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Abstract

Introduction Recent studies have revealed that Aquafilling

gel used for breast augmentation causes complications. In

this study, we investigated which surgical approach should

be used to treat these complications.

Materials and Methods This observational cohort study

analysed the data of 31 women suffering from complica-

tions after breast enlargement with Aquafilling injection

who were treated at our department in 2016–2021. Patients

underwent either conservative or radical surgery. GraphPad

Prism 9 (GraphPad Software, La Jolla, CA, USA) was used

for data processing.

Results Approximately 88.89% of patients after conser-

vative surgery required reoperation, while only 22.73% of

patients treated radically needed revision surgery. Every

patient who underwent an attempt to remove the gel via

needle prior to admission required surgery. Seventy-five

per cent of them had positive culture swabs, whereas only

26.09% of patients who did not undergo needle aspiration

had positive cultures. A positive correlation between the

volume of injected filler and the number of symptoms was

observed.

Conclusions In addition to irrigation and drainage,

Aquafilling removal should include infiltrated tissue exci-

sion during primary surgery. Moreover, needle aspiration

of the filler is ineffective, and it may lead to a gel infection.

Furthermore, the more filler is injected, the higher the

number of complications observed.

Level of Evidence IV This journal requires that authors

assign a level of evidence to each article. For a full

description of these Evidence-Based Medicine ratings,

please refer to the Table of Contents or the online

Instructions to Authors www.springer.com/00266.

Keywords Aquafilling filler � Breast augmentation �
Complications

Introduction

Breast augmentation remains one of the most common

operations worldwide, with a shown impact on self-esteem

improvement and sexual well-being [1–8]. On the one

hand, breast enhancement with classic silicone implants

has an established position and is the most frequently

performed cosmetic surgical procedure in the US [9]. On

the other hand, less-invasive methods are constantly sought

and advertised as methods with a short recovery time,

without general anaesthesia and visible scars [10–13].

One alternative for implants is liquid tissue fillers.

Although they became extremely popular with the rise of

the aesthetic medicine field, their use is an old concept

[12, 14]. The experiments with paraffin, vegetables and

mineral oils, and liquid silicone ended similarly with

rapidly increasing complications such as chest wall tissue

necrosis, sepsis, thrombosis, and even death [14].

Another injectable material introduced in Ukraine in the

late 1980s under the name Interfall consisted of polyacry-

lamide hydrogel (PAAG) [14–16]. Polyacrylamide is a

nondegradable synthetic polymer composed of acrylamide
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monomers. Hydrogel consists of approximately 2.5%

polyacrylamide suspended in 0.9% sodium chloride solu-

tion [17]. Despite its nonbiodegradability, PAAG is

believed to be a stable, nontoxic and nonallergenic agent

and an ideal substitute for silicone breast implants [14, 17].

Unfortunately, polyacrylamide began to cause massive and

different complications over time [15–21].

In 2012, a new filler for soft tissue contouring appeared

under the tradename Aquafilling Bodyline (Biomedica.

spol, s,r,o, Czech Republic). According to the manufac-

turer’s declaration, it was supposed to be degradable and to

consist of 96–98% solution of 0.9% sodium chloride and

2–4% a substance described as cation copolyamide; how-

ever, chemical analysis showed that Aquafilling contains

polyacrylamide particles [22]. The procedure required only

local anaesthesia and therefore could be performed at the

outpatient treatment room. The hydrogel was injected via a

2–3 mm incision within the inframammary fold and,

according to the official instructions by the manufacturer,

was placed between the mammary gland and pectoralis

muscle.

Since its introduction, a growing number of adverse

reactions after Aquafilling have been reported. Ultra-

sonography and magnetic resonance imaging revealed that

the gel can scatter through the tissues as well as infiltrate the

muscle fibres [23]. Subsequent Aquafilling complications

occurred, including pain, wounds, fluid discharge, inflam-

mation, and gel migration [24, 25]. New reports of the

adverse effects of Aquafilling have been published; never-

theless, there are still no guidelines on how to approach

these conditions and how to treat them effectively.

In this paper, we compare two different surgical gel

removal techniques and assess the efficacy of prior needle

aspiration for Aquafilling. Moreover, we evaluated whether

the volume of injected filler influences the clinical findings

in such patients.

Materials and Methods

Data were obtained from 31 female patients admitted to the

Plastic Surgery Department due to complications following

breast augmentation with Aquafilling gel. The collected

information included the volume of injected filler, time

from the injection to symptom onset and type and number

of complications. Table 1 shows the characteristics of the

study group. The sources of data were both the past med-

ical history of each patient and the current medical

examination. Furthermore, patients were asked if any

attempt to remove the gel prior to admission was made.

Gel migration within the body was evaluated with

ultrasonography (USG) and magnetic resonance imaging

(MRI). Intraoperative visual assessment was used to

distinguish scattered gel infiltration from distinctive gel

container formation. During the procedure, gel swab tests

were performed for culture. Histopathological examination

of the removed tissue was performed.

Initially, patients were treated with conservative surgery

(narrow skin incision near the gel concentration, massive

saline and betadine irrigation through a cannula, followed

by a few days of drainage); however, due to the persistence

of symptoms, we moved towards more radical treatment.

Radical surgery required a wider incision, usually within

the inframammary fold (or slightly higher if patient does

not wish to undergo a silicone implant breast augmentation

in the future—due to the breast size decrease following gel

removal). Furthermore, in addition to saline and betadine

irrigation of the wound, an excision of macroscopically

affected tissues was made (focused on white, ‘‘milky’’

tissue infiltrated by the Aquafilling and necrotic lesions).

If the symptoms relapsed, a revisional surgery was

performed. The reoperation rate was determined for both

techniques. GraphPad Prism 9 (GraphPad Software, La

Jolla, CA, USA) was used for data processing. Statistical

significance was determined using Fisher’s exact test where

available. Values of p\ 0.05 were considered significant.

Pearson’s correlation coefficient was assessed. Clinical

flowchart was created with https://www.biorender.com.

Results

All patients from the study group (n = 31) were symp-

tomatic. The majority of patients (74.19%) suffered from

more than one complication simultaneously. The symp-

toms observed are presented in Table 2. Gel migration into

the axillary region was the most frequent complication

(61% of the study group). Inframammary gel migration

was observed less often (45%). Other common symptoms

included breast pain (48%), upper extremity pain (48%),

and breast deformity (45%). Figure 1 depicts a patient from

the study group suffering from left inframammary gel

migration and breast asymmetry before (A) and after sur-

gical Aquafilling removal (B).

In 12 patients (38.71%), a distinctive gel container was

encountered, whereas gel scattered through the tissues

occurred in 19 cases (61.29%). Figure 2 shows an ultra-

sonography image of a distinctive gel container (A) as well

as its subsequent removal (B). Tissue infiltrated by scat-

tered gel was observed intraoperatively as white, ‘‘milky’’

lines (Fig. 3A) and necrotic lesions (Fig. 3B). No correla-

tion between the type of gel migration and the need for

revision surgery was observed.

There was a correlation between the amount of gel

administered and the number of symptoms occurring

(Pearson’s r = 0.6751, p value\0.0001). A higher volume

123

Aesth Plast Surg (2023) 47:2322–2329 2323

https://www.biorender.com


of Aquafilling rendered more complications (Fig. 4). There

was no correlation between the amount of filler and the

time from injection to onset. Moreover, the number of

symptoms as well as the injection-onset timeframe was not

influenced by the age of the patients.

Eight out of 31 patients (25.81%) underwent an attempt

to aspirate the gel through a needle in an outpatient clinic.

These procedures were ineffective because all of them

eventually required surgical Aquafilling removal. The

positive culture incidence was higher in this group than in

patients who did not attempt to remove the gel prior to

admission (75–26.09%, respectively, p = 0.0316, OR =

8.5). These data are shown in Fig. 5. In the whole study

group (n = 31), positive culture results were obtained by 12

patients (38.71%). Among them, there was one case of

Candida parapsilosis, whereas the rest were caused by

bacteria (the most common was Staphylococcus).

Overall, 13 patients out of 31 (41.94%) required a

reoperation. Conditions that rendered it necessary were as

follows: relapse of initial symptoms, fistula, abscess, and

recurrent container formation. The likelihood of revisional

operation was significantly higher among patients after

conservative surgery than among those approached more

radically (88.89–22.73%, respectively, p = 0.0012, OR =

27.2). Figure 6 depicts the reoperation rate among the study

group, depending on the type of initial treatment.

Table 1 Characteristics of the

study group
Variable Value

Age (years), mean ± SD 40.26 ± 7.08

Injected filler volume (ml), median (IQR) 350 (100)

Time from injection to complications onset (months), median (IQR) 42 (35)

Number of complications, mean ± SD 3 ± 1.66

IQR Interquartile range, SD standard deviation

Table 2 Complications after Aquafilling filler injection

Complication Number (%)

Fistula 8 (26)

Breast pain 15 (48)

Upper extremity pain 15 (48)

Breast deformation 14 (45)

Inframammary gel migration 14 (45)

Axillary gel migration 19 (61)

Abscess 11 (35)

Fig. 1 A Patient from the study group prior to gel removal surgery.

Breast asymmetry as well as left inframammary gel migration can be

observed. There was a major gel container in the right breast.

B Postoperative view of the same patient. The gel container was

removed from the right breast through the submammary incision, and

necrotic tissues were radically dissected. In the left breast, we had to

make a lateral incision as well as another incision below the

inframammary fold due to Aquafilling migration
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Furthermore, there was no evidence of carcinogenesis in

histopathological examination.

Discussion

The fact that all of the patients presented to our department

were symptomatic may indicate that the awareness of

Aquafilling toxicity is still very low in society, even though

there is strong evidence of its dangerous side effects. The

filler can scatter through the tissues and infiltrate muscle

fibres, causing pain, inflammation, and gel migration

[23, 24]. It can reach even distal parts of the extremities

[25]. Our study supports these findings, as similar com-

plications were observed in our patients (Table 2, Fig. 1).

Cheng et al. stated gravity as the first reason for gel

migration and muscle activity as the second reason [20]. In

our opinion, the third reason may be gradual progressive

ischaemia and necrosis of the surrounding tissues (Fig. 3B),

as often skeletonized and clotted vessels were visible

macroscopically.

Furthermore, Chalcarz et al. discovered that Aquafilling

causes an inflammatory response independent of visible

symptoms [26]. The negative effects of hydrogel injection

might be the consequence of chemical changes in the gel

structure over time, as studies have shown that polyacry-

lamide is harmless to the body, but the acrylamide mono-

mer released from polyacrylamide contains toxins. Animal

studies have shown that acrylamide reproductive toxicity

and nervous toxicity can lead to gene mutation and tissue

Fig. 2 A Ultrasonography image of a gel container approximately 3.7 cm in diameter (blue arrow) as well as hydrogel scattering through the

breast tissue is visible. B Aquafilling leaking from a cut in the right submammary fold

Fig. 3 A Breast tissue infiltrated by the gel can be distinguished by a ‘‘milky’’ colour (blue arrow). B Aquafilling scattering through the tissues

can lead to necrosis (blue circles)

123

Aesth Plast Surg (2023) 47:2322–2329 2325



changes [27]. However, there is no evidence of an

Aquafilling cancerogenic effect in histopathological tissue

examination [28]. Additionally, in our study, we did not

find any sign of carcinogenesis in the excised material.

Our research revealed that the form of gel distribution

(distinctive containers or scattered through the tissue) does

not influence the timeframe between the injection and

symptom onset or the number of complications. However,

there was a correlation between the volume of injected

filler and the number of symptoms (Fig. 4). It seems that

the more gel is administered, the more complications can

be observed. The reason for this may be simply the volume

of hydrogel, or it could be related to the number of injec-

tions. When a large amount of filler is injected, it may

require multiple deep injections with blind manipulation,

which can result in bleeding and uneven gel spreading [29].

Since Aquafilling is administered via a needle, one-

fourth of our patients underwent an attempt to remove the

gel by needle aspiration in an outpatient clinic prior to

admission to our department. This indicates that this

technique is ineffective because the symptoms did not

subside, and all patients eventually required surgical

treatment. To determine if other patients were treated

successfully with needle aspiration and therefore were not

referred to our department, we contacted clinics where

these attempts were made. They did not report any effec-

tive needle removal; however, this is a limitation of our

study because such a successful attempt could have been

made somewhere else. Nevertheless, there is no evidence

of Aquafilling needle aspiration effectiveness in the liter-

ature. Similar attempts with polyacrylamide hydrogels

were proven ineffective [30].

Moreover, a considerably higher gel infection rate was

found in patients after needle aspiration than in patients

who were referred directly for surgical treatment (Fig. 5).

The reason for this could be that external bacteria were

administered during the needle injection process. This

theory is supported by the observed pathogen heterogene-

ity. After analysis of the antibiograms, our first-choice

antibiotic was ciprofloxacin.

There are different approaches of Aquafilling removal

described in the literature, from more conservative irriga-

tion and drainage procedures to subcutaneous mastectomy

if the mammary gland is infiltrated [31]. Nomoto et al.

reported that Aquafilling can be removed with a waterjet-

assisted liposuction device; however, it is less efficient

when the gel infiltrates the muscle or mammary gland [32].

Overall, available methods rely either on gel rinsing or

breast tissue excision; therefore, they can be divided into

conservative and radical surgical approaches. Nevertheless,

there is no clear guideline as to when to apply these

techniques.

Fig. 4 Correlation between the injected filler volume and number of

symptoms per patient

Fig. 5 Incidence of positive culture among patients who underwent

an attempt to remove the gel through a needle and patients who did

not undergo such a procedure

Fig. 6 Reoperation rate among the patients after radical and

conservative surgery
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In this study, we compared the effectiveness of con-

servative and radical surgical gel removal. In the initial

cases, our interventions were limited to incisions, emptying

of filler cysts, irrigation, and drainage. The number of

complications and necessary reinterventions was very high.

Therefore, we have changed the approach to a more radical

surgical treatment. In addition to the evacuation of gel

containers, we began cutting out radically changed tissues

to the possible extent during the primary operation. We

observed a significantly lower reoperation rate among the

patients who were treated radically than among those who

underwent conservative surgery (Fig. 6). This indicates that

emptying the containers is not enough to alleviate the

symptoms and that a radical approach is more beneficial for

these patients. Without tissue excision, Aquafilling cannot

be removed completely, and the symptoms will reoccur.

Clinical flowchart of the radical surgical approach is shown

in Fig. 7.

Fig. 7 Clinical flowchart of the

radical surgical Aquafilling

removal

123

Aesth Plast Surg (2023) 47:2322–2329 2327



Conclusions

We showed that in Aquafilling breast augmentation cases,

radical surgical treatment is superior to conservative sur-

gical approach. Aquafilling removal should include infil-

trated tissue excision during primary surgery, in addition to

massive saline and betadine irrigation of the wound and

drainage. Moreover, attempts to evacuate the gel through a

needle are ineffective, and they may lead to gel infection.

However, due to the small study group, correlation

between needle aspiration and infections needs further

investigation. Symptomatic patients after Aquafilling

breast augmentation should be referred directly to the

surgical theatre, whereas treatment of asymptomatic

patients needs further research. It seems that a higher filler

volume increases the likelihood of complication

occurrence.
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