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Abstract
Introduction: Following wide surgical excision of deep soft-tissue sarcomas, particularly those that 
are large and underwent preoperative radiation, patients may develop a seroma despite prolonged 
surgical drain placement. This study aimed to evaluate the natural history of these fluid collections 
to better counsel patients regarding expectations.

Materials and Methods: We reviewed data on 48 patients with seromas after extremity soft-tissue 
sarcoma resection to determine the natural history of these seromas and which patient and treatment 
factors are associated with seroma resolution, which was assessed using advanced imaging. Kaplan-
Meier and univariate analyses determined predictors of time to resolution. Alpha=0.05.

Results: Twenty patients had complete seroma resolution at a mean (standard error) 50 (7.0) 
months postoperatively. Complete resolution occurred at higher rates among men (56%) vs. women 
(24%); patients who did not undergo postoperative radiation (49%) vs. those who did (11%); and 
patients with initial seroma size <85 cm3 (61%) vs. ≥ 85 cm3 (17%) (all, p<0.05). Factors associated 
with shorter mean (standard error) time to resolution were upper-extremity involvement (6.2 [2.7] 
months) vs. lower-extremity involvement (52 [7.2] months); and initial seroma size <85cm 3 (14[1.7] 
months) vs. ≥ 85 cm3 (76 [7.5] months) (both, p<0.05).

Discussion: Most seromas after extremity soft-tissue sarcoma resection shrank over time. Male 
sex, lack of postoperative radiation, and initial seroma size <85 cm3 were associated with complete 
resolution. Initial seroma size <85 cm3 were associated with faster resolution.
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Introduction
Soft-tissue sarcomas are rare, accounting for approximately 1% of solid malignancies in adults 

[1]. Treatment is typically multidisciplinary, consisting of wide surgical resection with or without 
radiation and/or chemotherapy. After resection, the development of a seroma at the surgical 
site is common, occurring in 9% to 36% of patients despite postoperative drain placement [2-5]. 
Seromas are fluid collections composed of blood plasma ultra filtrates, and may be associated with 
preoperative radiation, large-volume resection, diabetes mellitus, and wound healing complications 
[6-13]. Several theories have been described to explain their pathogenesis, including persistent 
postoperative lymphatic leakage or crushing and shearing strains leading to fluid collections 
within the surgical field [14,15]. On Magnetic resonance imaging (MRI), seromas in the surgical 
bed appear as hypointense on T1-weighted images and uniformly hyperintense on T2-weighted 
and short tau inversion recovery images, often with a rim of hypointensity corresponding to the 
presence of hemosiderin around the periphery. Occasionally, seromas have complex heterogeneous 
signal related to the presence of prior blood products [16]. After administration of intravenous 
contrast medium, these fluid collections show peripheral enhancement only, without central 
enhancement. The characteristics of seromas on MRI have been further described on diffusion-
weighted imaging and dynamic contrast-enhanced MRI, with additional features that differentiate 
seromas from recurrent tumors (Figure 1) and from postoperative hematomas [17]. Treatment can 
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be non operative or can involve drain placement, needle aspiration, 
or surgical irrigation and debridement. However, the natural course 
of seromas after soft-tissue sarcoma resection is incompletely 
characterized.

Although seromas do not directly cause increased risk of death, 
their prolonged presence may cause patient anxiety, especially when 
they are located in the area undergoing surveillance after wide 
resection of a previous malignant neoplasm. Anecdotally, in the era 
of electronic records, patients may express concern upon seeing their 
imaging interpretation include a seroma, prior to their surveillance 
clinical encounter. Further, large post operative fluid collections lead 
to functional impairment in some patients. Patients often ask what 
to expect regarding the resolution of postoperative seromas. To our 
knowledge, few data exist regarding the natural history, progression, 
and long-term outcomes of seromas after resection of extremity 
soft-tissue sarcomas. Only two studies describe the rate of change in 
seroma volume over time; however, these studies do not describe time 
to resolution or factors associated with resolution [2,4]. Therefore, 
counseling patients on the progression of seromas is challenging. Our 
aims were to investigate:

1. The natural history of seromas after extremity soft-tissue 
sarcoma resection

2. The associations of clinical, operative, and postoperative factors 
with the resolution of seromas.

Materials and Methods
This retrospective cohort study was approved by our institutional 

review board. We retrospectively reviewed records for all patients 
who developed seromas after resection of an extremity soft-tissue 
sarcoma between 2007 and 2017, as identified by imaging reports or 
retrospective review of cross-sectional imaging studies. Of the 571 
adults who underwent extremity soft-tissue sarcoma resection during 
this period, 56 patients (9.8%) were identified with adjudicated 
postoperative seromas. Seromas were identified manually on 
postoperative MRI or computed tomography (CT) by two 
independent reviewers, and radiology reports were cross-referenced 
to ensure seromas were not missed on the initial scan. Seroma size 
was tracked over time. Discrepancies between sizes were resolved by 
consensus agreement.

We excluded patients with preoperative seromas, soft-tissue 
sarcomas in locations other than the extremities, fluid collections 
with imaging or aspiration characteristics that were suggestive of a 
hematoma, and patients <18 years old. We also excluded patients 
with <6 months of radiographic follow-up unless previous seroma 
resolution was confirmed. Forty-eight patients met our inclusion 
criteria and were included in our analysis. Medical records were 
reviewed for patient characteristics. Surgical factors were reviewed, 
as well as wound closure technique, flap placement, and perioperative 
drain use. Local recurrence of the soft-tissue sarcoma and seroma 
treatment methods were also recorded.

Demographic characteristics
Of the 48 patients included in our study, 21 (44%) were women. 

The mean (± standard deviation) patient age at time of surgery was 55 
± 16 years. The mean follow up time was 2.3 ± 1.2 years.

Treatment
In addition to resection, 7 patients underwent systemic 

chemotherapy and local preoperative or postoperative radiation 

for their soft-tissue sarcomas. Six patients underwent intervention 
for their seromas, including irrigation and debridement; drain 
placement, or needle aspiration.

Seroma assessment
Seromas were identified on surveillance MRI postoperatively 

as well-defined fluid collections arising in the soft-tissue sarcoma 
resection bed. Seromas appeared uniformly hypointense on T1-
weighted images and hyperintense on T2-weighted or short tau 
inversion recovery images, and are distinguishable from hematomas. 
On post-contrast imaging, seromas showed peripheral enhancement 
only, without central enhancement. In patients with >1 seroma, 
the largest was selected and followed over time. Seroma volume 
was calculated according to approximated measurements in the 
transverse, anteroposterior, and craniocaudal dimensions.

Statistical analyses
Kaplan-Meier and univariate analyses were used to determine 

significant associations with time to resolution of postoperative 
seromas. Chi-squared analysis was then used to determine the 
difference in the proportion of seromas that completely resolved. 
Statistical significance was set at p<0.05.

Because of the skewed nature of our cohort, the median was 
used to convert continuous variables into categorical variables. The 
median age of the cohort was 54 years (range, 25 to 82). Therefore, we 
used the age of 55 years as a binary threshold. The median resection 
volume was 783 cm3 (range, 23.6 to 10,500), and the median initial 
size of seromas was 85 cm3 (range, 1.1 to 1257). Therefore, we used 
780 cm3 and 85 cm3 as the binary thresholds, respectively. Body mass 
index (BMI) was dichotomized as obese (>30) or non-obese (≤ 30), 
and tumor location was categorized as upper or lower extremity. 
Because of our small sample size and proportion of patients with 
seroma resolution, calculation of time to seroma resolution was based 
on the mean value because calculation of median was not possible.

Results
Natural history of seromas

Seromas resolved in 20 patients with and without intervention at a 
mean of 50 months (95% confidence interval, 36 to 64; standard error 
[SE]=7.0) postoperatively. Although most resolved after 6 months, 
one patient had resolution of their seroma at 2.5 months, and two 
patients had resolution of their seroma at 4 months. In the 46 patients 
for whom initial seroma size was documented, serial monitoring 
of seroma size (volume) over time showed that 2 patients (4%) 
experienced a decrease of 25% to 49%, 7 patients (15%) experience a 
decrease of 50% to 74%, and 35 patients (76%) experience a decrease 
of 75% or more. Overall, 8 patients had an increase in the size of their 
seromas, 4 of whom had spontaneous regression of their seromas 
over time, while 2 required intervention (irrigation and debridement 
and drain placement) and then regressed. Thus, only 2 patients in our 
cohort had seromas that did not regress at latest follow-up.

Clinical factors
The lower extremity was the most common site of the tumor 

(n=46) (Table 1). Of tumors in the lower extremity, only 1 was in the 
adductor compartment. The mean initial size of seromas was 231 ± 
324 cm3.

Operative factors
Wide resection of the primary sarcoma was performed in all 

48 cases, and the mean tumor resection volume was 1545 ± 2333 
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cm3. Twenty patients underwent complex wound closure or flap 
coverage, and 10 patients underwent flap reconstruction. A surgical 
drain was placed at the end of surgery in 28 patients. These were 
removed when drainage was less than 30 cubic centimeters over 
a 24-h period. Wound healing complications, including wound 
dehiscence and surgical site infections, occurred in 6 patients. Most 
patients (n=42) had undergone preoperative radiation; whereas, only 
9 patients underwent postoperative radiation, and 7 patients received 
chemotherapy. A total of 6 patients underwent local intervention for 
the postoperative seroma (Table 1).

Factors associated with seroma resolution
Univariate analysis indicated that significantly larger proportions 

of seromas resolved in men (56%) than in women (24%) (p=0.027); 
in patients who did not undergo postoperative radiation (49%) than 
in those who did (11%) (p=0.039); and in patients with an initial 
seroma size <85 cm3 (61%) than in those with seromas ≥ 85 cm3 
(17%) (p=0.003). Factors associated with shorter mean (SE) time to 
resolution were upper extremity involvement (6.2 [2.8] months) vs. 
lower extremity (52 [7.2] months) (p=0.011) and initial seroma size 
<85 cm3 (14 [1.7] months) vs. ≥ 85 cm3 (76 [7.5] months) (p=0.004) 
(Table 2).

Discussion
Although studies have suggested factors associated with 

seroma formation, few data have been published regarding factors 
influencing the natural history and progression of postoperative 
seromas in this population [2,4]. We conducted a single-center 
retrospective review using our institute’s cancer registry to study 

the natural history of seromas and factors affecting their resolution 
after extremity soft-tissue sarcoma resection. The overall resolution 
rate of seromas in our study was 42% (20/48 patients), at a mean of 
50 months postoperatively. Most patients (96%) had a decrease of at 
least 75% in the size of their seroma by the end of follow-up. Factors 
associated with a higher rate of seroma resolution were male sex, lack 
of postoperative radiation, and initial seroma size <85 cm3. Factors 
associated with shorter mean time to seroma resolution were upper 
extremity involvement and initial seroma size <85 cm3.

Seromas are a common postoperative finding, observed in 9% 
to 36% of patients after limb salvage surgery for soft-tissue sarcomas 
[2-5]. Radiation is used routinely for large, high-grade sarcomas to 
decrease the risk of local recurrence, although preoperative radiation 
is associated with postoperative wound healing complications and the 
formation of postoperative seromas [10,18-26]. Tumor size, diabetes 
mellitus, and the proximity of the tumor to the skin are also associated 
with the development of postoperative wound complications [26]. 
Although studies have suggested factors associated with seroma 
formation, few data have been published regarding factors influencing 
the natural history and progression of postoperative seromas in this 
population [2,4].

We found that 42% of patients who developed seromas after 
wide resection of extremity soft-tissue sarcomas had complete 
radiographic resolution of the seroma at a mean of 50 months after 
resection. The radiographic resolution rate of 42% may be increased 
with longer follow-up. Although mean follow-up was 28 months, 
many seromas did not completely resolve until sometime after that, 
on average. Poon-Chue et al. [4] performed a retrospective study of 8 
patients who underwent soft-tissue sarcoma resection and found that, 
on the basis of postoperative MRI, most seromas (7/8) decreased or 
remained the same in size. However, the authors did not provide data 
or analysis on how many seromas resolved or time to resolution. In 
our analysis, the time to complete resolution is reported only for the 
subset of patients whose seromas resolved completely.

Most postoperative seromas were in the lower extremity. In their 
series of 8 patients with postoperative seromas, Poon-Chue et al. [4] 
found that all seromas were in the lower extremity. They hypothesized 
that postoperative seromas in the upper extremity were uncommon, 
possibly because of reduced gravitational effects on lymphatic and 
vascular drainage or the smaller soft tissue size and less subcutaneous 
fat in the upper extremity compared with the lower extremity [4]. 
Although our study was not designed to investigate reasons for this 
finding, we too found that seromas were rare in the upper extremity 

Characteristic N (%)

Female sex 21 (44)

Body mass index (kg/m2)† 30±7.2*

History of smoking 19 (40)

Seroma location  

Upper extremity 2 (4)

Lower extremity 46 (96)

Surgical  

Resection size (cm3)‡ 1545 ± 2333*

Complex closure 20 (42)

Flap use 10 (21)

Drain use 28 (58)

Intervention  

Preoperative radiation 42 (88)

Postoperative radiation 9 (19)

Chemotherapy 7 (15)

Intervention for seroma 6 (13)

Needle aspiration 2 (4.2)

Drain placement 1 (2)

Irrigation and debridement 3 (6)

Initial seroma size (cm3)‡ 231 ± 324*

Wound healing complication 6 (13)

Table 1: Characteristics of 48 patients who developed seromas after resection 
of soft-tissue sarcoma.

*Data presented as mean ± standard deviation
†Data on body mass index were available for 39 patients
‡Data on resection size and initial size for seroma were available for 46 patients

Figure 1: Axial fat-saturated T2-weighted magnetic resonance image 
showing 3.1 cm × 2.2 cm seroma in the anterior thigh compartment.
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Variables N Resolved (n=20)  Time to Resolution  

  N (%) p value* Mean (95% CI), mo p value†

Age (yr)      

<55 25 12 (48) 0.353 18 (14-22) 0.419

≥ 55 23 8 (35)  57 (38-77)  

Sex      

Male 27 15 (56) 0.027 17 (13-21) 0.155

Female 21 5 (24)  67 (48-86)  

Body mass index (kg/m 2)‡      

≤ 30 22 8 (36) 0.163 53 (32-73) 0.344

>30 17 10 (59)  16 (11-22)  

Smoking      

No 29 12 (41) 0.96 48 (30-66) 0.743

Yes 19 8 (42)  23 (16-31)  

Resection size (cm 3)      

<780 23 9 (39) 0.522 49 (28-71) 0.554

≥ 780 23 11 (48)  22 (15-28)  

Location      

Upper extremity 2 2 (100) 0.087 6.2 (0.8-12) 0.011

Lower extremity 46 18 (39)  52 (38-66)  

Closure      

Simple 28 11 (39) 0.692 25 (19-31) 0.562

Complex 20 9 (45)  44 (23-66)  

Flap placement      

No 38 14 (37) 0.186 25 (20-30) 0.21

Yes 10 6 (60)  37 (11-63)  

Drain placement      

No 20 6 (30) 0.166 58 (36-80) 0.227

Yes 28 14 (50)  18 (13-22)  

Preoperative radiation      

No 6 1 (17) 0.184 23 (17-29) 0.253

Yes 42 19 (45)  47 (33-62)  

Postoperative radiation      

No 39 19 (49) 0.039 21 (16-26) 0.061

Yes 9 1 (11)  82 (62-101)  

Chemotherapy      

No 41 18 (44) 0.447 48 (33-63) 0.501

Yes 7 2 (29)  21 (14-29)  

Intervention      

No 42 18 (43) 0.658 47 (32-62) 0.631

Yes 6 2 (33)  20 (11-29)  

Initial seroma size (cm3)¶      

<85 23 14 (61) 0.003 14 (11-18) 0.004

≥ 85 23 4 (17)  76 (61-91)  

Wound complications      

No 42 19 (45) 0.184 22 (17-27) 0.121

Yes 6 1 (17)  78 (54-103)  

Table 2: Univariate analysis of variables associated with proportion of and time to resolution of seromas after soft-tissue sarcoma resection in 48 patients.

CI: Confidence Interval
*From chi-squared analysis
†From univariate Cox proportional hazards regression
‡Of the 20 patients with seroma resolution, body mass index values were available for 18
¶Of the 20 patients with seroma resolution, data on initial seroma size (cm 3) were available for 18
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after soft-tissue sarcoma resection. Skibber et al. [27] also found that 
the lower extremity was the most common location of postoperative 
seromas. In our study, a higher proportion of seromas located in the 
upper extremity resolved and did so significantly faster than those in 
the lower extremity, despite being similar in size.

Although studies have shown that resection volume is associated 
with the risk of seroma formation, we are aware of no research on 
seroma size as a predictor of natural history and progression of seromas 
[9,13]. Initial volume of the seroma may be predictive of resolution. 
We found that a significantly smaller proportion of seromas ≥ 85 cm3 
resolved, and that they took longer to resolve compared with seromas 
<85 cm3. However, the proportions of patients with 25%, 50%, and 
75% decreases in seroma volume were similar between seromas of 
smaller and larger sizes.

Most patients in our study underwent preoperative radiation, 
which is an established risk factor for wound complications after 
soft-tissue sarcoma resection [6-8,10-12]. We found no significant 
difference in the proportions of patients who developed seromas 
or the time to resolution of seromas according to preoperative 
radiation status. However, postoperative radiation was associated 
with persistence of seromas. This persistence may be influenced 
by radiation-induced physiologic changes, including decreased 
compliance of the soft tissues after surgery, potentially creating 
space for postoperative seromas to form and remain. Whereas 
preoperative radiation is strongly associated with development of 
seromas, postoperative radiation may be associated with progression 
of existing seromas.

Our study has several limitations. First, postoperative surveillance 
imaging intervals may not accurately reflect the time needed for a 
seroma to resolve. This may have led to overestimating the time until 
resolution. Second, most patients were diagnosed and followed using 
MRI or CT. Although 2 independent reviewers evaluated all imaging 
and approximated seroma measurements, few patients had histologic 
or cytologic analysis of their fluid collections. Third, although imaging 
findings and clinical follow-up were consistent for all patients, 11 
patients later developed local sarcoma recurrence at the resection 
site. In these 11 patients, the imaging characteristics of the sarcoma 
recurrence were distinguishable from those of the seroma on MRI. 
Fourth, the small cohort size limited our ability to stratify patients 
for sub analysis, and only two seromas were localized to the upper 
extremity. Nonetheless, our study is one of the largest evaluations 
of postoperative seromas after soft-tissue sarcoma resection. Fifth, 
the low rate of complete resolution of seromas (43%) restricted the 
analysis of the time needed for resolution to using means rather than 
medians, despite concerns that the data may have been non-normally 
distributed. Because data regarding time to resolution in our series 
appear to be right-skewed, univariate analysis using log-rank may 
have overestimated the time needed for resolution of the postoperative 
seromas. Therefore, we were unable to perform multivariate analysis, 
potentially leading to confounding bias.

Conclusion
Seromas after wide resection of extremity soft-tissue sarcomas 

resolved completely in <50% of our patients, although most seromas 
decreased by at least 75% in volume during repeat surveillance. 
Our results show that male sex, upper extremity seroma location, 
lack of postoperative radiation, and initial seroma size <85 cm3 are 
associated with earlier resolution of postoperative seromas in this 

patient population.
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