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Farima Dalaei*, Amar Bucan??, Alexander Wiinholt**, Mads Gustaf Jargensen®, Christian Renn Hansen<?, Christina

Baunde, Svend Hvidsten®s, Eva Kildall Hejbgl®,, Henrik Daa Schreder®f and Jens Ahm Sgrensen®

Research Unit of Plastic Surgery, Department of Plastic Surgery, Odense University Hospital, Odense, Denmark; *Clinical Institute, University
of Southern Denmark, Odense, Denmark; <Laboratory of Radiation Physics, Odense University Hospital, Odense, Denmark; “Institute of
Clinical Research, University of Southern Denmark, Odense, Denmark; eDepartment of Nuclear Medicine, Odense University Hospital,

Odense, Denmark; ‘Department of Pathology, Odense University Hospital, Odense, Denmark

ABSTRACT

Lymphedema is a common complication following breast cancer treatment with axillary lymphadenectomy
and radiotherapy. Currently, there is no curative treatment for this disease, hence there is a need for new
therapeutic suggestions. The aim of this study was to investigate the effect of hyaluronidase (HYAL) injections
after inducing hindlimb lymphedema in 36 female C57BL/6 mice. HYAL injections were administered every
second day for 14 days in three groups: (1) HYAL for 1 week followed by saline for 1 week, (2) HYAL for 2 weeks,
and (3) saline injections for 2 weeks. Volume of the lymphedema limb was weekly assessed with micro-com-
puted tomography (u-CT) scans for a total course of 6 weeks. Lymph vessel morphometry was assessed in
the end of the study after staining cross-sections of the hindlimb for anti-LYVE-1 blindly. Lymphatic function
was assessed by lymphoscintigraphy to assess lymphatic clearance. There was a significant reduction of the
volume of lymphedema in mice treated with HYAL-7 compared with mice treated with HYAL-14 (p < 0.05) and
saline (p < 0.05). No differences were detected in lymph vessel morphometry and the lymphoscintigraphy
between groups. Short-term treatment with HYAL-7 might be a potential therapeutic suggestion for second-
ary lymphedema induced in mouse hindlimbs. In the future, clinical studies are needed to investigate the
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potential of HYAL treatment in human beings.

Introduction

Approximately 10-30% of women diagnosed with breast-cancer will
develop lymphedema due to the mastectomy, axillary lymphadenec-
tomy and/or irradiation therapy [1,2]. Currently, there is no curative
treatment of lymphedema. It is primarily treated with lifelong con-
servative compression garments and physiotherapy [3]. Hence, there
is an obvious need for a better molecular understanding of this dis-
ease and new therapeutic suggestions.

Secondary lymphedema is a complex condition characterized by
disruption of previously normal lymphatics, causing stagnation of
extracellular fluid [4,5]. As the condition progresses, the initial lymphatic
stasisleads toinflammation, fibrosis,and fat deposition in the interstitium.
This results in a radical enlargement and permanent hardening of the
affected limb, further inhibiting the lymphatic circulation [6,7]. Once the
chronic state has established, it is hardly reversed [8]. Some studies
suggest that there is an accumulation of hyaluronic acid (HA) in human
lymphedema [9-11]. HA is known as a major component of the
extracellular matrix (ECM), where it increases the viscosity and acts as a
barrier to the diffusion of free solutes [12,13]. The role of HA in
lymphedema limbs is unknown and data are limited [9,10,14].

The enzyme hyaluronidase (HYAL) hydrolyzes HA, thereby
decreasing the viscidity of the ECM and reducing the resistance to
fluid absorption [15]. Fluids are more easily diffused and more quickly
absorbed into the general circulation [13]. This action of HYAL has
been widely used to accelerate the diffusion and absorption of

subcutaneously injected fluids and drugs [16,17]. However, only
limited studies have investigated the potential of HYAL as a
therapeutic agent preventing lymphedema [15]. This study aimed to
investigate the impact of HYAL injections on alleviating hindlimb
lymphedema in mice over two distinct treatment periods: the first
comprising one week of HYAL injections followed by one week of
saline injections, and the second involving two consecutive weeks of
HYAL injections. The two treatment groups will be compared to a
control group that only receives saline injections.

Materials and methods

The Danish National Animal Inspectorate approved the study (2018-
15-0201-01445) and it was reported according to the ARRIVE
Guidelines 2.0 [18]. For the use of HYAL, we obtained compassionate
use permit by the Danish Medicines Agency (Drug-ID 27415609215).

Animals

Thirty-six 9-week-old female inbred C57BL/6 mice weighing
between 16 and 18 g (Janvier Labs, Le Genest-Saint-Isle, Saint-
Berthevin Cedex, France) were used in this study. All mice were
acclimatized for 7 days in groups of eight prior to study commence-
ment. In the whole study period, all mice were maintained on a

CONTACT Farima Dalaei @ farima.dalaei@gmail.com @ Department of Plastic Surgery, Odense University Hospital and University of Southern Denmark, J.B.

Winslgws Vej 4, Entrance 20, Penthouse 2. floor, 5000 Odense C, Denmark.

© 2023 The Author(s). Published by Medical Journals Sweden on behalf of Acta Chirurgica Scandinavica.
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-
nc-nd/4.0/), allowing third parties to copy and redistribute the material in any medium or format and to remix, transform, and build upon the material for non-commercial purposes,

provided proper attribution to the original work.


https://doi.org/10.2340/jphs.v58.7791
mailto:farima.dalaei@gmail.com
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

normal 12-h day-night cycle at 21°C with a humidity of 45 to 55%
and fed a standard diet and water ad libitum. Animals were anesthe-
tized before and during each procedure with a subcutaneous injec-
tion of fentanyl 788 pg/kg, fluanisone 25 mg/kg and midazolam
12.5 mg/kg. To prevent hypovolemia during surgery 0.5 mL saline
was administered subcutaneously before surgery. Ophthalmic oint-
ment (Viscotears) was also administered. Postoperatively, the mice
were housed individually and received oral analgesic treatment
(Buprenorphine, 0.2 mg/g) daily for 3 days. All mice were eutha-
nized by cervical dislocation at the end of the study.

Induction of lymphedema

Lymphedema was induced in the right hindlimb of mice according to
a previously described model, consisting of three separate proce-
dures: radiation prior to surgery, surgery and post-surgical radiation
[19]. See Figure 1 for the study design and time points of each proce-
dure. Radiation was emitted from an x-ray instrument (Gulmay D3100,
Xstrahl Camberley, United Kingdom) at a dose rate of 5.11 Gy/min

Radiation Radiation

Lymphoscintigraphy
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(100 kVp, 10 mA, HVL 2.53 Al). Treatment was administered in two
fractions with a dose of 10 Gy 7 days before and 4 days after surgical
procedure [19]. A 3.0 mm thick rubber-lead sheet enclosed the irradi-
ated area (@25 mm).

The surgical procedure has previously been described elsewhere
[19,20]. Three investigators performed all surgical procedures (F.D.,
A.W. and A.B.). Briefly, a circumferential incision was made proximal
on the midthigh, and the skin was dissected to the knee. A 0.1 mL
patent blue V (Guerbet, Cedex, France) was injected between the
right second and third toe, visualizing a blue-stained popliteal lymph
node, two prenodal and one postnodal lymphatic vessels along the
ischiatic vein see Figure 2. The stained lymphatic vessels were tied
with 10-0 nylon suture. The popliteal and inguinal lymph nodes were
resected along with their fat pads. The procedure was concluded with
a circumferential suturing of the skin edges down to the muscle fascia
with 6-0 nylon suture. To constrain the superficial lymphatic-flow and
mimic the human wound healing process, a wound gap of 2 mm was
left out when suturing the skin to muscle fascia, see Figure 2 [19].
Finally, antibiotic ointment was applied at the wound gap to reduce
the risk of infection.

Hz—

) Injection every 2™ day

puCT-scan Immunohistochemistry

Lymphoscintigraphy

Figure 1. Experimental setup and study design. Study design. Time points of experimental procedures and outcome measurements.

Figure 2. Lymphedema model (19). (A) Radiation prior to surgery. (B) Injection with patent V blue, visualizing the lymph vessels that will be ligated (PLV, DLV1
and DLV2) and the popliteal lymph node (PLN) that will be removed. The inguinal lymph node is not depicted in this figure. (C) Ligated DLV1 and DVL2 and
positive milking test, shows inhibited lymph flow through the DLV1 and 2. (D) Circumferential suturing of the skin edges to the muscle fascia leaving a gap of 2
mm. PLV = Proximal lymph vessel, PLN = proximal lymph node, DLV = distal lymph vessel.
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Hyaluronidase injections

This study consisted of three treatment groups, with 12 mice in each
group served in this study. HYAL-7 mice were treated with HYAL for 7
days followed by saline for 7 days, HYAL-14 mice were treated with
HYAL for 14 days, and SALINE mice (control group) were treated with
saline for 14 days, see Figure 3 for the injection technique of the mice.

Hyaluronidase 1.500 IU (Hyaluronidase, Wockhardt United
Kingdom) was dissolved in 0.5 mL Saline (Sodium Chloride solution
9 mg/mL, B Braun Medical, Denmark) in 0.5 mL syringes with
27-gauge needle and subcutaneous injected in the right hindlimb
of the mice every second day. The control group was injected with
0.5 mL saline subcutaneously in the right hindlimb. Before every
injection, mice were anesthetized with a mixture of 1.5-2.0%
isoflurane (ScanVet, Denmark) and 100% oxygen and placed in a
prone position.

Sample size, randomization, and blinding

Thirty-six mice were included in total based on a power calculation
of 80% power and a significance level of 5% derived from a previ-
ously described lymphedema model [19]. With a volume of 196 mm3
and a standard deviation of 9.7 mm?, a sample size of 10 mice in
each treatment arm (30 in total), a volume reduction of at least 13.8
mm? would be detectable. Two additional mice were added to each
group in case of preterm euthanization of mice due to ethical rea-
sons. Mice were randomly allocated into three groups. In the whole
study period and when assessing the results, two investigators (F.D.
and A.B.) were blinded. One investigator (A.W.) injected HYAL and
saline during the study period and was not part of any data analysis.
A.B. and F.D. performed all analyses and were both blinded.

Micro-computed tomography and Lymphoscintigraphy

All mice underwent weekly micro-computed tomography (u-CT)
scans of both hindlimbs for repetitive volume assessments. Small-
animal single-photon emission computed tomography (SPECT)/CT
was performed as in an earlier described model [19]. In brief, mice
were scanned on a Siemens INVEON multimodality preclinical scan-
ner (Siemens Preclinical Solutions, Knoxville, TN, USA). The projection

Figure 3. Injection technique of the treatments. All injections were adminis-
tered every second day in 14 days. The HYAL-7 mice (n = 11) were treated with
hyaluronidase for 7 days followed by saline injection for the remaining 7 days.
HYAL-14 mice (n = 11) were treated with hyaluronidase for the whole period.
The control group, SALINE mice (n = 12) were treated with natural saline.

was set to 1200 ms and the transaxial field of view was 44 mm. Before
every imaging session, mice were anesthetized with a mixture of 1.5—-
2.0% isoflurane and 100% oxygen and placed in prone position on a
heated SPECT/CT animal bed.

Two mice per group (six in total) underwent Technetium *m
human serum albumin (**Tc-HSA) lymphoscintigraphy at weeks 1 and
6toassessthelymphaticclearance.Mice wereinjected subcutaneously
with a bolus injection of 0.02 mL *™Tc-HSA between each hindlimb’s
second and third toe. Doses were approximately 14.9 + 1.9 MBq for
left hindlimb and 15.1 £ 1.5 MBq for right hindlimb (Vasculocis, CIS
Bio International, Paris, France) administered using a 0.5 mL 30-gauge
syringe (Covidien, Medtronic Minneapolis, USA). The tracer uptake
was expected to have reached steady state after 45 min [21]. The
SPECT/CT was performed after 45 min and 4 h after injection of *™Tc-
HSA and moved around freely between imaging sessions.

Immunohistochemistry

Hindlimbs were fixed in 4% paraformaldehyde for 48 h. The hindlimbs
were cut 10 mm distal to the heel and decalcified in 4.0 M formic
acid/0.5 M sodium formate for 24 h before paraffin embedding. To
detect lymphatic vessels, 3 um thick sections were attained and
stained with anti-LYVE-1 (ab33682, Abcam, Cambridge, United
Kingdom). Tris-EGTA buffer (pH 9.0) at 60°C overnight was used to
achieve antigen retrieval. Specimens were incubated with primary
antibodies (1:10000) for 60 min at room temperature. Envision +
horseradish peroxidase-labeled polymer (K4003, Dako, Agilent,
Glostrup, Denmark)/DAB+ was used as a detection system.

Data analysis
SPECT/CT

Data analysis of the SPECT/CT fused images was performed with
INVEON Research Workplace software, version 4.2 (IRW, Siemens
Healthcare, Ballerup, Denmark). The lymphatic clearance of the oper-
ated- and non-operated limb was calculated from lymphoscintigra-
phy scans made 45 min and 4 h after tracer injection. Volumes of
interest were defined around the injection site. The activity decline
from the injection site was presumed to follow a monoexponential
function e*. The removal rate was calculated as 100%k (%/min) [19].

Micro-computed tomography

The hindlimbs underwent volumetric measurements and were calcu-
lated from acquired CT images. To standardize the measurements,
the distal tibiofibular joint was localized in three-dimensional axial
images using a previously described method [19] and functioned as a
proximal landmark. The volume of the hindlimb distally from the tibi-
ofibular joint was then calculated using the simple thresholding
techniques (Siemens IRW software). All voxels within the Hounsfield-
interval of =500 to 4000 units were included in the hind limb volume.
The volume of the operated and treated hindlimb was compared
with the non-operated limb throughout the entire study period for
each mouse in each group.

Lymph vessel morphometry

Sectioned images of both hindlimbs of each mouse were attained
using Nanozoomer Digital Pathology (Hamamatsu Photonics, Boston,
MA, USA) and analyzed with NDP viewer. For each sectioned image,
the region of interest was enclosed manually in two dimensions
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Lymphoscintigraphy

Only two mice from each treatment group were included for
lymphoscintigraphy to illustrate inhibited lymph flow at baseline
and the change at the end of the study. The results are summa-
rized in Figure 5. There was no detectable difference in lymphatic
clearance between the three groups when only including six mice
in total.

Discussion

In this study, we investigated the effect of HYAL injection on a
lymphedema mouse hindlimb model over the course of 6 weeks.
Three treatment groups of 12 mice in each group were injected every
second day for 14 days, respectively, with HYAL for 14 days, HYAL for 7
days followed by saline for 7 days, and saline for 14 days. The
lymphedema limb was compared with the non-operated hindlimb
with weekly u-CT scans, in the end of the study with lymphoscintigra-
phy, and lymph vessel morphometry. There was a significant reduc-
tion of lymphedema volume of HYAL-7 mice at weeks 4-6 compared
with mice treated with saline and between HYAL-7 and HYAL-14 at
weeks 4 and 6. There were no differences between mice treated with
saline and HYAL-14. Lymph vessel morphometry showed no signifi-
cant differences between the three treatment groups. The mean
lumen of lymph vessels in the dorsal footpad was smaller in the HYAL-
14 compared with HYAL-7 and saline (p = 0.07), although not

100+ Il HYAL-7
° Il HYAL-14
c
ﬁ 50 Il SALINE
©
K3
3
<]
= 07

-50 T T T T T T

1 2 3 4 5 6
Week

Figure 4. Percentage of baseline change of volume. Abaseline = change
from baseline, HYAL-7 = hyaluronidase for 7 days followed by saline for 7 days,
HYAL-14 = hyaluronidase for 14 days, SALINE = saline for 14 days. Percentage
of baseline change. A change of baseline of 100% means that the mouse has
recovered completely. Baseline is week 1 volume difference between the
operated and the non-operated (control) limb as the mice did not receive
treatment at this time point. Thereby calculating a baseline excesses volume
(lymphedema). The difference between excess volume (lymphedema) each
week and baseline was calculated for the rest of the 6 weeks. Then, the per-
centage was calculated based on the baseline.

Table 2. Lymph vessel lumen

significant. Lymphoscintigraphy showed no differences between the
three groups.

Lymphedema volume was significantly reduced in mice treated with
HYAL-7 compared with HYAL-14 and saline. Surprisingly, there were no
difference between HYAL-14 mice and SALINE. This might indicate a
treatment window of 7 days of HYAL treatment as HYAL injections for
subsequently 7 more days did not further reduce the volume of
lymphedema. Correspondingly to this study, in a mouse tail lymphedema

Week 1
1.0
HYAL-7 Operated limbs
0.8+ HYAL-7 Control limbs
0.6 HYAL-14 Operated limbs

HYAL-14 Control Limbs
SALINE Operated limbs
SALINE Control limbs
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E
s mm HYAL-7 Operated limbs
S 1.0 B HYAL-7 Control limbs
£ B HYAL-14 Operated limbs
< mm HYAL-14 Control Limbs
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£ mm SALINE Control limbs
3
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Figure 5. Lymphatic clearance. HYAL-7 = hyaluronidase for 7 days followed
by saline for 7 days, HYAL-14 = hyaluronidase for 14 days, SALINE = saline for
14 days. Mean lymphatic clearance % per min. (+ standard deviation) for each
group after 45 min and 4 h week 1 and week 6.

Total lymph vessel lumen (um?)

Experimental groups Lymphedema limb Control limb Difference P-value 95% Cl
HYAL7 (n=11) 1077.5 £ 883.2 1039.2 £692.2 42.1+£11263 0.69 (-781.3-1149.3)
HYAL 14 (n=11) 1037.4 £ 855.7 1116.8 £647.3 —-87.4+993.8 0.48 (-597.8 -224.8)
SALINE (n=12) 1123.9+927.5 914.7 £529.1 226.1+1098.9 NA NA

Mean lymph vessel lumen (um?)

Experimental groups Lymphedema limb Control limb Difference P-value 95% Cl
HYAL7 (n=11) 130.6 +76.9 131.5+759 -1.03+87.3 0.39 (-39.9-97.4)
HYAL 14 (n=11) 119.1 £108.1 1724+ 1515 -53.3+129.5 0.073 (—8.34-170.5)
SALINE (n=12) 1444+ 743 116.7 £ 66.1 27.7 £ 66.1 NA NA

Lymph vessel lumen in mean =+ standard deviation (um?). HYAL-7 = hyaluronidase for 7 days followed by saline for 7 days, HYAL-14 = hyaluronidase for 14 days,

SALINE = saline for 14 days, NA = not applicable.



model Roberts et al. found that HA was upregulated on days 5, 15 and 20.
On day 5 the increased HA resulted in tail swelling, and from day 10 the
diameter of the tail gradually decreased. This is consistent with our
findings in the HYAL-14, where the lymphedema volume increases
between weeks 1 and 2. However, in contrast to our study, Roberts et al.
initiated injections with HYAL from day 12 to 18 postoperatively and
found HYAL worsening the edema. This might also advocate for a
treatment window of HYAL treatment [22]. To our knowledge, this is the
first study to investigate the effect of HYAL in two treatment durations.
The optimum treatment window, number of injections and dilution of
HYAL should be further investigated in future studies.

We have previously shown that the results of the p-CT scans are
extremely precise. Wiinholt et al. investigated the inter- and intra-
rater agreement of the p-CT scans, showing a low risk of measurement
bias [23]. Bucan et al. investigated the interrater agreement of p-CT
scans, the electronic caliper of paw thickness, and plethysmometer in
the measurement of lymphedema in mouse hindlimb, also showing
that p-CT scans had the highest interrater agreements and had a low
risk of measurement bias [24]. Therefore, the u-CT scan is a reliable
and validated measurement modality.

Similar to our findings, Roh et al. found reduced lymphedema
volume with hyaluronidase injection. They also found increased LYVE-1
expression in the immunohistochemistry, suggesting that HYAL
promoted lymphangiogenesis in the lymphedematous limb and better
lymphatic drainage measured with lymphoscintigraphy [14]. However,
inourstudy, neitherthelymphoscintigraphy norimmunohistochemistry
showed any difference between the three groups. In the
lymphoscintigraphy, only two mice served in each group. Therefore,
the results should be interpreted cautiously due to the risk of a type
one error. Cross-sections of fixed hindlimbs were stained for LYVE-1
antibodies. The results of the immunohistochemistry were bound to
high variability depending on which each axial cut/cross-section of the
fixed hindlimb that were chosen for random analysis. Also, there was
great uncertainty in the analysis process of the LYVE-1-stained lymph
vessels, as non-specific cells were stained as well in the process, making
it difficult to differentiate the lymph vessels from other stained cells.
The results of the immunohistochemistry should, therefore, also be
interpreted carefully. There were no differences detected in the total
lymph vessel lumen and the mean lumen of lymph vessels between
the three groups. The observation of smaller and more numerous
lymph vessels in the groups treated with HYAL compared to the saline
group could potentially be attributed to the process of
lymphangiogenesis occurring in the treated groups. However, this
hypothesis warrants further research to be definitively confirmed.

Of the three measurement modalities u-CT scans, immunohisto-
chemistry, and lymphoscintigraphy the results of the u-CT scans were
superior to the two others. Clinically, lymphedema is characterized by
volume increase and stage depending on the degree of swelling [25].
The primary goal of lymphedema treatment should foremost be to
decrease the volume of the edema. Thus, the number, size, and func-
tion of the lymph vessels become secondary considerations if the
treatment does not effectively reduce the size/volume of the limb.

Microneedling of the skin is known to result in a regenerative
response. Both animal models and in vitro examination of human
tissue have shown that microneedling creates microchannels and
microwounds, inducing wound healing cascade and neovasculariza-
tion [26-28]. Such a regenerative response could potentially have
reduced the lymphedema swelling in all groups, including the con-
trol saline group. Particularly as the injections were given every sec-
ond day for 14 days in all groups.

No studies have investigated the optimal dilution of HYAL or the ideal
number of injections. Roh et al. showed reduced lymphedema volume
and lymphangiogenesis; however, they did not report the concentration
of HYAL [14]. In a mouse tail lymphedema model Jeong et al. used an
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HYAL concentration of 150 1U/0.1 mL, only injecting once 9 days
postoperatively. In accordance with our study Jeong et al. also showed
reduced lymphedema volume of the tail; however, they also found
increased LYVE-1 after HYAL injection and better lymphatic function with
lymphoscintigraphy [29]. Nekoroski et al. used an HYAL gel application of
30 pL recombinant human HYAL 24 h preoperatively, 2 and 12 days
postoperatively, which also showed reduced tissue fluid content and
edema resolution of the murine tail [30]. As in our study, Cho et al. used a
concentration of 1500 IU of HYAL, however, dissolved in 100 pL saline and
injected into the hindlimb of mice with three injections of HYAL. Seven
days after the third HYAL injection, they found the swelling of the
lymphedematous tissue to have reduced to normal, as in the control
group. Furthermore, histologically they found significantly reduced
dermal thickness and fibrotic area compared with the control group.
Their results are equivalent to our HYAL-7, indicating that maybe a
treatment of three injections with 1500 IU HYAL might be the optimum.
However, this needs further investigation in future studies [10].

One of the strengths of this study is the blinded, randomized
design with a large sample size compared with other rodent studies
and aduration much longerthan mostanimal studies[10,14,22,29,30].
Another strength of this study is the lymphedema measurement with
U-CT scans, showing extremely high precision and low risk of bias
compared with conventional measuring modalities [23].

However, a potential limitation of any mice lymphedema model is
maintaining lymphedema for a longer period, especially in the whole
study period for investigation of different treatments of lymphedema
[14]. Furthermore, the immunohistochemistry could be bound to bias,
as it was difficult to differentiate the different died cell types. The
surgical procedures were carried out by three different surgeons.
Although they all have comparable surgical experience, the potential
for bias exists due to the variability in individual surgical techniques. In
order to adjust for this, mice were randomly allocated into three
different groups, minimizing this potential risk of bias. The primary
limitation of this study and all rodent lymphedema models is whether
these models can be used to mimic the pathology of lymphedema in
human beings. The lymphatic system, immunology and regenerability
of humans and mice are very different, and it is uncertain whether
HYAL will have the same impact on human lymphedema or not [31].
Hence, future studies are needed to investigate the effect of HYAL in
clinical trials.

Conclusion

The injection with HYAL-7 significantly reduces the volume of mice
lymphedema in the hindlimb of mice compared with a control group
injected with saline and HYAL-14. There were no differences between
mice treated with HYAL-14 and saline. This study suggests that the
enzyme HYAL can be a promising candidate for the treatment of sec-
ondary lymphedema when treated for 7 days. However, further stud-
ies are needed to investigate the differences in HYAL treatment
durations and whether HYAL is a potential treatment of secondary
lymphedema in humans.
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