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Abstract: A post-operative fluid collection (POFC) represents a common finding in both primary and revision total joint arthroplasty
(TJA). Fortunately, most resolve on their own, but in instances where they become symptomatic, prompt identification and manage-
ment are paramount, especially when they occur adjacent to a joint arthroplasty because of the increased the risk of developing a
periprosthetic joint infection. A strong clinical suspicion with appropriate clinical exam is required along with select imaging
modalities to arrive at a diagnosis. Meticulous surgical technique is crucial to prevent POFC, but new emerging treatments continue
to evolve. This article presents an updated overview of incidence, pathophysiology, diagnosis, and management of POFC in the setting
of TJA. We review the role of select imaging modalities as well as summarize current literature regarding new treatments such as
sclerotherapy agents, acellular dermal matrices, and negative pressure wound therapy. Future studies are necessary to explore the
interplay of inflammatory mediators in POFC formation and to define their role in fluid collection resolution.
Keywords: total joint arthroplasty, periprosthetic joint infection, acellular dermal matrices

Introduction
Post-operative fluid collections (POFC) are common in both primary and revision total joint arthroplasty (TJA).1 Large
symptomatic fluid collections represent an avenue for bacterial seeding of a joint replacement which may lead to a
periprosthetic joint infection (PJI).2 Management of PJI carries significant morbidity and mortality for the patient and an
immense burden on the healthcare system. Hematomas and seromas are two of the most common POFC within the
literature, but lymphoceles have also been described.3 Large fluid collections prolong the recovery process because of the
potential for wound breakdown and infection in the acute post-operative period.

In patients undergoing TJA who are at high risk of POFC, meticulous surgical technique is paramount. Risk factors
for POFC include multiple fascial planes, revision surgery, persistent peri-wound pressure and tension, inadequate
hemostasis, and trauma in the acute post-operative period. According to Sloan et al,4 the revision THA population is
most at risk for POFC complications. THA has four times greater rates of comorbidity and nearly three times greater
incidence of hospitalization mortality than revision TKA.4

The management of fluid collections is well studied in the general and plastic surgery literature. Recent attention has
been focused on the management of post-operative wound drainage due to the increased risk of developing a PJI.5

Beyond case studies and retrospective cohort studies, there is little written about the identification and management of
POFC and joint replacement. Therefore, the purpose of this article is to present an updated narrative review of the
incidence, pathophysiology, diagnosis, and current management of POFC in the setting of TJA.

Incidence
The reported incidence of POFC after TJA varies widely, ranging from 0.5% to 52.6%.6,7 Many studies fail to
differentiate a seroma from hematoma and instead report them together as a singular entity. Nichols et al6 reported the
rates of seroma or hematoma after primary total knee arthroplasty (TKA), primary total hip arthroplasty (THA), revision
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TKA, and revision THA to be 0.5%, 0.6%, 1.5%, and 2.2%, respectively. Procedures removing tissue are more often
accompanied by seroma formation due to the creation of dead space.8 This setting is more common in revision
procedures or complex primary joint replacements requiring extensive soft tissue dissection. Through their analysis of
data collected for the National Hospital Discharge Survey from 1990 to 2004, Memtsoudis et al9 observed the incidence
of seroma/hematoma formation to be 1.1% for primary unilateral TKA, 2.5% for primary bilateral TKA, and 2% for
revision TKA. This study suggests that patient co-morbidities and nutritional status play a role in seroma/hematoma
formation.

Pachowsky et al7 reported that about half of their patients developed a post-operative seroma, but the majority
resolved without surgical intervention. Biber et al10 failed to detect any significant differences between posterior and
lateral approaches during hip hemiarthroplasty, suggesting that the surgical approach does not seem to influence the
development of a subcutaneous fluid collection. Regardless of the location of the incision, proper surgical technique is
paramount to preventing a successful outcome.

Pathogenesis
Most of the available knowledge of seromas comes from plastic and reconstructive surgery literature as seroma formation
is more common after extensive soft tissue procedures. A seroma is classically described as a collection of exudative
fluid within the subcutaneous tissues adjacent to an incision in potential space created by surgery or trauma.11 A seroma
usually develops within two weeks after surgery or trauma.12 Seromas often present with a peri-incisional swelling with a
palpable fluid wave sign.13

In orthopaedic literature, the Morel-Lavallee lesion is often described as a traumatic seroma that results from a
shearing load applied to the soft tissue, which causes a separation of the hypodermis from the underlying fascia
(Figure 1). As a result, the perforating blood vessels and lymphatic channels that traverse the zone of injury drain into
a potential space leading to a fluid collection. This fluid can be composed of blood, lymph, and fat in various
concentrations. Continued pressure, friction, or trauma can cause the seroma to enlarge and occupy larger areas along
subcutaneous regions.14

On the contrary, a hematoma results from an arterial or venous insult that permits blood products to permeate the
potential space within muscle, between fascial layers, or within subcutaneous tissues (Figure 2). Hematomas usually
materialize within 48–72 hours of surgery or trauma to the affected area.15 Blood coagulation within muscle can give rise
to heterotopic ossification, whereas continued bleeding within restrictive fascial layers can contribute to compartment
syndrome. A mature hematoma often presents as a firm mass containing coagulated blood products.16 Unlike seromas,
the blood products from hematomas include copious amounts of inflammatory mediators that can potentiate mass effect
and inflammation around the area of surgery.17 When a hematoma occurs in the subcutaneous tissues it can present with
characteristics consistent with a seroma. The superior and inferior lateral genicular arteries of the knee along with the
medial and lateral femoral circumflex arteries of the hip have been implicated in hematoma formation within arthroplasty
literature.18,19

Incisions through large soft tissue envelopes are at higher risk for developing POFC due to the extent of vessel
disruption during a surgical approach. Extensive dissection can damage nearby blood vessels and lymphatics, which can
directly lead to seroma fluid accumulation.20 Several studies cited that the type of surgery and the extent of soft tissue
dissection are statistically significant factors contributing to seroma formation. On the contrary, Loo et al20 found that age
and obesity did not directly correlate with seroma formation, and meticulous hemostasis appears to be central to
hematoma prevention.

Both seroma and hematoma formation are fueled by factors related to the acute inflammatory response after trauma.21

POFCs contain an inflammatory milieu comprised white blood cells, cytokines, growth factors, and proteinases capable
of amplifying further inflammation.22 Certain factors, such as Interleukin-6 (IL-6) and Tumor Necrosis Factor-α (TNF-α),
are necessary for post-operative wound healing, while Interleukin-4 (IL-4) and Interferon-ɤ have been found to
accompany wound necrosis and an enlarging seroma.23 Continued fibrinolytic activity leads to further liquefaction of
subcutaneous fat, contributing to enlarging fluid accumulation, which further propagates the inflammatory cycle.24 New
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research aimed at slowing expression of damaging mediators while promoting growth factors to encourage wound
healing is ongoing.25

Diagnosis
Collecting a thorough patient history and performing a detailed physical exam are critical to differentiate a seroma from
hematoma. The differential diagnosis of a POFC can be challenging because signs and symptoms can mimic seroma,

Figure 1 Morel-Lavallée mechanism of injury depicting shearing disruption of the subcutaneous fat-fascia layer leading to disruption of microvasculature. A resultant fluid
collection comprised of blood, lymphatic, and liquefied fat, occupies the potential space created by the injury.
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hematoma, or infection. Therefore, an appropriate periprosthetic joint infection (PJI) work-up is paramount. The most
recent 2018 Musculoskeletal Infection Society definition now incorporates biomarkers to assist in the diagnosis of PJI.26

Workup usually includes serum laboratory markers of inflammation, Erythrocyte Sedimentation Rate (ESR) and
C-Reactive Protein (CRP), along with an aspiration of the fluid collection, whether intra- or extra-articular. During the
acute postoperative period, laboratory markers for infection are often elevated and may not serve as definitive markers of
infection. Therefore, a strong clinical suspicion combined with physical examination and laboratory results should be
used to arrive at a diagnosis of infection.

Temporally, a seroma develops between two and four weeks after surgery and usually presents as a soft tissue
swelling with accompanying soft tissue induration, warmth, and erythema in proximity to the incision. The fluid
collection is usually superficial to muscular fascia and most prominent in the subcutaneous tissues.27 If drainage occurs,
it is usually serous in nature and may contain scant blood products.

Acute hematomas usually present within days of surgery and display some of the same signs and symptoms of a
seroma. Hematomas can occur in the subcutaneous tissues, but unlike seromas they have been known to organize in
deeper aspects of fascia and muscle. Patients may complain of pain with the motion of the affected joint secondary to the
mass effect of an intra-articular hematoma or develop heterotopic ossification from an intra-muscular hematoma.
Evaluation of independent risk factors for hematoma formation in hip arthroplasty, as described by Mortazavi et al,28

include blood loss, administration of fresh frozen plasma and Vitamin K, perioperative anticoagulation, and hormonal
therapy. All of these may increase suspicion of hematoma over seroma.

While there is low suspicion of infection, yet clinical concern about soft tissue fluid collection remains, further
imaging studies or aspiration may assist the diagnosis.

Ultrasound
Ultrasound (US) is a noninvasive, relatively inexpensive, and easily accessible modality for evaluation of subcutaneous
pathology without the risk of radiation. Reflected sound waves gathered by the collection probe provide an image based
on the echogenicity of the surrounding tissues (Figure 3). US examination may reveal simple or complex fluid pockets
and help classify the size, depth, and extension of the fluid collection.29 Quantifying fluid collections about the hip via
US has excellent interobserver reliability with the intra-class correlation coefficient reported at 0.98 for bone-to-capsule
distance and 0.99 for defining the fluid collection dimensions.30

Figure 2 Illustration depicting possible POFC locations. (A) Superficial to the fascia and muscle. (B) Deep to the fascia and communicate with the joint. (C) Intramuscular.
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Kong et al31 demonstrated that US can increase the accuracy in diagnosing hematomas after THA. In their study, only
53% of subcutaneous hematomas diagnosed via US could be detected on clinical examination. Białecki et al32 found that
fluid collections can be easily recognized after THA as hypoechoic or anechoic areas in the soft tissues. Hoefnagels
et al30 found that US is a highly reproducible method for assessment of fluid collection in superficial layer between the
skin and the fascia lata and the deep layer between the fascia lata and the femoral cortex after THA.

Differentiation of seroma from hematoma based solely upon US alone may be difficult. Cho et al33 describe how the
sonographic features of hematomas in the acute phase are hyperechoic with a poorly defined margin, which changes to
progressively anechoic due to hemolysis within 96 hours after clotting. Hematomas that change to serosanguinous cysts
over weeks to months usually demonstrate a better circumscribed appearance on US analysis.

Computed Tomography
Computed Tomography (CT) is a valuable imaging modality in the evaluation of fluid collections. However, depending
on the location and proximity of a fluid collection to the implants, the extent of a seroma/hematoma may be difficult to
define due to the metal artifact created by the arthroplasty components. Artifact can be minimized by increasing peak
voltage and tube charge, reducing collimation, extending the display CT scale, and decreasing the cross-sectional area of
the implant that the radiation beam must traverse through patient positioning.34 Metal artifact reduction algorithms have
been shown to improve the image quality35 (Figures 4 and 5).

Hounsfield Units (HU) can be used to differentiate between different types of fluid collections based on CT. A seroma
usually has a radiodensity value of less than 20 HU, while an uncoagulated hematoma is usually between 30 and 45 HU
and a coagulated hematoma is between 60 and 100 HU. Roth et al36 described the appearance of a hematoma on axial
contrast enhanced CT scan as a heterogeneous fluid without surrounding inflammation.

CT appearance of seromas can be more variable. Park et al37 describe seroma fluid collections with homogenous (5–
38 HU) appearance but may have heterogenous (40–50 HU) attenuation, all with mild peripheral rim enhancement.
Furthermore, these POFC may contain pockets of air, usually a sequela of recent surgery, but rarely may also represent an
infection caused by gas-forming bacteria. If an acute seroma or hematoma is suspected, a CT angiogram can be ordered
in attempts to locate the vessel(s) contributing to the POFC.

Magnetic Resonance Imaging
Magnetic Resonance Imaging (MRI) is a more expensive and time-consuming method for evaluating a POFC. Just as in
CT imaging, there are a variety of methods to enhance image quality by minimizing artifact scatter associated with metal
implants.38 Fast or turbo spin echo and inversion recovery pulse sequences have been shown to greatly improve image
quality.39

Figure 3 Sagittal view of right knee depicting a long seroma within the subcutaneous tissues located superficial to the knee extensor mechanism.
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Aliprandi et al40 found MRI to be a highly reliable and reproducible method to evaluate periprosthetic fluid
collections. They defined serous fluid collections as hypointense on T1 and hyperintense on T2 and Short Tau
Inversion Recovery (STIR) (Figures 6 and 7). Conversely, hematoma collections display hyperintense T1 and inhomo-
geneous hyperintense T2 and STIR. On MRI, an acute hematoma can present as a complex periarticular fluid collection,
which may cause capsular distention if intraarticular or a soft tissue mass when extraarticular.38 MRI may also show the
degree of soft tissue disruption or show a hematoma-related mass effect on surrounding nerves. Reports of motor deficits
due to impingement of sciatic or femoral nerves secondary to a mass effect have been reported in the literature.41,42 As an
additional benefit, MR angiography may demonstrate a source vessel as a cause of hematoma and can help guide
endovascular treatment or arthroscopic or endovascular ablation management.

Figure 5 Axial (left) and coronal (right) CT scans depicting a hematoma (+42 Hounsfield Units). Note location deep to the Iliotibial band fascia.

Figure 4 Seroma on CT (+15 Hounsfield Units). (A) Coronal view of right hip seroma superficial to Iliotibial band and muscular fascia with evidence of air which
communicates directly with skin incision. (B) Axial view of left hip seroma situated between the tensor fascia lata muscle and rectus femoris muscles (arrowheads). Note
evidence of air which communicates directly with anterior skin incision (arrow). (C) Sagittal view of knee replacement with long subcutaneous seroma with air located
superficial to the extensor mechanism.
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According to Davies et al,43 the majority of the seromas are homogenous and hypointense with respect to muscle on
T1-weighted images and hyperintense on T2-weighted and STIR images. Some seromas may show hyperintensity with
varying degrees of heterogeneity on T2-weighted images due to septations, fluid–fluid levels, and/or debris.

Management Strategies
Prevention
The best treatment for POFCs is prevention. There are several measures that can be exercised intraoperatively to help
avoid POFC formation. Strategies consistent with quality surgical techniques including sharp soft tissue dissection,
appropriate hemostasis, and avoiding multiple large subcutaneous fascial planes are paramount. Electrocautery should be
used sparingly over sharp dissection due to the potential for more extensive soft tissue damage, which can increase
potential space formation and subsequent infection.44 When in doubt, the incision should be carefully enlarged to relieve
pressure and/or extraneous shear in subcutaneous tissues that can contribute to tissue necrosis. Although intra-articular
post-operative drains have fallen out of favor for routine arthroplasty cases, a robust soft tissue envelope with a large
incision can benefit from a temporary subcutaneous drain superficial to the fascia to further prevent POFC accumulation.

A recent study conducted by Pent et al45 retrospectively reviewed 4512 patients and highlighted the potential benefits
of using topical vancomycin powder in the setting of TJA to decrease PJI. Interestingly, a retrospective study by Dial
et al46 reviewed 265 patients undergoing THA and found that using vancomycin powder resulted in a statistically
significant increase in seroma formation within the treatment group. With regard to POFCs, the vancomycin powder
strategy may increase the possibility of seroma formation in high-risk individuals.

Negative Pressure Wound Therapy (NPWT)
Negative Pressure Wound Therapy (NPWT) has been gaining traction regarding POFC prevention and management. A
vacuum-assisted closure dressing is applied to a closed incision with constant pressure (~125 mmHg) for several days
after surgery.47 In a small prospective randomized control trial of 19 patients, Pachowsky et al7 demonstrated a
statistically significant decrease in the rate of seroma formation with the use of NPWT. Meanwhile, Mortazavi et al28

found that of 109 patients with post-operative incisional drainage after THA, 76% had uneventful wound healing without
the need for surgical intervention when NPWT was utilized. Despite the recent systematic review and meta-analysis by
Kosins et al48 and concluded that there was no added benefit to using NPWT in the setting of orthopedic procedures,
several studies have seen a perceived benefit in regard to decreasing POFC formation. Keeney et al49 concluded that

Figure 6 Axial images of right hip on (A) CT scan; (B) T1-weighted MRI; (C) T2-weighted MRI depicting two distinct fluid collections. The imaging aided diagnosis of a
seroma (blue arrows) in the more superficial layers and a hematoma (orange arrowheads) situated in the deeper tissues. Note the homogenous appearance of the seroma
(blue) and the heterogenous nature of the hematoma (orange) across all figures.
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NPWT improved short-term wound complications such as POFC’s, particularly in patients with a BMI above 35. This
has also been shown in Matar et al,50 adding that NPWT is not indicated in all TJA, but can provide substantial benefits
for high-risk patients.

NPWT was first believed to exert a continuous compressive force over the subcutaneous tissues immediately
surrounding the incision to help decrease shearing forces and eliminate potential dead space.51 Studies have shown
that subcutaneous tissue edema accompanying inflammation can lead to the development of a POFC.17,21 NPWT has
been shown to enhance elimination of this fluid by aiding wound apposition, modulating soft tissue tension around the
incision, and normalizing stress fields within soft tissues to allow neighboring lymphatic channels to evacuate residual
exudate.52 NPWT has been shown to stimulate angiogenesis and the migration of keratinocytes at wound edges, which
enhances wound healing in the acute stages.53 Increased angiogenin-1 and ratios of angiogenin-1 to angiogenin-2, as well
as the level of phosphorylation of the tyrosine kinase 2 receptor, occur during the application of NPWT.54 These factors
are important in the later stages of wound healing and in the role of promoting stabilization and maturation of wound
angiogenesis.55

Figure 7 Note the intra-muscular location of the fluid collection. Heterogenous appearance and deep location are most consistent with hematoma based on this axial T1-
sequence MRI.
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NPWT has been shown to be cost-effective for patients, decreasing post-operative superficial and deep infection rates
and thus preventing the need for expensive revision procedures.56,57 A recent study projected the total hospital costs
associated with PJI to be 1.85 billion dollars by the year 2030.58 Therefore, the utility of therapeutic and economic
benefits of NPWT is worthy of further investigation. Well-designed studies on the effects of NPWT and prevention of
POFC are ongoing.59

Aspiration
Aspiration can be helpful as both a diagnostic tool and a therapeutic modality to decompress the fluid collection and
relieve pressure on surrounding structures. Prompt identification and management of a POFC is important to prevent
deleterious and possible further surgical intervention. The various blood products in a POFC can further amplify the
inflammation cascade, which makes evacuating the collection crucial to protecting the healing tissues.17

Seromas are comprised of serous exudate with minimal blood products in contrast to hematomas, which contain
mostly blood products including red blood cells, fibrin, and platelets (Figure 8). The serous nature of the seroma makes
aspiration with a large-bore needle more feasible when compared to an evolving hematoma, which may be difficult to
aspiration given the coagulated components.

Reich et al60 employed a nonsurgical protocol to manage POFCs in knee and hip arthroplasties. An aspiration of the
fluid collection enabled them to rule out infection as well as decompress the surrounding tissues. After aspiration, the
incision was appropriately reinforced, compression wrap was applied, anticoagulants were paused, patient activity was
modified, and antibiotics were prescribed for cloudy aspirate or surrounding cellulitis. This strategy is useful in small to
moderate size POFCs.

Serial aspiration of a moderate sized POFC at regular intervals using sterile technique has been recommended in the
past for symptomatic relief and to permit localized reabsorption of the fluid, which can take several weeks to months.
Aspiration of a symptomatic mature or coagulated hematoma can be difficult, and a surgical decompression with
irrigation and debridement may be required. Above all, the presence of purulence or laboratory fluid analysis concerning
infection requires prompt intervention in attempts to salvage a TJA.

Surgical Strategies
Acellular Dermal Matrices
Acellular dermal matrices (ADM) have been utilized in soft tissue defects to provide a scaffold and stimulate epithelial
growth and revascularization of the affected area.61 ADMs have been employed in a wide variety of plastic surgery
procedures. In orthopedics, a urinary bladder matrix (UBM) has been used to successfully treat a persistent seroma in a
patient with a TKA.11 The UBM provides chemotactic factors that endorse epithelial and nerve cell growth as well as
fibroblast migration, which help eliminate the potential space responsible for the persistent seroma. The authors

Figure 8 Pathology slides (400x) demonstrating: (A) seromas contain benign fluid with acellular debris, fibrin remnants, and scant cells. Aspiration usually demonstrates a
yellow-orange hue that is often translucent; (B) hematomas contain a larger percentage of red blood cells, neutrophils, platelets, and fibrin when compared to seroma.
Aspiration of a hematoma is usually dark red in color.
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concluded that usage of the UBM in specific patients may be considered as a treatment option in the setting of a recurrent
seroma in TKA. It is important to note that the patient was receiving concurrent NPWT. Therefore, it is difficult to
evaluate the efficacy of using ADM alone in this patient. Larger studies across different arthroplasty procedures are
needed to confirm the efficacy of ADM.

Sclerosing Agents
Sclerotherapy is another management strategy utilized for persistent seroma and fluid collection formation. This
procedure involves placing an irritating agent within subcutaneous tissues to induce an inflammatory response to produce
tissue fibrosis. Different sclerosing agents have been utilized to close the potential space and prevent recurrent fluid
collection. Reports throughout orthopedic, spine, and plastic surgery literature demonstrate good to excellent rates of
success in small underpowered case series and studies.62–64

A systematic review by Sood et al64 examined the outcomes of erythromycin, ethanol, fibrin glue, OK-432
(Streptococcus pyogenes with benzylpenicillin potassium), polidocanol, povidone-iodine, talc, and tetracycline antibio-
tics for management of a variety of seromas. Talc and tetracyclines were two of the more commonly used agents.
However, all of the agents reviewed were “safe and effective” for recurrent seromas. The efficacy and safety of this
treatment strategy in the total joint arthroplasty literature is sparse, and future randomized controlled trials are needed to
assess the most effective and safe sclerosing agents.

Open Irrigation and Debridement
While less invasive options have failed, open irrigation and debridement (I&D) to evacuate the POFC is an option.
Chronic fluid collections can develop a cystic capsule that has to be excised to prevent future recurrence. The role for
I&D of symptomatic seromas without associated wound drainage or periprosthetic joint infection is less clear. If the fluid
collection is superficial to the deep fascia, an argument can be made to only debride subcutaneous tissue. However,
according to the recent MSIS criteria, if there is any suspicion on how the seroma/hematoma communicates with the
arthroplasty, a formal deep I&D with synovectomy and polyethylene exchange must be executed. This procedure is then
followed with at least six weeks of intravenous antibiotics to cover for a potential bacterial contamination. ESR and CRP
values are typically monitored until resolution with the potential for long-term oral antibiotic suppression in high-risk
populations. Future studies will be needed to elucidate the role for I&D with or without polyethylene exchange for
symptomatic seromas without associated wound drainage or periprosthetic infection.

A few studies have analyzed the potential outcome of arthroscopic I&D of a seroma. Most of the literature regarding
arthroscopic I&D includes single patient case studies or technique papers.65–67 It is unclear in the literature whether
arthroscopic I&D is viable for large or more complicated seromas.

I&D of the fluid collection is often difficult with potential complications including infection, continued drainage, and
enlargement of the seroma/hematoma. Meticulous hemostasis and elimination of nonviable tissue is paramount to prevent
the formation of another fluid collection. Closing the wound in a multi-layered (quilted) fashion has been shown to
decrease the recurrence of a seroma/hematoma. Placing a subcutaneous drain and primarily closing the incision along
with NPWT is highly recommended to help manage the resultant edema and inflammation after an I&D procedure.

In rare instances where the wound does not respond to the above management strategies and the wound is isolated to
the subcutaneous tissues, healing via secondary intention is an option although not preferred. This can be a tedious
process, sometimes taking 3–12 months to heal depending on the size of the seroma.64 At this juncture, coordinating with
a wound care specialist and a plastic surgeon will be necessary, especially if soft tissue coverage will be necessary in the
future. During this time, the surgeon may elect to keep the patient on chronic antibiotics to help protect the prosthesis
during the healing.

Discussion
We have highlighted similarities and differences between seroma and hematoma. It is important to distinguish between
the two because treatment can differ. POFCs are among one of the top causes for patient readmission within one month
of receiving a TJA.68,69 In 2015, the total average cost of a TJA was just over 8200 US dollars. In addition, Medicare
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claims and economic burden for revision THA and TJA were about 19% and 8%, respectively, in 2003, totaling almost
30% in total for Medicare claims for a total burden of about 1.5 billion dollars.70 Most importantly, POFCs are important
to prevent, distinguish, manage, and treat correctly to improve patient outcomes.

Timely identification of a POFC is beneficial to ensure a proper treatment strategy is initiated. Table 1 summarizes the
different aspects of seromas and hematomas that may aid in diagnosis. For a suspected fluid collection, the surgeon must
remain cognizant of the associated inflammatory mediators. Further soft tissue insult can lead to further liquefaction of
subcutaneous fat, which contributes to increased fluid accumulation, which may further perpetuate the inflammatory
cycle and enlarge the POFC.24

A peri-incisional US can help localize a POFC as well as assess characteristics, such as echogenicity. A POFC located
in the superficial subcutaneous that are relatively anechoic on US tend to favor a diagnosis of seroma, while the converse
holds true for a more complex collection such as a hematoma. Therefore, if the incision is healed, aspiration of a
symptomatic the collection is usually first-line management. A large seroma can easily contain over 100 mL of fluid;
therefore, the location of the POFC should be identified with one of the aforementioned imaging modalities to ensure
proper localization before aspiration. Because a seroma exists mostly in a liquefied state, manual pressure around the
periphery of the seroma can help to divert the fluid to the aspiration needle. Most hematomas will consolidate on their
own, but if the POFC becomes symptomatic or creates a mass effect on the surrounding tissues and incision it may have
to be evacuated. Although an aspiration with a large bore needle can be attempted, it is highly unlikely it will be
successful unless the hematoma is early and not coagulated.

If the decision is to aspirate, sterile technique is employed with the skin prepared with an iodine-based solution.
Aspiration is usually at the apex or distal aspect of the POFC. Afterwards, a compression bandage or peri-incisional
wound vac is applied in attempts to help eliminate the remaining potential space and slow the POFC from returning.
Pausing anticoagulation and rehabilitation are also suggested to prevent further soft tissue irritation from shearing of the
subcutaneous tissues. It is sometimes necessary to perform serial aspirations as the fluid collection may slowly recur.

Table 1 Overview of the Similarities and Differences Between a Seroma and Hematoma in the Setting of TJA

Seroma Hematoma

COMPOSITION Serous exudate (lymph, fibrin, WBC,

cytokines) Scant Blood Products

Majority of Blood products, (RBC, fibrin, platelets, cytokines)

TIMEFRAME TO

APPEARANCE

2 weeks or more 2–7 days

ASSOCIATED LABS Loosely associated with Nutrition labs* Declining hemoglobin and Hematocrit

PHYSICAL EXAM
FINDINGS

Fluid Wave Firm Mass; Ecchymosis

COMMON
LOCATION(S)

Subcutaneous tissue superficial to muscle
fascia

Subcutaneous tissue superficial to muscle fascia; superficial to muscle by
deep to fascia; intramuscular; intra-articular

ULTRASOUND Anechoic Hyperechoic

CT SCAN 0–20 Hounsfield Units Hounsfield Units:

30–45 (uncoagulated)
60–100 (coagulated)
*CT Angiography to help identify bleeding vessel

MRI Hypointense T1

Hyperintense T2 & STIR

Septations, fluid-fluid levels

Hyperintense T1 & T2 & STIR

APPEARANCE OF

ASPIRATION FLUID

Translucent yellow-orange serous Early hematoma dark red *Difficult to aspirate mature coagulated

hematoma
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Each subsequent aspiration should yield a less fluid indicating convalesce. If the collection appears to be increased in
size, advanced imaging to further define the parameters of the POFC is necessary. A CT or MRI angiogram would be
considered if there was suspicion of continued blood loss, such as with diminishing hemoglobin/hematocrit levels, to aid
in locating adjacent vascular structures or lymphatic channels that may be contributing to the POFC.

A chronic POFC, usually persisting for more than 6 weeks, may become encapsulated in a cystic membrane, which
may lead to increased pain in adjacent soft tissues; thus, operative intervention would be necessary. The same meticulous
operative technique would be employed with strong consideration in a post-operative subcutaneous drain, sclerotherapy,
or ADM can be employed. Close post-operative follow-up is highly recommended in these cases. A pre-operative
consultation with the plastic surgery team for planning purposes should be considered. In rare circumstances, a seroma
can form after the debridement of a hematoma, thus meticulous surgical technique with the use of an intralesional drain is
a common management strategy.

Future technology will likely become more common to help diagnose a POFC. Fagotti et al71 studied the reliability of
two hematoma classification systems in THA. Their objective classification systems, which employed a dedicated computer
algorithm, demonstrated improved accuracy in classifying the severity of hematomas in arthroplasty. Finally, because a
seroma is an exudate, proper protein nutrition during healing is a very important consideration. It is recommended that
patients consume at least 0.8 grams of protein/kg of body weight/day for proper healing to occur.72–74

Conclusion
In summary, POFCs are common after TJA and fortunately most resolve on their own. In instances where they become
large enough to become symptomatic, prompt identification and management are paramount, especially when they occur
adjacent to a joint replacement. Future well-designed studies are necessary to explore the interplay of inflammatory
mediators in seroma/hematoma formation and to define the role of lymphatics for fluid collection resolution. A strong
clinical suspicion with appropriate clinical exam is required along with select imaging modalities that are necessary to
assist diagnosis. Management of POFC begins with steps towards prevention, which include meticulous surgical
dissection and adequate hemostasis. When symptomatic cases occur, aspiration is usually attempted before further
surgical intervention. Further investigation into sclerotherapy agents, ADM, and the timing of I&D would provide
more clarity on the overall management of a POFC.
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