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The lymphatic system
The lymphatic system is vital for tissue homeostasis and relies on the 
tentative balance between the entry of lymphatic fluid from tissue and 
the ability of the system to transfer that fluid centrally. The lymphatic 
system consists of a deep system, the lymph collectors, and a 
superficial system, the lymph pre-collectors and capillaries. These two 
systems are separated by the deep fascia. In the event of deep system 
failure, fluids and their contents are re-routed via the superficial 
system. This re-routing, however, can be affected by induration of 
the fascia and of the epi-fascial tissues in general. Unlike the vascular 
system, the lymphatic system is not a closed circulatory system. This 
means lymph can be transported from distal to proximal areas, and 
also from the deep system to the superficial system and vice versa. 
A vital characteristic of the lymph capillaries is that they are highly 
permeable1,2. The lymphatic system is responsible for transporting 
proteins, fluid, macromolecules, inflammatory mediators such 
as cytokines, fatty acids and immunological cells which plays an 
important role in both the regulation of homeostasis and immune 
responses3. The major lymph collectors are often situated within the 
adventitia of large arteries and veins. Lymphatic flow in peri-arterial 
lymphatics is induced by the arterial pulsatile flow4. As lymphatic 
fluid is slowly transported through the body it enters lymph nodes. 

Abstract
Lymphoedema is the accumulation of fluid in the tissues. Higher cytokine levels within this fluid can cause chronic inflammation, which 
leads to poor tissue health and repair. As lymphatic failure progresses, lymphoedema worsens, resulting in visible swelling and mobility issues. 
These issues are associated with discomfort, heaviness and pain. Lymphoedema is more commonly recognised as secondary to cancer and its 
treatment; however, it can also occur after trauma with extensive soft tissue damage or loss. Severe open fractures due to high-energy trauma 
require soft tissue reconstruction with local, regional or free tissue in addition to the fixation of bony injury. Oedema, both within and 
surrounding the reconstructed site, can present acutely in the post-surgery setting. However, in some patients the swelling fails to resolve and the 
patient develops chronic oedema. This is lymphoedema, when the lymphatic system is in a state of failure, either due to its inability to regenerate 
in the wounded area or its inability to handle the increased load imposed in the post-traumatic period. Findings in this literature review 
show no current best practice protocols are available at this stage of traumatic lower limb lymphoedema. However, new lymphatic imaging 
techniques focused on lymphatic function may provide a better understanding of lymphatic failure, possibly identifying the reasons for poor 
regrowth and inosculation of lymphatic channels, or the effect of increased loads on the existing system. This literature review is in preparation 
for a clinical study.
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Each lymph node acts as a filter and provides a key role in activating 
immunologic responses4,5.

The lymphatic capillaries and collecting vessels form a delicate system, 
and its interdependence with the vascular system makes it vulnerable 
for damage caused by surgery, mechanical trauma or infections5.

Microcirculation
A microcirculatory lymphatic plexus is present in the superficial 
layers of the skin, which acts in conjunction with the vascular 
system to maintain tissue fluid homeostasis. These highly permeable 
lymph capillaries take part in the exchange of fluid, cells and 
macromolecules3. Much of the formed lymphatic fluid is dispersed 
superficially to the deep fascia, but some is further transported sub-
fascially to the deeper lymphatic system. Lymphatic fluid drains from 
the peripheries to the abdomen where it travels along tributaries to the 
thoracic duct and is in turn introduced back into the venous system1,3. 
This process of filtration and reabsorption ensures the balance of the 
interstitial pressure, where volume and contents are maintained4.

Impaired microcirculation
When filtration of the venous system exceeds the reabsorption 
capacity of the lymphatic system, interstitial volume homeostasis is 
disturbed. This is initially characterised by localised tissue oedema. 
Local tissue oedema can spread as nearby systems are overloaded and 
can cause a segment, or even the whole limb, to swell2. Additionally, 
the generally protein-rich fluid accumulation in the tissues can induce 
inflammatory reaction, leading to fibrosis development, impaired 
immune responses and reduced wound healing capacity3. Delivery of 
crucial nutrients to cells is reduced or completely stagnated, causing an 
overall patho-histological picture of chronic inflammation2. Contrary 
to previous theories, recent research suggests that the lymphatic 
system is responsible for 100% of the reabsorption process, and is, 
therefore, central to local control of superficial fluid homeostasis6,7.

Lymphoedema
Lymphoedema is a progressive chronic condition caused by the 
accumulation of fluid in the body tissues. Lymphoedema can be 
hereditary as a primary condition, or acquired secondary to damage 
or disruption of lymphatic vessels; most commonly in western 
countries lymphoedema is seen due to malignancies and their 
treatment2,5,8. In this article lymphoedema due to secondary cause 
is the focus, since the soft tissue trauma and the subsequent surgery 
has damaged the lymphatic system or compromised its ability to 
regrow. Lymphoedema can occur following any injury in which the 
superficial or deep lymphatic systems are damaged by trauma. In 
high-energy injuries involving soft tissue in combination with bone, 
both systems can be profoundly injured and efforts at reconstruction 
are often ineffective at re-establishing lymphatic function. Soft tissue 
reconstruction often involves importing tissue, either locally or from a 
distant site, to cover exposed bony injury and re-establish the integrity 
of skin coverage9.

Although the vascularity of such tissue is ensured by the surgeon, 
there is little capacity to address lymphatic function of the tissue — 

therefore, these patients are at risk of developing severe lymphoedema 
in the recovery period.

If the load on the compromised lymphatic system is higher than 
its transport capacity then the swelling will increase and result in 
regional or whole limb discomfort, heaviness or pain. The inevitable 
scar tissue formation that develops as a result of injury and subsequent 
surgery prevents the development of lympho-lymphatic anastomosis. 
Scar tissue perpendicular to lymph collectors may present blockage to 
lymphatic drainage pathways and subsequently cause a reduction in 
lymph transport1,2. There is a delicate balance, which, if disrupted, will 
result in the onset of lymphoedema.

In Australia, lymphoedema secondary to cancer is most often 
reported with an estimation of at least 20% of those who are treated 
for melanoma, prostate, breast or gynaecological cancer10. By best 
estimates, one in 30 people are affected by lymphoedema worldwide11. 
A firm incidence or prevalence report is almost impossible to 
accurately determine. Current estimates likely understate the 
prevalence of lymphoedema given that commonly the first stages 
of lymphoedema go unrecognised or are misdiagnosed. Also, there 
remains little conformity on specific diagnostic criteria, making inter-
study comparisons difficult10,12.

Late-stage chronic lymphoedema is hallmarked by an increase of local 
adipocyte size and numbers and local tissue induration13. Since the 
local and often general, specific and non-specific defence systems are 
compromised when the lymphatic system fails, these patients remain 
prone to recurrent infections and inflammation5. Patients affected by 
lymphoedema not only carry the burden of physical consequences; 
psychosocial consequences such as distress, depression and reduced 
body image have been proven in previous studies2,10.

Whatever the cause of the lymphoedema and whatever the region, 
generally the physical, social and psychological issues are similar.

Trauma

The role of trauma in lymphoedema is less well defined than 
lymphoedema as a sequelae of cancer treatment. However, it is an 
important factor in determining the long-term impact on function 
and mobility following trauma.

Blunt injuries may be caused by acceleration, deceleration, compression 
or shearing injuries resulting in various tissue components being 
crushed, macerated or devitalised entirely. In Australia the majority 
of traumas are related to motor-vehicle collision and falls14. These 
injuries seem to be divided between the older people who generally 
have a higher incidence of falls, whereas the young and the middle 
aged have more transport-related injuries15,16. Such injuries result 
in a reduced quality of life, impaired functional outcome and large 
associated cost of medical care17,18.

The lower extremity contains vital long bones that are vulnerable 
to injury in high-energy trauma. In particular, the anatomically 
superficial location of the tibia means that it is less protected by fatty 
subcutaneous tissue or muscle and is often fractured with associated 
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soft tissue loss. The extent of the injury results in an open fracture. 
An open fracture is to be handled with extreme care and is a surgical 
emergency due to damage of not only the bone but also soft tissue, 
blood and lymphatic vessels at the micro and macro levels19. Open 
fractures are likely to be sites of mal-union and superficial infection as 
well as infection of the deeper (sub-fascial) and bone areas20. Fractures 
are the most common type of hospitalised injury and treatment 
requires immediate irrigation and debridement21.

In Australia, trauma is initially treated by orthopaedic surgery (66%) 
followed by plastic surgery (10%), neurological surgery (10%), general 
surgery (7%) and CTS/vascular and urology surgery (7%)22. Salvage 
of the lower limb is dependent on the nature of the bony injury, gross 
contamination leading to infection, and the extent and nature of 
soft tissue damage. Even after reconstruction has been achieved, an 
ongoing risk for deep and superficial infection with gram-positive and 
gram-negative pathogens remains associated with open fractures and 
can result in serious complications23,24.

Soft tissue damage

While wound healing is not the focus of this article, the process of soft 
tissue repair is inseparably linked with the regeneration of lymphatic 
function. An open wound associated with a compound fracture 
results in a complex and acute process of repair. Acute wounds 
undergo an initial phase of coagulation followed by a complex 
inflammation cascade mediated by lymphocytes, macrophages and 
granulocytes25. All of these most often facilitate the healing and 
normalisation process, but can be sub-optimal if the lymphatic 
system is dysfunctional. Although lymphatic capillaries have a strong 
ability to regrow in healthy tissue, in damaged tissue this is more 
challenging26. Soft tissue trauma will disrupt microvasculature and 
its repair processes must come into play. Generally this means an 
increase in plasma filtration and lymph accumulation in the dermis 
along with dilated and thus sometimes dysfunctional collecting 
lymphatics5.

Every wound is at risk of infection, irrespective of cause, size, 
anatomical location and management27. When the lymphatic system 
is damaged and loses its immunological functionality, the risk is 
greatly increased28. The development of wound infection depends on 

the type of trauma, location of the wound, presence of contamination, 
adequacy of initial debridement and decontamination and the timing 
of reconstruction25. Open wounds with extensive soft tissue loss have a 
dismal healing prognosis unless properly reconstructed. By assessing 
the biochemical and anatomical healing processes of surgical wounds, 
the tissue regeneration, formation of collagen fibres and importance 
of vascular involvement can be reviewed25,29.

Information regarding regeneration of lymph capillaries in human 
wound healing and their importance is scarce. However, Nogami 
et al.30 visualised lymphatic regeneration in rats, demonstrating the 
regrowth of lymphatic capillaries from the healthy tissue edges of 
the wounds. This is different from vascular regeneration that rapidly 
forms in the granulation phase of acute wound healing30. In general, 
open wounds demonstrate significant delay in lymphatic channel 
regeneration as in comparison with arterial and venous angiogenesis. 
In the soft tissue surrounding wounds there is the accumulation of 
waste products in the tissues which mechanically compromise lymph 
capillaries and micro-vascular flow, thereby increasing capillary 
permeability and venous after load31. This process adds considerable 
burden to an already damaged lymphatic system — essentially 
overloading an under-functioning system, leading to increased risk of 
failure, infection and delayed tissue healing.

Load is increased but transport capacity has been reduced so there is 
a high chance of failure, with infection and poor tissue healing being 
the major negative outcomes.

Reconstruction and the lymphatic 
system
The treatment of compound fractures with extensive soft tissue loss 
depends on the overall presentation of the extent of bone, soft tissue 
and vascular injury and requires a multidisciplinary approach24. 
Therefore, there is no standard practice that can be applied to all 
patients. However, treatment such as immediate debridement of 
contaminated and devitalised tissue followed by reconstruction with 
either skin grafting in minor wounds or more complex muscle flaps 

Severe lower leg trauma with extensive soft tissue loss

Free flap reconstruction (latissimus dorsi flap)
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for extensive injuries are used. The so-called reconstructive ladder 
describes the reconstructive management based on complexity of 
the soft tissue defect. The reconstructive ladder starts with minor 
procedure such as skin grafts that are commonly used over exposed 
muscles, fascia or subcutaneous tissues. Local and regional flaps 
are harvested near the wound area, as they contain a similar blood 
supply. These are used for small to moderate wounds. Either a muscle 
flap or a fascio-cutaneous flap can be applied in various ways such 
as being rotated, transported or transposed into the wound21. The 
benefit of the muscle and fascio-cutaneous flap is the local blood 
supply, which is essential for healing. Free flap reconstruction is the 
most complex modality which is used to close large defects that are 
not otherwise graftable or amendable to local reconstruction. This 
type of flap contains tissue harvested from another area of the body 
containing an artery and vein which is reattached in the defect site21. 
This reattachment ensures tissue vascularisation, which creates an 
ideal tissue coverage of a healing fracture. Although it is accepted 
that lymphatic vessels contribute to healthy tissue31, the role of the 
lymphatic microcirculation and subsequent lymphatic regeneration in 
flap reconstruction has not been researched thoroughly. Despite being 
technically demanding, the success rate for free flap reconstructions 
has been estimated as high as 91% to 99%32. Survival is dependent on 
revascularisation, and is determined by monitoring the continuous 
arterial flow and venous outflow33. Venous outflow obstruction is seen 
as the main cause of free flap failure34.

Oedema that occurs in the free flap post-surgery has been identified as 
an impairment in lymph transport35. Khazanchi et al.36 explored lymph 
transport in free flap reconstruction sites using lymphoscintigraphy. 
Their eight participants showed lymphatic activity in the free flap 
early after surgery (nine days)36. This was supported in a study by 
Slavin et al.35 where they performed lymphoscintigraphy 13 days post-
surgery, and found indications of advanced regeneration probably 
starting as early as eight days post-operatively35. Although both 
studies mentioned fast uptake of the radio colloid tracer and therefore 
excellent lymph drainage, they did not focus on any abnormal lymph 
node size (enlargement) or lymph collector dilation.

Persistent oedema has been observed long after the fracture and 
wound have healed, suggesting that lymphoedema is present37. Often 
there is a late diagnosis of this chronic condition and only as the 
clinical symptoms of lymphoedema have progressed or increased or 
caused immobility38. Thus, the factors that contribute to post-trauma 
lymphoedema should be explored so that early intervention can be 
initiated39.

Szczęsny et al.40,41 explored post-traumatic oedema and found 
enlargement of lymph nodes in all 21 patients with post-traumatic 
oedema40,41. The often associated dilation of major distal lymph 
collectors in the entire lower extremity and its associated decrease of 
lymph flow has been confirmed by lymphoscintigraphy41. Of course, 
this adds to the problem of wound repair, healing and infection.

Outcome
Interestingly, research questionnaires and research tools aimed at 
assessing the functional outcomes of patients following open lower 
limb fractures do not classify lymphoedema as a parameter of 
interest18,38. This is a concerning oversight that fails to acknowledge 
the role of a healthy lymphatic system in normal wound healing and 
the adverse outcomes associated with a failing lymphatic system. 
Lymphoedema impacts considerably on a patient’s quality of life, 
mobility and emotional wellbeing, and leaves the injured limb with 
an increased risk of recurrent infection and delayed healing42. 
However, it is recognised that patients complain about oedema and 
diminished sensibility in the leg or foot, but a treatment or procedure 
protocol remains absent39,43. Studies of short and long-term outcomes 
of lower limb trauma patients show poor functional outcomes and 
this is of significant concern44. Correlation of poorer outcomes with 
lymphatic dysfunction may help to identify patients that are at risk of 
wound healing complications so that appropriate management can be 
implemented.

Healing phase of a free flap

Lymphatic imaging
Ongoing debate regarding the best non-invasive method for 
visualising lymph vessels could be the reason why the lymphatic 
system is often neglected and thus not adequately managed. 
Considerable advances in lymphatic imaging have been made over 
the last decade. A useful imaging technique for differential diagnosis 
and to exclude malignancies is the magnetic resonance imaging 
(MRI). The computed tomography (CT) and ultrasound mainly give 
structural indications, being the signs of a failing lymphatic system5. 
However, it would be highly useful to be able to image functional 
status of the lymphatic system itself. For determining functional 
signs there are various techniques including intradermal injection of 
Patent Blue, radionuclide lymphoscintigraphy with 99mTc labelled 
human serum albumin or 99mTc sulphur colloid. Both are classified 
as invasive measurements5 so this might contribute to a reticence in 
their use as not only is the patient exposed to ionising radiation but 
also it has been found that nephrogenic systemic fibrosis has been 
associated with the contrast fluid38. In view of these negatives, the use 
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of Indocyanine Green (ICG) has been gaining popularity and is being 
increasingly introduced into practice.

ICG is a water-soluble tricarbocyanine dye which has clinically 
been used for the imaging of cardiac output, hepatic function and 
retinal vascularisation45. This fluorescing contrast agent associates 
with proteins and is made visible with excitation light and recorded 
with a near infrared camera system. ICG is considered a safe and 
non-invasive technique that provides accurate functional lymphatic 
imaging. Skin is relatively transparent to ICG with near infrared 
imaging and a clear, real-life image can be obtained without scattering 
of the (visible) light. The research team of Furukawa et al.46 used 
ICG fluorescence lymphography to assist the excision of in-transit 
metastatic melanoma46. The fluorescence of ICG is within the near 
infrared spectrum range (approximately 800 nm) and this makes the 
dermal lymphatics visible. This research showed repeatability of the 
test, with easy interpretation and it seems to be more cost-effective 
than lymphoscintigraphy46. The usefulness of ICG has been proven 
in skin and breast cancer sentinel lymph node biopsy as a real-time 
fluorescence tracer47,48. Most recently it has also been used in sentinel 
lymph node biopsy in gastric cancer and gynaecological cancer 
surgery49,50. Holm et al.51 observed that certain haemodynamic and 
intrinsic metabolic pathways are invaluable for wound healing and 
postoperative outcomes51. However, neither the lymphatic system 
nor its contribution in wound healing and tissue homeostasis is 

mentioned in this review. This review argues the need for clinical 
studies with fluorescence dye intraoperatively as the best possible 
outcome for tissue survival and skin viability51.

ICG in lymphatic function assessment
We consider the use of ICG and near infrared camera system as 
an ideal method to assess the incidence of local and generalised 
lymphoedema in patients who have had severe lower leg trauma 
with associated soft tissue injury. We have identified a cohort of 70 
patients who have suffered severe open tibial fractures (Gustillo-
Anderson IIIB) as a result of trauma between 2006 and 2012. Patients 
underwent soft tissue reconstruction with importation of either 
local or free tissue for wound coverage and have a variable degree of 
ongoing deficit and lymphoedema. Assessment of lymphatic function 
will involve intradermal ICG injection in correlation with established 
measures of lymphoedema and functional assessment. In addition, a 
prospective arm will be commenced that will recruit patients in the 
acute phase of recovery from such injuries to assess the timeline of 
lymphatic recovery. 

A longitudinal follow-up of these patients will give us a picture of 
lymphatic regeneration in response to injury and the contribution 
of the imported flap tissue to lymphatic function and limb recovery. 
Such information will contribute to the knowledge of the recovery 
process of the lymphatic system in response to injury and hopefully 

Smith & Nephew develop products that help wounds 
heal, allowing people to return to normal life faster.

PICO™ is simplified Negative Pressure Wound Therapy 
(NPWT) for acute and chronic wounds. The unique 
4-layer dressing allows effective exudate 
management without the need for a bulky canister. 
Combined with a disposable pocket sized pump this 
makes NPWT accessible to more types of wounds, 
patients and clinicians.

This innovation to heal is just one product from 
the Smith & Nephew advanced wound care  
portfolio, where you’ll find a solution for many  
different types of wounds.

Innovation is
Negative Pressure Wound 
Therapy that’s simple

PICO™ 

PICO™ • AllevYN™ • ACTICOAT™ • durAfIber™ • Iv3000™ • OPsITe™ POsT-OP vIsIble   

New Zealand: T 0800 807 663  www.smith-nephew.com/nzAustralia: T 13 13 60  www.smith-nephew.com.au/healthcare

™Trademark of Smith & Nephew SN10162

SN10162 PICO_Innovation_DeepesTissue June.indd   1 3/22/2013   12:02:51 PM



Wound Practice and Research 72

van Zanten M, Piller N & Finkemeyer J	 A review of severe lower limb trauma with extensive soft tissue loss

provide insights into the early management of lymphoedema and 
improvement of outcomes following lower limb trauma.
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