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ABSTRACT

Background: Immediate lymphatic reconstruction (ILR) has emerged as an effective intervention to reduce
breast cancer-related lymphedema, which affects 2-30% of patients who undergo axillary lymph node dissec-
tion (ALND). Our previous research validated ILR's effectiveness over 14 months, but the duration was short
and warranted further study. This study provides long-term evidence of its benefits in a well-defined patient
cohort.

Method: This retrospective cohort study included unilateral breast cancer patients who underwent ALND
between November 2019 and February 2021 with > 24 months of follow-up. Patients were grouped by
whether ILR was attempted intraoperatively. Exclusion criteria were recurrence, prophylactic mastectomy, and
pre-existing lymphedema. The primary outcome was lymphedema incidence at > 24 months; the secondary
was lymphedema-free survival. Outcomes were evaluated using Cox regression models.

Results: Among 73 patients, we analyzed ALND patients divided into a control group (n =57, defined as no-try
or failure) and an ILR group (n = 16). The pooled median follow-up was 37 months. (range, 26~47 months).
Among the ILR group, 13 underwent end-to-end anastomosis and 3 end-to-side. Postoperative lymphedema
was higher in the control group (24.6%) compared to the ILR group (6.3%). Multivariate Cox regression anal-
ysis showed a significantly lower hazard ratio for the ILR group (HR: 0.117, 95% Cl: 0.014-0.965), emphasizing
ILR’s effectiveness in reducing lymphedema risk post-ALND. Additionally, survival plots illustrating lymphede-
ma-free survival showed a significant difference.

Conclusion: Our study emphasizes ILR’s efficacy over extended follow-up. The ILR group exhibited a lower
rate of postoperative lymphedema, supporting ILR as an effective preventive measure against Breast Cancer-
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Related Lymphedema (BCRL) following ALND.

Level of Evidence: lIl

Introduction

Breast Cancer-Related Lymphedema (BCRL) affects 2-30% of patients
post-surgery, particularly those undergoing lymphadenectomy. To
mitigate this risk, simultaneous immediate lymphaticovenular
bypass, introduced by Boccardo and Campisi in 2009 [1], has gained
attention. This technique, commonly known as the Lymphatic
Microsurgical Preventing Healing Approach (LYMPHA) or immediate
lymphatic reconstruction (ILR), connects arm lymphatics to a collat-
eral branch of the axillary vein. While Boccardo’s group originally
introduced LYMPHA, ILR has been more widely adopted in the US
since 2020, particularly by Singhal and colleagues at Harvard. ILR is
now commonly used to distinguish this approach from delayed
lymphatic reconstruction, which has recently emerged at some insti-
tutions, including ours.

In 2011, Boccardo published a pioneering prospective study on
LYMPHA, demonstrating a marked reduction in BCRL incidence
(4.34%) among treated patients compared to the untreated group

(30.43%) [2]. Subsequently, a 2014 follow-up study examined 78
patients who underwent LYMPHA following ALND over 4 years. The
results showed a significantly lower lymphedema rate of 4% in the 74
successfully treated patients, in stark contrast to lymphedema rates
of 13-65% observed in untreated cohorts in other studies [3]. The
efficacy of LYMPHA for the lower extremities was also reported in
2016. Recent meta-analyses, based on a comprehensive analysis
of various studies, have confirmed ILR'’s effectiveness in preventing
lymphedema, demonstrating a relative risk reduction of 0.22 [4].
However, a significant 2023 study spanning 57 months, the
longest follow-up to date, challenged these findings by suggesting
that LYMPHA may not provide continuous long-term protection
against lymphedema in ALND patients, thus igniting ongoing
scientific discourse [5, 6]. Conversely, our research team published
results in 2023 supporting the efficacy of ILR over a 14-month follow-
up period with 26 patients. Unlike previous studies with conflicting
conclusions, our research establishes a foundation for an exhaustive
subsequent review of ILR procedures. Building on these initial
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findings, our ongoing study aims to broaden and meticulously review ILR
procedures across a larger patient cohort and extended timeframe.
This investigation seeks to further elucidate the sustained advantages
and optimal protocols of ILR in managing BCRL.

In our previous study, patients who had underwent ALND
exhibited a significantly higher hazard ratio (HR 6.582; 95% Cl, 1.654—
26.198, p < 0.05) as analyzed by a multivariable Cox’s hazard regression
model [7]. ALND is a recognized risk factor for lymphedema,
presenting an incidence rate nearly fourfold that of sentinel lymph
node biopsy [8, 9]. Consequently, this study aims to conduct a
detailed long-term follow-up to assess the impact of ILR on patients
post-ALND over an extensive period.

Materials and method

Patients

This retrospective analysis was approved by our institutional review
board (protocol number 2024AN0465). Medical records, including
operation details, follow-up records, and images, were thoroughly
reviewed. The study included patients who underwent mastectomy
with ALND for node-positive unilateral breast cancer between
November 2019 and February 2021. The intervention group com-
prised patients who underwent ILR during ALND, while the control
group included those who underwent ALND without ILR or who failed
procedure during the same period. Patients were included if they had
a minimum follow-up duration of 24 months. Patients were excluded
if they had incomplete medical records or lacked clinical photographs,
follow-up durations of less than 24 months, a history of recurrent
breast cancer, prophylactic mastectomy, or pre-existing lymphedema
symptoms before mastectomy. Ultimately, 16 patients who met the
inclusion criteria were included in the ILR group (Figure 1).

Surgical technique

At our center, ILR is available to patients slated for ALND who consent
to the procedure. Three oncologic surgeons decided the type of axil-
lary intervention during surgery. Following axillary surgery, all ILRs
after nodal extirpation were performed by the corresponding author.

Before the axillary procedure began, axillary reverse mapping
(ARLM) was carried out 6 cm distal to the axilla following Thompson’s
technique [10]. A total of 3cc of isosulfan blue dye was injected
subdermally at 5-6 sites, with subsequent massage to aid dye
migration to the axilla. After completing ALND, the arm lymphatics
and an axillary vein branch were examined under a microscope. Blue
lymphatics or nodes were usually identified; if not, further exploration
proceeded along the expected lymphatic course. Lymphatic vessels
unsuitable for anastomosis were clipped. An appropriate axillary vein
branch was selected, and ILR was executed using 10-0 nylon sutures
(Ethicon, Somerville, N.J.) in an end-to-end manner. Employing
Boccardo’s technique, a U stitch inserted the lymphatic vessel into the
vein, with perilymphatic tissues and venous walls were joined using
interrupted sutures [3]. For larger veins, an end-to-side anastomosis
was utilized. And the patency was verified microscopically. After
anastomosis, the clamp on the lymphatic vessel was released while
checking ICG flow to confirm patency. (Supplementary Figure 1, 2,
Supplementary Video).

Surveillance

Breast cancer patients at our center are routinely followed every 6
months with mammography and ultrasonography for 5 years, then

annually, based on pathology. If lymphedema was suspected,
patients were referred to the certified rehabilitation physician and
plastic surgeon through our institutional co-management system. ILR
patients are monitored every 3 months until 2 years post-surgery,
then every 6 months up to 4 years if there are no abnormal signs.

Limb circumference was measured at six points: the superior
margin of the upper arm, mid-upper arm, both superior and inferior
elbow margins, mid-forearm, and wrist. A positive arm circumference
measurement was defined as a difference of =2 ¢cm at two or more
locations between the affected and contralateral arms. Patients were
also monitored for symptoms such as swelling and heaviness.

Postoperative lymphedema assessment additionally included
bioimpedance analysis (BIA) by InBody S10 (InBody, Seoul, South
Korea) at each visit and annual lymphoscintigraphy. BIA was
performed in patients who underwent ILR and in selective patients
with suspected lymphedema in the control group. Imaging
primarily referred to lymphoscintigraphy, while ICG lymphography
was selectively performed when needed. Suspected cases were
referred to a single rehabilitation specialist who conducted all
evaluations, while two nuclear medicine specialists interpreted
lymphoscintigraphy findings.

Study design

The primary endpoint of this study was the diagnosis of lymphedema.
Cases in which swelling occurred during adjuvant treatment
(excluding hormone or immunotherapy) or within 6 months after the
last oncologic therapy were classified as transient lymphedema,
following the definition by Singhal et al. [11] If no events occurred,
the observation was censored at the last follow-up visit.

The primary aim of this study was to compare the risk of
lymphedema between the ILR and control groups in patients who
underwent axillary lymph node dissection (ALND) for unilateral
breast cancer. To assess the impact of ILR on the risk of upper
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Figure 1. CONSORT diagram.
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extremity lymphedema, outcomes were compared between the ILR
success group (n = 16) and the no-try or failure group (n = 57) over
the same period. The secondary aim was to evaluate the long-term
effect of ILR on lymphedema-free survival.

Failure of ILR was defined as cases where the intended
anastomosis or lymphatic reconstruction did not achieve functional
outcomes. This included instances where no suitable lymphatic
vessels (n = 3) or adjacent veins (n = 2) were identified for
anastomosis, or where lymphatic flow was insufficient despite a
seemingly successful anastomosis (n = 4), as confirmed
intraoperatively by ICG lymphography. Failure was determined by
the absence of flow enhancement, indicating unsuccessful
lymphatic drainage reconstruction due to anatomical variations,
inadequate vessel caliber, or back-flow phenomena.

Statistical analyses

We conducted statistical analyses to determine the effect of ILR on
the incidence of postmastectomy lymphedema, adjusting for clinico-
pathologic variables. Patient demographics and baseline characteris-
tics were compared using suitable statistical tests. Continuous
variables, such as the follow-up period, age, and body mass index
(BMI), were analyzed with either two independent t-tests or Mann-
Whitney tests, depending on the data distribution. Categorical varia-
bles, such as comorbidities, tumor grade, and type of mastectomy,
were evaluated using Chi-squared tests or Fisher’s exact tests.
Postoperative outcomes following ILR, such as operative methods
and lymphedema occurrences, were analyzed using Fisher’s exact
tests for categorical variables. Multivariate Cox'’s proportional hazards
regression models were utilized to identify factors influencing
lymphedema. Survival plots, based on time-to-event data, illustrated
the beneficial effects of ILR. All analyses were performed using IBM
SPSS Statistics and SAS, with a significance threshold set at p < 0.05.

Result
Patient demographics and baseline characteristics

Patient demographics and baseline characteristics were compared
between the control group (ALND with no ILR) and the intervention
group (ILR following ALND). Mean follow-up duration was 31.1 + 13.3
months in the control group and 30.1 + 7.2 months in the ILR group
(p = 0.38). There were no significant differences in age (53.5 = 12.0
years vs. 53.6 = 11.2 years, p = 0.32), BMI (24.0 £ 3.7vs.239+£ 2.7, p =
0.81), or most comorbidities between the groups. A significant differ-
ence, however, was observed in tumor grade distribution (p = 0.03),
with varying proportions across different grades between the groups.
Additionally, the types of mastectomies differed between the two
groups (p < 0.01). The ILR group had more patients who underwent
breast-conserving surgery (BCS), whereas the control group had
more patients who underwent mastectomy (Table 1).

Postoperative outcomes of immediate lymphatic reconstruction

In the intervention group, ILR predominantly utilized end-to-end
anastomosis (81.3%). Transient lymphedema was minimal in both
groups, with two cases (3.5%) observed in the control group and
one case (6.3%) in the ILR group, respectively. Postoperative
lymphedema was less common in the ILR group (6.3%) compared to
the control group (24.6%), although the difference was not statisti-
cally significant (p = 0.17) (Table 2). Table 3 displays individual
patient characteristics of 15 cases with clinically diagnosed postop-
erative lymphedema.
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Risk factors for postoperative lymphedema

Multivariate Cox'’s proportional hazards regression analysis was used
to assess the risk of postmastectomy lymphedema. Variables such as
age, BMI, comorbidities (including hypertension and diabetes), smok-
ing history, tumor grade, type of mastectomy, reconstructive surgery
and adjuvant therapies (chemotherapy, radiotherapy) were incorpo-
rated into the model. In this multivariate analysis, ILR was associated
with a significantly reduced risk of developing postmastectomy
lymphedema (HR 0.117, p = 0.046). The final model, derived using
stepwise variable selection, identified ILR as a protective factor (p =
0.046) and radiotherapy as a significant risk factor (p = 0.004) for post-
operative lymphedema (Table 4). Survival plots depicted the time-to-
event data for lymphedema occurrence, showing a lower cumulative
incidence in the ILR group compared to the control group, with the
discrepancy increasing over time (Figure 2).

Discussion

Lymphedema remains a significant complication following breast
cancer treatment, particularly after axillary dissection and radiation
therapy [12]. It is challenging to treat, requiring continuous monitor-
ing and follow-up for both physicians and patients. ILR aims to pre-
vent lymphedema by establishing a lymphovenous anastomosis

Table 1. Patient demographics.

Variables Control (ALND and Intervention p
no ILR) (%) (ILR following ALND)
(%)

No. of patients 57 16
Follow-up period, 31.1+133 30172 0.38
months
Mean age, year 53.5+12.0 536+11.2 0.32
Mean BMI 240+3.7 23927 0.81
Hypertension 9(15.8) 5(31.3) 0.11°
Diabetes mellitus 4(7.0) 0(0) 0.57°
Smoking history 2(3.5) 1(6.3) 0.53°
Tumor grade 0.03°*

0 3(5.3) 2(12.5)

| 7(12.3) 1(6.3)

I 39 (68.4) 6 (37.5)

1] 8(14.0) 7(43.7)
Mastectomy type <0.01°*

MRM 37 (64.9) 10 (62.4)

SSM 8(14.0) 1(6.3)

NSM 12(21.1) 1(6.3)

BCS 0(0) 4(25.0)
Reconstruction 21 (36.8) 4 (25.0) 0.38°

Autologous flap 11(19.3) 1(6.3)

DIEP 9(15.8) 1(6.3)
LD 2(3.5) 0

Implant-based 11(19.3) 3(18.7)
Chemotherapy 53(93.0) 14 (87.5) 0.61°

Neoadjuvant 35(61.4) 10 (62.4)

Adjuvant 25 (43.9) 10 (62.4)
Radiotherapy 27 (47.4) 10 (62.4) 0.28?
Hormonal therapy 25 (43.9) 3(18.7) 0.07°

LR: lymphatic reconstruction; BMI: body mass index; MRM: modified radical
mastectomy; SSM: skin sparing mastectomy; NSM: nipple sparing mastectomy;
BCS: breast conserving surgery; DIEP: deep inferior epigastric perforator flap;
LD: latissimus dorsi; ILR: immediate lymphatic reconstruction.

Patients underwent implant-enhanced LD flap were classified to LD flap.

2Chi-square analysis; PFisher’s exact test; Above p-value was calculated by
chi-square test or Fischer exact test or t-test or Mann-Whitney test for the
difference between ‘immediate lymphatic reconstruction’ group and ‘delayed
lymphatic reconstruction’ group.

*Statistical significance.
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Table 2. Postoperative result of immediate lymphatic reconstruction.

Variables Control (ALND Intervention (ILR p
and no ILR) (%) following ALND) (%)

No. of patients 57 16

Operative method N/A <0.01%*

End-to-end anastomosis 13 (81.3)

End-to-side anastomosis 3(18.7)

Transient lymphedema 2(3.5) 1(6.3) 0.222

Postoperative lymphedema 14 (24.6) 1(6.3) 0.17°

LR: lymphatic reconstruction; ILR: immediate lymphatic reconstruction.
bFisher’s exact test; *Statistical significance.

immediately after axillary surgery. Prior studies, including Boccardo’s
2014 follow-up, demonstrated significantly lower lymphedema rates
among ILR-treated patients. While multiple institutions have validated
ILR’s preventive efficacy, its long-term effectiveness remains debated
due to limited comprehensive studies.

Recent studies, including those by Boccardo, Singhal, and Rhode,
have examined ILR efficacy with follow-up periods ranging from 17 to
57 months. Boccardo reported a lymphedema incidence of 4.05% in
the ILR group, and Singhal reported 9% in their ILR cohort. In contrast,
Rhode’s study, although it included a control group, found no
statistically significant difference in lymphedema incidence between
the ILR and control groups [3, 6, 13]. Our study, with an extended
follow-up, observed a lymphedema rate of 6.3% in the ILR group,
aligning with Boccardo and Singhal’s results, reinforcing the
preventive role of ILR. The control group exhibited an incidence of
24.6%, similar to recent literature (14.1-29.4%) (3, 6, 13-15].

A critical issue when evaluating the preventive impact of ILR is the
distinction between transient and persistent lymphedema. Several
studies have proposed definitions for a distinct category of transient
lymphedema [16-18]. In this study, we adopted the definition by
Singhal et al., which classifies swelling occurring during adjuvant
treatment (excluding hormone or immunotherapy) or within 6
months of completing oncologic therapy as transient lymphedema
[11]. This classification is essential to avoid overestimating
lymphedema incidence and to better isolate the true long-term
effects of ILR. For instance, Feldman et al. noted that 8.3% of their
patients exhibited persistent lymphedema, a figure that rose to 12.5%
with the inclusion of cases classified as transient lymphedema [16]. In
our study, we observed one instance of transient lymphedema in the
ILR group, which spontaneously resolved and did not progress to
persistent lymphedema. Consequently, our final analysis included

Table 4. Multivariate Cox’s proportional hazard regression using stepwise
selection for postmastectomy lymphedema.

Variables Hazard p 95% Hazard ratio
ratio confidence
Limits
Hypertension (+) versus Hypertension (-) 3.664  0.097° 0.792 16.955
Radiotherapy (+) versus Radiotherapy (-) 11.835 0.004*  1.967 31.84
ILR versus No intervention 0.117 0.046* 0.014 0.965

ALND: axillary lymph node dissection; SLND: sentinel lymph node dissection;
ILR: immediate lymphatic reconstruction.

2Borderline significance; *Statistical significance.

We used multivariable cox’s hazard survival model for statistical analysis.
Variables including age, BMI, comorbidity (hypertension, diabetes), smoking,
tumor grade, mastectomy type, lymph node dissection type, reconstructive
type, chemotherapy, radiotherapy, hormonal therapy, and ILR success were
fitted to this model, and stepwise selection was performed.

only one case of persistent lymphedema in the ILR group.

In this study, the diagnosis of lymphedema was based on objective
criteria, including imaging findings and limb circumference
differences, and was confirmed by a certified rehabilitation physician.
This strategy minimized reliance on subjective symptoms such as
heaviness or numbness, which can be nonspecific and variable. Given
the inherent challenges in defining and diagnosing lymphedema, it is
essential to control for variables associated with temporary symptoms
and apply rigorous statistical methods to accurately evaluate the
preventive efficacy of ILR. This methodological rigor ensures a more
accurate assessment of ILR's effect on reducing lymphedema
incidence in patients undergoing ALND.

Key insights from the patient demographic data in our study
demand attention. A systematic review by Mohamed A. identified
several demographic risk factors, such as BMI, tumor size, breast size,
type of axillary surgery, and adjuvant therapy, as potential influencers
on the development of lymphedema [17]. In our study, although
most patient demographics showed no significant differences,
notable variations were observed in tumor grade and mastectomy
type between the ILR and control group. The control group had a
higher proportion of patients with tumor grade II, while the ILR group
included a larger proportion of patients with the more severe grade Il
tumors. Prior research has indicated that higher tumor grades and
larger tumor sizes may elevate the risk of lymphedema. Despite these
factors, our results showed that postoperative lymphedema was less
frequent in the ILR group, suggesting that ILR status significantly

Table 3. Individual patient characteristics of 15 postoperative lymphedema cases.

Patient  Age BMI Co-morbidity Mastectomy Reconstruction ~ ALND ILR  Chemotherapy Radiotherapy TimetoLE  Transient
(years) (kg/ m?) level diagnosis, LE
months
1 53 234 () SSM Implant-based I, 1l (+) ) ) 20 Q]
2 64 28.2 HTN MRM () I () (+) (+) 8 ()
3 36 20.8 () MRM () I 11 ) (+) (+) 45 Q]
4 86 23.8 ) MRM ) (A Q] ) (+) 9 Q]
5 49 204 () NSM DIEP Il ) (+) (+) 7 Q]
6 46 22.8 Q] MRM ) I ) ) ) 7 )
7 51 221 HTN, DM MRM (=) 1AL () (+) (+) 3 (+)
8 30 26.7 ) NSM Q] I ) +) (+) 7 Q]
9 57 30.1 Q] MRM ) | Q] (+) (+) 14 Q]
10 66 226 ) MRM Q] I ) ) (+) 6 Q]
1 52 20.2 ¢) MRM ¢) I ¢) (+) (+) 12 Q]
12 49 31.2 HTN SSM LD [ ) ¢ ) 3 ()
13 47 18.7 ) MRM Q] I ) (+) (+) 28 Q]
14 47 20.9 () NSM Implant-based I () () () 6 ()
15 38 27.9 () NSM Implant-based I ) () ) 7 ()

BMI: body mass index; HTN: hypertension; ALND: axillary lymph node dissection; ILR: immediate lymphatic reconstruction; LE: lymphedema; SSM: skin sparing
mastectomy; NSM: nipple sparing mastectomy; BCS: breast conserving surgery; DIEP: deep inferior epigastric perforator flap; LD: lattisimus dorsi flap.
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Figure 2. Survival plot following immediate lymphatic reconstruction.
Survival plots demonstrates a lower comulative incidence of lymphedea in
the ILR group, compared to the control group.

influences the incidence of lymphedema more than tumor grade.

Regarding the type of mastectomy, both groups exhibited similar
rates of modified radical mastectomy (MRM). However, BCS was
significantly more prevalent in the ILR group (25%) compared to the
control group (0%). Previous research by Inger-Lise Nesvold indicated
that, for the same tumor stage, the BCS group experienced
significantly lower lymphedema rates compared to the mastectomy
group (24% vs. 7%, p < 0.01). Conversely, a 2010 study by Renata
Freitas-Silva reported no significant difference in lymphedema
incidence between BCS and various mastectomy types (MRM 12%,
BCS 18%, p = 0.66), [19] illustrating the continued debate in previous
research findings. While we matched groups based on the presence
of ALND, it is pertinent to note that BCS is generally considered less
invasive than mastectomy, and despite lacking a consensus yet, it is
thought to cause less lymphedema. In our study, statistical analysis
did not identify a significant association between surgical type and
lymphedema incidence. However, we acknowledge that the higher
rate of BCS in the ILR group may serve as a potential confounder.
Future research is needed to focus more on this relationship,
particularly in relation to radiotherapy status.

Our surgical approach initially utilized the lymphaticovenous
Implantation (LVI) technique; however, we have since transitioned to
supermicrosurgical lymphovenous anastomosis (LVA) as our preferred
method. Since this study analyzes data from 2019 to 2021, it reflects
our early surgical experience when LVI was predominantly used.
Regardless of the technique, we ensured patency assessment through
intraoperative ICG lymphography, which likely contributed to higher
patency rates compared to cases performed without ICG confirmation
[20-22].

This study acknowledges several potential limitations that warrant
attention. First, the sample size is relatively small, and the diversity in
terms of gender and racial representation is limited, which affects the
generalizability of the findings [14, 23, 24, 25]. Second, differences in
lymphedema diagnostic criteria compared to other studies may pose
challenges in comparing and interpreting results, thereby hindering
standardization and comparability of outcomes. Most studies identify
lymphedema by the presence of symptoms together with eitherin (1)
an increase of L-Dex by 10 units or (2) a volume change of more than
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10%. However, the availability of these diagnostic tools (perometry,
L-dex) is limited, as they are not accessible in the author’s country.
Third, variations in the measurement location can lead to
inconsistencies in identifying and categorizing lymphedema cases.
Addressing these limitations could improve the reliability and
applicability of future research in this field. Another limitation of this
study is the potential for selection bias, as the decision to perform ILR
was made intraoperatively by a small group of oncologic surgeons.
This may have introduced variability in patient selection and led to
differences in baseline characteristics between groups, potentially
influencing the observed lymphedema outcomes. Additionally, as ILR
was only performed in patients who had provided preoperative
consent, the study population was inherently preselected. These
factors should be considered when interpreting the results.

Finally, breast reconstruction was not initially categorized as a
distinct factor in our demographics analysis. Upon reviewing the
data, we found that all autologous reconstructions were immediate,
while implant-based reconstructions were exclusively immediate
direct-to-implant (DTI) procedures. Due to the small sample size,
further subgroup analysis (e.g. reconstruction type or timing) was not
feasible. However, given previous studies suggesting a potential
protective effect of breast reconstruction on lymphedema, future
research should incorporate a more detailed analysis of reconstruction
type and timing to better assess its impact on lymphedema risk.

Conclusion

Based on our study and the existing literature, ILR appears to be
effective in reducing secondary lymphedema following axillary
surgery for breast cancer. Our results indicate a significant reduction
in lymphedema incidence with ILR compared to conventional
treatments. However, challenges persist in standardizing diagnostic
criteria and ensuring consistent interpretation of results across stud-
ies. Future research should focus on larger, multicenter studies with
extended follow-up periods to enhance statistical reliability and
generalizability.
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