scores, timing of initial rescue 
analgesic, and PACU duration. We used analysis of variance 
(ANOVA) and Kruskal-Wallis tests for our dual-faceted statis-
tical approach, accommodating both parametric and non-par-
ametric data, with a significance cut-off at P < 0.05. Analyses 
were performed using SPSS software 27.0.

Results

Our retrospective analysis showed that the demographic char-
acteristics - age (mean 26.99 ± 5.588 years) as shown in Table 
1, body mass index, and American Society of Anesthesiology 
physical status - were consistent across the groups, thus allow-
ing for a valid comparison of the interventions.

The ANOVA suggests that there was a significant differ-
ence in the means of intraoperative MME across the groups 

Table 1.  Age Distribution of Participants by Group

Group N Mean age Standard deviation Standard error 95% CI Minimum age Maximum age
PECS 22 28.41 5.941 1.267 25.77 - 31.04 19 43
ESP 22 27.18 6.154 1.312 24.45 - 29.91 19 45
SMA 22 25.65 5.122 1.068 23.44 - 27.87 19 38
TWI 22 26.78 5.125 1.069 24.57 - 29.00 19 38
Total 88 26.99 5.588 0.589 25.82 - 28.16 19 45

CI: confidence interval; PECS: pectoral nerve; ESP: erector spinae plane; TWI: thoracic wall local anesthesia infiltration; SMA: systemic multimodal 
analgesia.
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(PECS 17.77 ± 8.986 vs. ESP 24.45 ± 11.887 vs. SMA 24.91 
± 8.372 vs. TWI 23.78 ± 7.804, P = 0.044), with PECS group 
having the least and SMA group having the maximum intra-
operative MME requirement. However, the post-hoc Tukey 
honestly significant difference (HSD) test did not show any 
pairwise group comparison of statistical significance (Fig. 1).

The ANOVA suggests that the PACU MME in various 
groups was statistically significant (PECS group 2.95 ± 3.078 
vs. ESP 2.18 ± 2.889 vs. SMA 5.09 ± 2.372 vs. TWI 4.87 ± 
1.842, P < 0.05), with SMA group having the highest require-
ment of analgesic in terms of MME in the PACU, and ESP the 
least. Pairwise group comparison showed a significant differ-
ence in PACU MME between PECS vs. SMA, ESP vs. SMA, 
ESP vs. TWI, and TWI vs. ESP (P < 0.05). There was no sig-
nificant difference in PACU analgesic requirement between 
SMA and TWI (Fig. 2).

The study assessed postoperative pain levels at different 
time intervals (30, 60, 90, 120 min, and day 2) among the four 
groups: PECS, ESP, SMA, and TWI, as shown in Figure 3. At 
30 min post-surgery, SMA and TWI groups reported the high-
est NRS pain levels (8.13 and 7.96, respectively), much higher 
than PECS (4.27) and ESP (4.73). This trend continues at 60 
min, where SMA reports an average pain of 5.04 and TWI 
4.74, compared to PECS and ESP, which report significantly 
lower values. By 90 min, the pain levels started to reduce for 
all groups, with the highest mean pain reported by SMA (2.52). 
At the 120-min mark, the pain levels across all groups are no-
tably reduced, with SMA still reporting the highest mean pain 
of 1.35. ANOVA results corroborate these findings, with sig-
nificant group differences observed at 30, 60, and 90 min (P 

< 0.05). However, by 120 min, the P-value suggests that the 
group differences are not statistically significant. Tukey HSD 
post-hoc analysis for pain at 30 and 60 min indicates signifi-
cant differences between the SMA PECS and ESP groups. At 
the 90-min mark, the SMA group’s pain differs significantly 
from the PECS group, but other pairwise comparisons are not 
consistently significant. The non-parametric Kruskal-Wallis 
test also supports these observations, with significant differ-
ences in pain scores across the groups at 30, 60, and 90 min 
but not at 120 min. Pain levels are significantly different across 
the groups at earlier postoperative intervals (30, 60, and 90 
min), particularly between SMA and the PECS/ESP groups. 
However, these differences diminish and are not statistically 
significant by 120 min post-surgery (Fig. 3).

The NRS pain scores on postoperative day 2 (POD 2) did 
not significantly differ across the four groups (PECS 1.95 ± 
0.722, ESP 1.82 ± 1.097, SMA 2.70 ± 1.521, and TWI 2.09 
± 1.564, P > 0.05) (Fig. 4). The study found that there was a 
significant difference in the time to first rescue dose among the 
groups (in minutes, PECS 20.73 ± 3.712, ESP 11.52 ± 10.939, 
SMA 13.39 ± 2.388, TWI 13.48 ± 2.410, P < 0.05) (Fig. 5).

PECS group had the highest average time to rescue dose, 
and this was significantly different from all the other groups. 
However, no significant differences in time were observed be-
tween the groups ESP, SMA, and TWI, using both parametric 
(ANOVA) and non-parametric (Kruskal-Wallis) tests. Between 
the four groups, the time spent in the PACU in minutes was not 
statistically significant (PECS 135.27 ± 52.294, ESP 175.82 
± 83.649, SMA 151.87 ± 43.262, TWI 144.09 ± 45.130, P > 
0.05), with patients who received ESP, spending the most time 

Figure 1. The mean intraoperative morphine milligram equivalent (MME) scores for each group (PECS, ESP, SMA, TWI) with 
95% confidence intervals. Each bar represents the average MME score for a group, visually comparing the anesthesia require-
ments across the different groups. PECS: pectoral nerve; ESP: erector spinae plane; TWI: thoracic wall local anesthesia infiltra-
tion; SMA: systemic multimodal analgesia.
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in PACU (Fig. 6). There was no inter-group significance either. 
The SMA and TWI groups had similar average times of 151.87 
and 144.09 min, respectively. Looking at the data collectively, 

across all 88 samples, the overall mean time spent in the PACU 
was 151.68 min. This central tendency closely mirrors the av-
erages of the SMA and TWI groups.

Figure 3. The mean pain scores at different time intervals (30, 60, 90, and 120 min) for each group (PECS, ESP, SMA, TWI) along 
with their 95% confidence intervals allowing for a direct comparison of how pain scores evolve for each treatment group. PECS: 
pectoral nerve; ESP: erector spinae plane; TWI: thoracic wall local anesthesia infiltration; SMA: systemic multimodal analgesia.

Figure 2. Bar graph representing the post-anesthesia care unit (PACU) morphine milligram equivalent (MME) for each group, 
complete with a legend indicating the mean PACU MME with standard error of the mean (SEM).
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The same 88 patients were analyzed for pain scores based 
on their chronic testosterone therapy. Table 2 delineates two 
cohorts of patients differentiated by their chronic testoster-
one therapy status, where group A, constituting 54 patients, 
was on such therapy, and group B, consisting of 34 patients, 
was not. Group A’s mean intraoperative MME was recorded 

at 18.45 mg, with a confidence interval (CI) spanning 16.0 to 
20.9 mg. Group B demonstrated a higher mean MME of 21.54 
mg, with a CI extending from 19.0 to 24.1 mg. In assessing 
the difference in intraoperative MME between the two groups, 
we applied Welch’s t-test. This statistical method does not pre-
sume equal variances or sample sizes between the groups. This 

Figure 4. NRS pain scores on postoperative day 2 (POD 2) for the four groups. NRS: numeric rating scale.

Figure 5. The mean interval between arrival to post-anesthesia care unit (PACU) and administration of first rescue dose, with 
error bars representing the standard deviation for each group.
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approach is particularly pertinent in our study, as group A (T 
therapy) comprised 54 patients while group B (no T therapy) 
had 34 patients. The Welch’s t-test yielded a t-statistic of -1.76 
and a P-value of 0.082. Although this P-value suggests a trend 
toward lower MME usage in group A, it did not reach the con-
ventional threshold for statistical significance (P = 0.082). This 
finding indicates that, while there is a numerical difference in 
mean MME between the groups, the evidence is not strong 
enough to rule out the possibility that this difference is due to 
random variation rather than the effect of T therapy (Fig. 6).

Discussion

Opioid sparing anesthesia and opioid free anesthesia (OFA) 
favors multimodal analgesia to reduce or avoid opioids during 
perioperative care [9]. Benefits include less risk of side effects 
like nausea, vomiting, and respiratory depression, leading to 
higher patient satisfaction and possibly faster recovery. This 
approach is crucial amid the opioid crisis [9]. This study finds 
that the PECS 2 block is superior in reducing overall opioid 
consumption and providing effective immediate postopera-
tive pain control, which aligns with the philosophy of opioid 
sparing anesthesia. The lower PACU MME requirement and 

shorter PACU stays observed in patients who received PECS 
2 block further support their potential role in an OFA protocol.

The PECS 2 block, due to its anatomical specificity, pro-
vides targeted analgesia to the pectoral nerves, intercostobra-
chial nerve, long thoracic, and thoracodorsal nerves, which 
are essential in the innervation of the breast and axillary re-
gions [10, 11]. This specificity starkly contrasts the ESP block, 
where the local anesthetic is deposited deep in the erector spi-
nae muscle, necessitating a greater diffusion distance through 
muscle and fascia to reach the ventral and dorsal rami of the 
spinal nerves [12, 13]. The reduced diffusion distance required 
for the PECS 2 block means that the anesthetic can more rap-
idly and directly affect the intended nerves, leading to a faster 
onset of action and a reduction in the overall need for opioids. 
The anatomically targeted analgesic precision provided by the 
PECS block might be the underlying factor contributing to the 
observed superiority of the PECS 2 block in providing intraop-
erative analgesia, as indicated by the reduced requirements for 
opioids both during the surgery and in the PACU as measured 
by MME consumption. Conversely, the trans-fascial anesthetic 
diffusion effect associated with the ESP block could explain 
the increased intraoperative opioid consumption observed in 
this group. However, it is noteworthy that despite the higher 
intraoperative opioid use, this group demonstrated better an-

Figure 6. The average time spent in the post-anesthesia care unit (PACU) by group, with error bars representing the standard 
deviation for each group.

Table 2.  Mean Intraoperative MME Scores for Both Group A (T Therapy) and Group B (No T Therapy) With 95% CIs

Group Mean intraoperative MME (mg) 95% CI Number of patients
Group A (T therapy) 18.45 16.0 - 20.9 54
Group B (no T therapy) 21.54 19.0 - 24.1 34

CIs: confidence intervals; MME: morphine milligram equivalent.
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algesia in the PACU, which is evidenced by a lesser need for 
opioids in terms of PACU MME requirements.

Our research demonstrated a notable reduction in intra-
operative opioid use, with nerve blocks showing significantly 
lower MME consumption in the PACU compared to the SMA 
and TWI groups. Local anesthetic infiltration, which of-
fers limited and localized pain relief, outperforms the PECS 
block’s anatomically targeted analgesic precision. This tech-
nique achieves a more comprehensive blockade of superfi-
cial and deeper chest wall structures, leading to superior pain 
control [10]. Moreover, the PECS block’s ability to employ 
higher volumes and concentrations of anesthetics extends the 
analgesic effect, enhancing the duration and quality of pain 
management. This extended analgesia likely contributes to the 
improved POD 2 pain scores observed with the PECS and ESP 
blocks relative to SMA and TWI, minimizing the need for ad-
ditional analgesics in the critical initial recovery period.

Our study found that, at 30, 60, and 90 min post-surgery, 
the SMA group experienced significantly higher pain levels 
than the PECS and ESP groups. However, by 120 min, this 
difference had disappeared. These early benefits are crucial, 
as adequate pain control in this phase is vital for patient com-
fort and early mobilization. Interestingly, the significance of 
these differences diminished over time, possibly due to titra-
tion of opioids to pain levels. Higher pain scores and higher 
opioid consumption in the PACU suggest that SMA might not 
be the most effective method for managing immediate post-
operative pain. All pain management techniques converge in 
efficacy which is evident from less pain scores at 120 min after 
reaching PACU but at the cost of higher opioid consumption 
in SMA and TWI. Several studies [14-21] have indicated that 
PECS blocks are particularly effective for chest surgeries. Our 
results contribute to this body of work by suggesting that both 
PECS and ESP blocks may be effective in the immediate post-
operative period compared to SMA or TWI, which is invalu-
able for gender-affirming mastectomies. Another noteworthy 
observation was the reduced PACU MME requirement and 
shorter PACU duration for patients in the PECS group. This 
is consistent with studies that also observed reduced opioid 
requirements for PECS and ESP blocks. Lower opioid con-
sumption in the PACU is laudable due to the associated risks 
like respiratory depression, nausea, and pruritus. Additionally, 
shorter PACU stays indicate faster patient recovery and more 
efficient utilization of healthcare resources.

In the study, postoperative nausea and vomiting were ex-
perienced by six patients in the SMA group and three patients 
in the TWI group. This phenomenon can be linked to increased 
consumption of opioids. Meanwhile, four patients who re-
ceived ESP blocks presented with hypotension in the PACU, 
a condition that was effectively managed with fluid boluses. 
The duration of observation for these four patients reached 
up to 4 h, significantly influencing the average recovery time 
calculated for the ESP group. The ESP block, when correctly 
performed, has a low incidence of complications due to the 
injection site being away from the pleura, major blood vessels, 
and the spinal cord. However, complications such as hypoten-
sion can occur, although it is not a commonly reported adverse 
effect. The ESP block can potentially lead to a sympathetic 
blockade which may cause vasodilation and subsequently hy-

potension. It is important to note that comprehensive data on 
complications like hypotension are still limited, and more stud-
ies, such as randomized controlled trials, are needed to better 
understand the safety and complication rates of ESP blocks. 
The mechanism of action is likely related to the spread of lo-
cal anesthetic to the nerve roots that affect sympathetic tone, 
but the exact pathways and extent of spread require further 
research to fully elucidate [21].

The safety profile of the PECS block, which is typically 
utilized in breast surgeries, may be favored due to its targeted 
approach that minimally affects systemic physiological re-
sponses such as blood pressure. This could contrast with the 
ESP block that, although rare, may cause hypotension through 
a sympathetic blockade leading to vasodilation. The use of 
PECS blocks could therefore offer a dual benefit of reducing 
the risk of certain complications while delivering effective in-
traoperative analgesia specific to the surgical site. Results of 
our research align with studies [11, 22] which also favor PECS 
block over ESP block. Further research, like randomized con-
trolled trials, could help clarify these advantages, enhancing 
our understanding of the relative safety and efficacy of these 
anesthetic techniques.

Chronic testosterone therapy has been associated with 
decreased pain levels through a confluence of physiological 
and neurobiological mechanisms [8]. It potentially enhances 
the analgesic effects of opioids by modulating opioid recep-
tors and the endogenous opioid system, thereby increasing 
pain tolerance [23]. Additionally, testosterone exhibits anti-
inflammatory properties, reducing pro-inflammatory cytokine 
production and directly contributing to pain alleviation in in-
flammatory conditions [24]. Its role in neuroprotection and 
neural growth further supports the healing of nerve tissues and 
maintenance of neural pathways critical for pain transmission, 
suggesting a direct impact on reducing pain perception [25]. 
Moreover, testosterone therapy may improve mood and psy-
chological well-being, indirectly affecting pain perception by 
reducing anxiety and depression, which are common in chron-
ic pain sufferers [26, 27]. Lastly, its involvement in regulating 
vascular tone and endothelial function might also contribute 
to pain reduction, particularly in conditions where vascular 
dysfunction plays a role [28]. This multifaceted interaction 
underscores the complex relationship between testosterone 
and pain, highlighting the need for a nuanced understanding of 
hormonal therapy’s role in pain management. In our study, a 
total of 88 patients were divided into two groups (groups A and 
B) according to chronic testosterone therapy status. Despite 
the substantial theoretical explanations supporting the notion 
that testosterone modulates pain, our study did not reveal any 
statistical significance between the groups, suggesting that the 
relationship between testosterone therapy and pain levels may 
not be straightforward and is influenced by a multitude of fac-
tors.

Our research is subject to several limitations that warrant 
acknowledgment. The inherent nature of its retrospective de-
sign lacks the control and randomization afforded by a pro-
spective study, which may introduce biases such as recall or 
selection biases. Although the sample size was statistically 
adequate, it may limit the broader applicability of the find-
ings. Variability in the administration techniques of regional 
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anesthetic blocks by different providers might have led to in-
consistent pain management efficacy. The absence of patient-
reported outcomes in the study design needs to include critical 
data regarding the subjective experience of pain and treatment 
satisfaction. Moreover, the study did not capture long-term 
pain outcomes or the development of persistent postsurgical 
pain, which are significant for assessing surgical recovery. 
This study also did not consider psychosocial factors that can 
substantially affect pain perception and recovery. In addition, 
the division of the entire cohort into groups A and B resulted in 
an unbalanced sample size, which may undermine the reliabili-
ty of significant difference levels ascertained, notwithstanding 
the use of Welch’s t-test to adjust for unequal sample sizes and 
variances [29]. Furthermore, as our study exclusively involved 
individuals assigned female at birth who underwent gender-
affirming mastectomy as part of their transition to male, it does 
not address sex-related differences in outcomes. This limita-
tion is critical to note, as it confines the generalizability of our 
findings specifically to this demographic without broader im-
plications for sex-based comparative analysis.

Conclusion

Despite the outlined limitations, our study offers meaningful 
insights into the comparative efficacy of various periopera-
tive pain management strategies for gender-affirming bilateral 
mastectomies. The findings suggest that the PECS 2 block is a 
superior analgesic approach with reduced opioid consumption 
in the intraoperative and immediate postoperative phase. Ad-
ditionally, our results indicate that chronic testosterone therapy 
does not exert a significant influence on intraoperative opioid 
requirements. This research enhances the current literature 
[11, 12, 14-21] by providing evidence to improve pain man-
agement protocols tailored to the transgender and non-binary 
community, with consideration for their distinct physiological 
responses to chronic testosterone therapy. To build on the find-
ings of this study, future research should employ a prospective 
design with standardized regional block techniques. It should 
include long-term outcomes and patient-reported satisfaction 
measures. Delving deeper into the complex relationship be-
tween hormonal therapy and pain perception remains an in-
triguing and essential area for further exploration.
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