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Abstract

:

Lymphedema causes inflammation, which provokes fibrosis within the epifascial tissue. Temporal change in fibrosis according to severity of the lymphedema has not been widely investigated. We aimed to study the quantitative changes in epifascial fibrosis during lymphedema treatment using computed tomography (CT). Forty-five patients (mean age: 57.75 ± 11.12 years) who developed lymphedema following gynecologic surgery were included in this retrospective study. Two weeks of complete decongestive therapy and continued self-bandaging or compression garments were prescribed under regular follow-up monitoring. Lower-extremity epifascial fibrosis was quantitatively analyzed on the initial and follow-up CT scans. Circumference, skin fibrosis, subcutaneous tissue, and fibrosis ratio were calculated in the axial scan. Based on the change in lymphedema severity, we divided subjects into ‘improved’ and ‘aggravated’ groups. The affected lower extremities showed higher circumference, more skin fibrosis and subcutaneous tissue, and higher fibrosis ratio than the unaffected sides on initial CT scan. At follow-up, compared to the aggravated group, the improved group showed significant decreases in fibrosis of skin and subcutaneous tissue and fibrosis ratio. Subcutaneous fibrosis was reversible with volume resolution of lymphedema. Therapeutic approaches should be established on the basis of the reversible nature of fibrotic changes in patients with lower extremity lymphedema.
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1. Introduction


Lymphedema is a burden on survivors of gynecologic cancer. Lymph node dissection is performed for cancer staging and to prevent metastasis [1]. An external iliac lymph node is a key regional lymph node draining lymphatic fluids from the lower extremities and pelvic cavity organs. Therefore, lymph node dissection (LND) breaks down the lymphatic vascular network, resulting in lymphedema. Bypassing deep lymph circulation and superficial lymph collecting vessels can occasionally replace regional deep lymph node function in the upper extremities [2]. However, these compensatory circulation systems are not effective in the pelvic region for lymphatic drainage from the lower extremities. Patients with lower extremity lymphedema experience more severe symptoms and complications than those with upper extremity lymphedema [3].



Occasionally, there is a time interval between surgical LND and development of lymphedema [4]. Inflammation can be one of the reasons for the delayed development of lymphedema [5]. Lymphatic fluid is protein-rich and possesses immunological properties which trigger the inflammatory mechanism. Inflammation stimulates fibroblasts to produce collagen fibers, the accumulation of which results in fibrosis [6]. This fibrous tissue is tough and not as elastic as the parent soft tissue. Therefore, it interferes with the natural functions of the parent tissue. The fibrous tissue decreases the collecting function of lymphatic capillaries [7]. Additionally, fibrosed lymph vessels lose contractile properties to propel lymph fluid [8]. Reduced lymphatic drainage from the tissue results in stasis of lymphatic fluid within subcutaneous tissues, causing lymphedema.



The resolution of fibrosis and inflammation depends on the characteristics of the tissues [9]. In highly regenerative liver and skin tissues, fibrosis is reversible. However, in intervertebral discs, tendons, and ligaments, fibrosis persists as scar tissue. Previous research has shown fibrotic changes within subcutaneous tissue following lymphedema [10,11]. However, no research has been conducted to elucidate the recovery of subcutaneous fibrosis following lymphedema treatment. If subcutaneous fibrosis following lymphedema can be shown to be modified by treatment, this will be promising evidence to advocate for the treatment of lymphedema.



We previously reported that subcutaneous fibrosis correlates with severity of lymphedema [12]. Therefore, this study aimed to investigate whether subcutaneous fibrosis resulting from lower-extremity lymphedema following pelvic lymphadenectomy is reversible with lymphedema treatment.




2. Materials and Methods


2.1. Subjects


We investigated patients with lower-extremity lymphedema following pelvic lymphadenectomy who were admitted to our rehabilitation department between January 2007 and April 2020. Data were collected retrospectively from hospital records. The inclusion criteria were as follows: (1) patient diagnosed with gynecologic cancer who underwent pelvic lymphadenectomy, (2) unilateral lower-extremity lymphedema diagnosed on the basis of clinical presentation and lymphoscintigraphy, (3) follow-up lower-extremity computed tomography (CT), and (4) received complete decongestive therapy and continued self-bandaging or compression garments. The exclusion criteria were as follows: (1) bilateral lower extremity lymphedema, (2) vascular or other systemic diseases causing lower extremity edema, and (3) absence of follow-up CT scans. In patients with gynecological malignancies, cancer cells might invade both the pelvic and paraaortic lymph nodes; thus, surgery or radiation therapy is often performed on both sides for radical treatment. In order to clarify the difference between the affected and unaffected limbs, unilateral lymphedema was defined as the absence of radioactive uptake in the pelvic lymph nodes of the affected limb on lymphoscintigraphy.



This study was approved by the Institutional Review Board (2021-06-084) and a request to waive the informed consent statement was approved.




2.2. Lymphedema Management


All patients received complete decongestive therapy (CDT), including short-stretch compressive bandaging, massage, and pneumatic compression for two weeks on admission and were trained in the self-bandaging method. After discharge, all patients were instructed to apply daily compressive self-bandages for over 20 h a day. If patient compliance was very poor, or if bandaging was impossible because of adverse effects of the bandage, alternative compressive garments were used. Regular outpatient visits were conducted to monitor patient self-management and encourage treatment compliance.



CT scans were performed in the initial period before CDT and at follow-up, approximately two years after the initial CT scan. To evaluate changes in fibrosis of the subcutaneous tissue according to severity of lymphedema, we classified the subjects into two groups: improved and aggravated, on the basis of the circumference difference between the initial and follow-up CT scans at each level. The improved and aggravated groups showed decreased and increased circumferences on subsequent CT scans, respectively.




2.3. CT-Based Quantitative Measurement of Lymphedema


All included patients underwent repeated lower-extremity CT scans (SOMTOM FORCE; Siemens, Erlangen, Germany). We selected four representative levels of CT scan images for the circumference and volume of fibrosis analysis. Axial images of U20 (20 cm above the upper margin of the patellar bone), U10 (10 cm above the upper margin of the patellar bone), L10 (10 cm below the lower margin of the patellar bone), and L20 (20 cm below the lower margin of the patellar bone) were obtained.



We used FIJI software (http://fiji.sc/Fiji (accessed on 2 March 2022)) for quantitative analysis [13]. FIJI is a distribution of the popular open-source software ImageJ. Semi-automated methods using FIJI software to measure limb circumference and subcutaneous fibrosis were performed.



The compartment of the lower extremity is composed of skin, subcutaneous tissue, muscle, and bone. Each territory has its own Hounsfield Units (HU) on CT scan, and it is possible to evaluate each territory quantitatively using the FIJI software [14]. Once the axial CT image is obtained, the corresponding region can be visually distinguished after setting the specific HU threshold, and semi-automated calculation of selected regions is possible. Details of the analysis protocol have been previously described [12].



Circumference, cross-sectional area (CSA) of the skin, and subcutaneous tissue fibrosis were measured to evaluate lymphedema severity. Fibrosis ratio was also evaluated to estimate the degree of fibrosis. The fibrosis ratio was calculated as follows:


   Fibrosis   ratio    =    Fibrosis   of   skin   with   subcutaneous   tissue   area         Skin    with    subcutaneous   tissue   area      × 100  



(1)








2.4. Statistics


All parameters were calculated for both the initial and follow-up CT scans. Wilcoxon signed-rank tests were used to compare parameters between the affected and unaffected sides on the initial CT scans. We compared parameters between initial and follow-up CT scans to evaluate whether change in lymphedema severity can modify fibrosis. The differences in circumference and fibrosis of the subcutaneous tissue and skin between the affected and unaffected sides were outcomes for statistical analysis. However, only the fibrosis ratio on the affected side was used in statistical analysis. We used the Mann–Whitney U test to compare parameters between the improved and aggravated groups. Statistical analyses were performed using IBM SPSS Statistics for Windows, Version 25.0 (IBM Corp., Armonk, NY, USA). Statistical significance was set at p < 0.05.





3. Results


3.1. Patient Characteristics


Forty-five patients (mean age: 57.75 ± 11.12 years) with lymphedema following pelvic lymphadenectomy were included in this study (Table 1).




3.2. Initial CT Scan


The mean duration (months) between the initial CT scan and surgery was 54.73 ± 61.15. At the initial CT scan, the parameters on the affected side were significantly higher than those on the unaffected side (Table 2) due to subcutaneous fibrosis.




3.3. Fibrotic Changes


The fibrotic changes showed bidirectional alterations. Fibrosis of skin and subcutaneous tissue showed a tendency to decrease in the improved group with reduced circumference; however, in the aggravated group, an opposite trend was observed (Figure 1). The improved group showed a significant decrease in fibrosis of the skin and subcutaneous tissue compared with the aggravated group at the U10 and L20 levels (Table 3). The fibrosis ratio of the improved group was also significantly lower than that of the aggravated group at the U20, L10, and L20 levels (Table 3, Figure 2).





4. Discussion


We aimed to study the quantitative changes in epifascial fibrosis during lymphedema treatment, using CT. Lower extremity lymphedema following pelvic lymphadenectomy stimulates subcutaneous fibrosis. When subcutaneous tissue fibrosis was quantitatively analyzed using CT images, there was a strong correlation with circumference, representing the severity of lymphedema. The results showed that the degree of fibrosis decreased if the severity of lymphedema ameliorated. Therefore, the degree of subcutaneous fibrosis following lymphedema showed bidirectional alterations according to change in lymphedema severity.



Inflammation is the entire local reaction in vascularized tissues with a final objective of repair and healing of the injured tissue sections. Tissue injuries generate polypeptides and lipopolysaccharides, which induce an immune reaction [15]. Although inflammation culminates in regeneration and repair, the initial phases cause deterioration of tissue architecture and function [16]. Subsequently, stimulated immune cells promote fibrosis by recruiting fibroblasts at the site, which is a scarring process that accumulates collagen fibers and extracellular matrix (ECM). Fibroblasts have a dual action of recruiting lymphocytes, by releasing chemokines during acute inflammation, and maturing into fibrosis in chronic inflammation [17]. Therefore, inflammation, caused by tissue injury, is the initiating event that progresses into fibrosis by inducing collagen synthesis [18].



Lymphedema causes inflammation within the subcutaneous areas of the affected extremities. Stasis of protein-rich lymphatic fluid within the subcutaneous area can trigger an immune reaction [5]. Chronic inflammation following lymphedema replaces functional tissues with collagen fibers and ECM, thereby decreasing interstitial lymphatic drainage.



As a result of chronic inflammation, patients with lymphedema exhibit skin and subcutaneous thickness and stiffness. Several modalities have been introduced to measure skin stiffness and thickness in lymphedema [19]. Ultrasonography is an easily accessible modality to evaluate soft tissue. In particular, shear wave elastography (SWE) was introduced to assess soft tissue stiffness quantitatively [20]. The elasticity of tissues was measured by the shear wave propagation speed to the adjacent tissues. The velocity is high in stiff tissues. SWE showed high density and thickness within skin following upper extremity lymphedema [21]. According to the lower extremity lymphedema stage, SWE shows higher skin stiffness on the affected than unaffected sides [22]. However, lower extremities have a high volume and larger area than upper extremities. Therefore, evaluating subcutaneous fibrosis of the lower extremities using ultrasonography has limitations. Three-dimensional CT scan provides a better analysis of large tissue compared to ultrasonography. Moreover, a CT scan can quantify tissues using HU. There is a lack of research on CT scan analysis of subcutaneous fibrosis [23,24]. We evaluated epifascial fibrosis using the open analysis tools FIJI software, which is convenient for clinicians [12].



In most cases, secondary lymphedema arises from lymph node dissection performed for preventing metastasis and recurrence of gynecological malignancies, including cervical, endometrial, ovarian, and vulvar cancers [25,26]. The procedure disrupts the lymphatic circulation and causes lymph stasis and lymphedema.



In cancer survivors, a time interval is observed between lymph node dissection and the development of lymphedema [27]. Although dissection of the lymph nodes causes delay or blockage of the drainage of lymphatic fluid, inflammation caused by lymph stasis aggravates lymphedema. Therefore, modulating inflammation following lymph node dissection is a promising treatment strategy. Pilot studies have evaluated the effectiveness of anti-inflammatory drugs for lymphedema [28,29]. Non-steroidal anti-inflammatory drugs (NSAIDs) and anti-Th2 immunotherapy for lymphedema reduce skin hyperkeratosis, thickness, and fibrosis. Therefore, reducing or modulating inflammation may help to resolve lymphedema.



The progression from lymph stasis to fibrosis can be inhibited in the early stage by removing the edema and activating the circulation of retained lymph fluid, which drives the inflammatory process [30]. Clinically, massage, bandaging, and compressive garments have been widely used to treat lymphedema [31]. However, fibrotic changes have been known to be irreversible after stage II lymphedema [32]. Recently, various surgical approaches have been attempted to prevent or reduce the severity of lymphedema [33]. A high degree of heterogeneity in the results was observed, depending on the surgical technique, patient selection, and the stage of lymphedema. However, most studies reported significantly reduced lymphedema volume with liposuction, lymphovenous bypass, and vascularized lymph node transfer compared to compression therapy only [34,35,36]. Although there is ample evidence of the positive impact of surgical treatment, there is a lack of research on the consequential change in fibrosis in the subcutaneous tissue. We found no studies on quantitative correlation between degree of fibrosis and type of lymphatic surgery.



Our study showed that reduced lymphedema strongly correlated with a decrease in the fibrosis caused by inflammation. Because the absolute volume of fibrosis is inevitably affected by the weight or height of the patient, we used the fibrosis ratio to evaluate the degree of change in fibrosis more accurately. The fibrosis ratio was lower at all levels in the improved group, and it was significantly lower than that in the aggravated group at the U20, L10, and L20 levels. The reason for the different result at the U10 level is unclear, but we expect similar trends when the sample size increases.



As this was a retrospective study, the type of lymphedema treatment after discharge, and differences in adherence to treatment among patients were difficult to quantify. Moreover, the duration from the first symptom onset to the initial CT scan and the time interval for the follow-up CT scan differed significantly among patients. Therefore, the results are insufficient to conclude which type or amount of lymphedema treatment can reduce fibrosis. However, the results suggest that fibrosis caused by lymphedema is reversible and is likely to be improved by treatment of the lymphedema.



This study has some limitations. First, we did not assess the type, duration, and adherence to compressive bandage treatment during follow-up, which could influence the effectiveness of lymphedema treatment [37]. Self-bandaging using a short stretch bandage is more challenging and the compliance rate is low [38,39]. Therefore, a prospective study is required to evaluate the relationship between compliance to treatment and impact on fibrosis. Second, there is no evidence to support whether reduction of inflammation precedes or follows the improvement of lymphedema—whichever happens first is assumed to be important for fibrosis. While we could evaluate the correlation between changes in skin and subcutaneous fibrosis and changes in lymphedema severity, measuring the degree of inflammation in the presence of lymphedema is challenging. Third, the stage of lymphedema was not considered, and the degree of change in fibrosis according to the symptom severity could not be measured. Fourth, the incidence of infection during the follow-up CT interval was not considered. The onset of lymphangitis not only increases edema abruptly but is also an important factor that interferes with lymphedema treatment, thereby also allowing the progression of fibrotic changes. Finally, we did not analyze the various risk factors that could affect changes in fibrosis; these include the type of treatment administered, presence or absence of cellulitis, and lymph node invasion patterns. A prospective study is necessary in the future to address these limitations.




5. Conclusions


In summary, inflammation caused by lymph stasis induces fibrosis within the epifascial tissue of the affected extremities. Resolution of lymphedema can halt fibrotic changes in the reversible phase, and this can be confirmed by CT-based quantitative analysis. Future studies are needed to confirm whether the effect of lymphedema treatment on changes in fibrosis depends on the severity of the lymphedema.
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Figure 1. Bidirectional change of subcutaneous fibrosis in computed tomography (CT) scan. Fibrosis was improved in follow-up (B) than initial (A). Fibrosis was aggravated in follow-up (D) than initial (C). 
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Figure 2. The fibrosis ratio at each level of the lower extremities. The fibrosis ratio within affected side between initial and follow-up CT scans was significantly different between the improved and aggravated groups at U20, L10, and L20. CT, Computed tomography; L10, 10 cm below the lower margin of the patellar bone; L20, 20 cm below the lower margin of the patellar bone; U10, 10 cm above the upper margin of the patellar bone; U20, 20 cm above the upper margin of the patellar bone. * p < 0.05. 
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Table 1. Demographic and clinical data for patients (n = 45).
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	Variables
	
	No. (%)
	Mean ± SD





	Age (years)
	
	
	57.82 ± 11.15



	Body weight (kg)
	
	
	60.12 ± 7.13



	Height (cm)
	
	
	156.82 ± 5.84



	BMI (kg/m2)
	
	
	24.52 ± 3.54



	Duration between surgery and initial CT (months)
	
	
	54.73 ± 61.15



	Duration between initial and follow-up CT (months)
	
	
	29.00 ± 16.73



	Cancer type
	Cervical cancer
	33 (73)
	



	
	Ovarian cancer
	4 (10)
	



	
	Tubal cancer
	1 (2)
	



	
	Endometrial cancer
	6 (13)
	



	
	Leiomyosarcoma
	1 (2)
	



	Affected side
	Right
	23 (51)
	



	
	Left
	22 (49)
	



	History of cellulitis
	
	18 (40)
	



	CTx
	
	21 (46)
	



	RTx
	
	19 (42)
	







CT, Computed tomography. CTx, Chemotherapy. RTx, Radiation therapy.
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Table 2. Comparison of parameters between affected and unaffected limbs in the initial CT scan.






Table 2. Comparison of parameters between affected and unaffected limbs in the initial CT scan.





	

	
Mean ± SD




	

	
Affected

	
Unaffected

	
p Value






	
Circumference (mm)

	
U20

	
599.97 ± 11.04

	
551.36 ± 42.02

	
0.00 *




	
U10

	
506.34 ± 61.87

	
452.73 ± 39.65

	
0.00 *




	
L10

	
397.53 ± 52.62

	
357.11 ± 31.79

	
0.00 *




	
L20

	
328.10 ± 45.20

	
286.02 ± 24.90

	
0.00 *




	
Skin & subcutaneous fibrosis (mm2)

	
U20

	
13,962.25 ± 3922.00

	
1667.23 ± 537.45

	
0.00 *




	
U10

	
9327.51 ± 2682.11

	
1060.43 ± 304.11

	
0.00 *




	
L10

	
2575.82 ± 2289.67

	
775.05 ± 235.21

	
0.00 *




	
L20

	
2363.54 ± 1836.97

	
720.67 ± 227.54

	
0.00 *




	
Fibrosis ratio

	
U20

	
27.72 ± 16.80

	
16.05 ± 4.72

	
0.00 *




	
U10

	
37.21 ± 21.76

	
19.76 ± 8.48

	
0.00 *




	
L10

	
49.35 ± 21.64

	
31.04 ± 11.27

	
0.00 *




	
L20

	
55.06 ± 22.53

	
35.35 ± 12.24

	
0.00 *








L10, 10 cm below the lower margin of the patellar bone; L20, 20 cm below the lower margin of the patellar bone; U10, 10 cm above the upper margin of the patellar bone; U20, 20 cm above the upper margin of the patellar bone. * p < 0.05.
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Table 3. The difference of circumference, fibrosis, and ratio of fibrosis between the initial and follow-up CT in two study groups.






Table 3. The difference of circumference, fibrosis, and ratio of fibrosis between the initial and follow-up CT in two study groups.





	

	

	
Median (Q1, Q3)




	

	

	
Total

	
Improved Group

	
Aggravated Group

	
p Value






	
U20

	
Circumference (mm)

	
−2.39 (−17.34, 14.41)

	
−12.55 (−31.35, −6.15)

	
21.75 (5.8, 44.07)

	
0.00 *




	
S-fibrosis (mm2)

	
55.75 (−485.73, 934.77)

	
29.00 (−426.41, 420,12)

	
412.94 (−624.08, 2676.71)

	
0.29




	
Fibrosis ratio

	
−2.75 (−10.0, 1.92)

	
−6.40 (−15.7, 1.00)

	
−0.90 (−6.25, 2.15)

	
0.00 *




	
U10

	
Circumference (mm)

	
−0.89 (−56.37, 1026.89)

	
−14.60 (−28.00, −2.85)

	
12.42 (2.47, 32.55)

	
0.00 *




	
S-fibrosis (mm2)

	
66.25 (−270.56, 656.83)

	
−228.71 (−693.40, 208.56)

	
638.53 (21.48, 1520.50)

	
0.00 *




	
Fibrosis ratio

	
−1.60 (−8.70, 1.90)

	
−1.60 (−11.2, 0.70)

	
−2.35 (−6.22, 2.83)

	
0.24




	
L10

	
Circumference (mm)

	
3.48 (−6.22, 27.88)

	
−0.02 (−15.23, 12.48)

	
20.91 (2.97, 37.61)

	
0.00 *




	
S-fibrosis (mm2)

	
219.32 (−122.35, 910.36)

	
2.38 (−201.63, 435.24)

	
806.38 (182.19, 1918.05)

	
0.00 *




	
Fibrosis ratio

	
−4.30 (−10.8, −4.30)

	
−14.6 (−20.8, −5.40)

	
−0.80 (−5.35, 1.95)

	
0.00 *




	
L20

	
Circumference (mm)

	
3.59 (−7.53, 19.05)

	
−8.90 (−14.96, −2.97)

	
16.14 (5.17, 32.90)

	
0.00 *




	
S-fibrosis (mm2)

	
263.47 (−56.37, 1026.89)

	
−71.42 (−947.19, 172.00)

	
828.47 (263.47, 1620.94)

	
0.00 *




	
Fibrosis ratio

	
−6.10 (−20.0, −0.10)

	
−12.2 (−23.5, −5.40)

	
−2.10 (−4.60, 1.45)

	
0.00 *








L10, 10 cm below the lower margin of the patellar bone; L20, 20 cm below the lower margin of the patellar bone; S-fibrosis, fibrosis of the skin and subcutaneous tissue; U10, 10 cm above the upper margin of the patellar bone; U20, 20 cm above the upper margin of the patellar bone. The differences in circumference and fibrosis of the skin and subcutaneous tissue between the affected and unaffected sides were used for statistical analysis. The fibrosis ratio on the affected side was used for statistical analysis. * p < 0.05.
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