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Background: As a permanent soft tissue filler, the use of polyacrylamide hydrogel (PAAG) has been banned 
due to its myriad complications. However, a large number of symptomatic and asymptomatic patients whose 
breasts were augmented with the gel injection have continued to seek medical advice. This study aimed to 
explore standardized clinical management of breast augmentation with PAAG.
Methods: The authors retrospectively collected the data of a total of 325 patients following PAAG 
injection for breast augmentation from 2003 to 2018. Magnetic resonance imaging (MRI) was performed 
preoperatively to disclose the general distribution of the gel and its infiltration into the muscle and gland. 
Debridement surgery, including the PAAG evacuation, pathologic tissue excision, and pocket irrigation via 
the periareolar incision, was performed. Immediate breast reconstruction (IBR) using silicone prostheses was 
carried out on 86 patients and delayed breast reconstruction (DBR) was performed on 35 patients.
Results: Most of the patients in the group were satisfied with their surgical outcome, their symptoms 
disappeared after the debridement surgery, and they experienced no relapse or recurrence. Unfortunately, for 
most of the cases, it was extremely difficult to remove the PAAG completely—however, improved quality of 
life as seen through the BREAST-Q evaluation.
Conclusions: With the guidance of MRI images, surgery, including PAAG evacuation, pathologic tissue 
excision, and pocket irrigation via the periareolar incision, was a reliable method to ensure the maximal 
removal of the PAAG. Immediate or secondary breast reconstruction with sub-glandular placement of 
silicone prostheses showed a satisfactory mid-term effect.
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Introduction

Polyacrylamide hydrogel (PAAG) is a polymer synthesized 
from 2.5% acrylamide and 97.5% water (1). It was once 
considered a non-biodegradable hydrogel that was non-
toxic, non-sensitizing, and non-teratogenic (2,3). After 

its introduction from Ukraine in 1997, it was widely used 
in China as a soft tissue filler for the repair of soft tissue 
contours and breast augmentation (3). However, after long-
term clinical application, many complications, such as pain, 
induration, displacement, deformation, milk deposition, and 
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psychological fear, were reported (4). There were even some 
reports that PAAG may cause breast cancer (5,6). Patients 
who received PAAG breast injections have been negatively 
impacted, both physically and mentally. Therefore, on April 
30, 2006, PAAG was banned from the clinical application by 
the Chinese Food and Drug Administration (CFDA).

During the 10 years that PAAG was approved for use, 
200,000 women in China were estimated to have undergone 
breast augmentation by PAAG injection (7). Nowadays, a 
large number of symptomatic and asymptomatic patients 
whose breasts were augmented with the gel injection have 
continued to seek medical advice. Although aspiration 
surgery was once used for gel removal, it turned out to be 
inefficient (8). Worse still, the blind operation can easily lead 
to hydrogel diffusion and injury to the breast. The secondary 
complications may emerge endlessly, and surgical revision 
would be extremely complicated. On the other hand, no 
consensus has been reached for the reconstruction of breast 
malformation after PAAG removal. Currently, there is a lack 
of standardized clinical management regarding the removal 
of the gel and breast reconstruction. Patients seeking help 
with PAAG removal will continue to emerge for a long time.

This work concluded our algorithm for the management 
of breast augmentation with PAAG injection based on the 325 
patients who had PAAG removed at our hospital from 2003 to 
2018. It is the largest cohort of cases reported to date.

Methods

Clinical data

Between January 2003 and July 2018, 325 female patients 
(650 breasts) who had undergone PAAG injection for breast 
augmentation in other hospitals and clinics presented to our 
hospital. The number of patients per year and their history 
relating to the PAAG injection are recorded in Figure 1. 
There was no obvious downward trend. The inclusion 
criteria of the patients consisted of the following: (I) history 
of PAAG breast injection; (II) appeal to remove the gel; 
(III) availability of clinical data of original surgery; and (IV) 
accepting the potential complications of the operation and 
breast deformity after gel removal.

Al l  pa t ient  character i s t i c s  are  summarized  in  
Table 1. Pain-related complications included stabbing 
pain, distending pain, pressing pain, and referred pain, 
and the areas of pain were the breast, axilla, chest, and 
back. Induration included single, multiple, and diffuse 
indurations. Deformation included atrophy, ptosis, and 
asymmetry. Displacement included the axilla, forearms, 
the thoracic-abdominal wall, and even the perineum. 
Systemic symptoms included headaches, palpitations, 
hypodynamia, and upper limb numbness, among others. 
The asymptomatic cases related to harm caused by the gel. 
Examples of complications are illustrated in Figure 2.

Figure 1 Characteristics of cases. (A) The number of patients with the PAAG-injected breast augmentation per year (2003–2018 years). (B) 
Interval between the PAAG injection and presentation with complications. m, month; y, year; PAAG, polyacrylamide hydrogel.
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Surgical technique

Most of the patients were scanned by magnetic resonance 
imaging (MRI) preoperatively to disclose the general 
distribution of the gel and its infiltration into the muscle 
and gland. A semi-annular incision to the lower edge of 
the areola was made under general anesthesia. Dissection 
was carried out through the subcutaneous tissue to expose 
the mammary gland, and then the mammary gland was 
cut through until the capsule of the PAAG was exposed. 
The contained PAAG was then removed by aspiration. In 
case there was multiple subcutaneous sinuses, a careful and 
thorough intraoperative exploration was necessary to ensure 
that the PAAG was removed as completely as possible. After 
this, a large amount of physiological saline was irrigated 
using a catheter, and the breast was massaged while 
irrigation took place to make the residual injection particles 
easier to suck out. If the capsule was thick or the tissue 
degeneration was obvious, it was necessary to remove the 
capsule completely, including some muscles and glandular 

tissue, and send it for pathological examination. Finally, 
the gland and muscle tissue was probed carefully with the 
finger. Drainage was maintained until the total drainage 
was less than 20 mL per day. An elastic garment was worn 
by the patients for about 2 weeks at least. If the PAAG was 
significantly displaced elsewhere, additional incisions would 
need to be considered.

Postoperative follow-up

The breast ultrasound was recommended to determine 
whether there was PAAG residue 6 months after the 
operation. The augmentation module of BREAST-Q was 
used to evaluate patient satisfaction with the operation and 
their postoperative quality of life (9). The BREAST-Q 
score calculated through the Q-score program. P<0.05 
was regarded as significant. SPSS 25.0 software was used 
to analyze the data. Fisher’s exact test was used to detect 
any significant differences between preoperative and 
postoperative satisfaction (10). The scores of preoperative 
and postoperative results were divided into three groups: 
immediate breast reconstruction (IBR), delayed breast 
reconstruction (DBR), and no breast reconstruction (NBR). 
Data were also collected for the postoperative course, 
including complications and aesthetic evaluation.

Results

Besides the PAAG evacuation and capsulectomy, the 
surgery had to include partial mastectomy or partial 
pectoralis muscle resection or subcutaneous mastectomy 
in most of the patients due to the extensive infiltration 
of the PAAG. However, complete removal of the PAAG 
was impossible. Due to the strong desire of some patients, 
breast reconstruction with prosthesis implantation was 
performed. All the results are detailed in Table 2. The 
average hospital stay was 9 days (range, 3–23 days). The 
period of follow-up was 12 months. Two-hundred and 
eight patients were available for follow-up. The results of 
the follow-up evaluation are summarized in Tables 3 and 4. 
All of the categories presented with statistically significant 
differences (P<0.05), which demonstrated the effectiveness 
of our surgical management. However, for the patients 
without breast reconstruction, although PAAG-related 
complications and psychological fears were reduced or even 
disappeared altogether, their quality of life was significantly 
lower than that of patients with IBR or DBR. Due to 
completely different management, no comparison was 

Table 1 Patient demographics

Characteristics Outcome

Number of patients, number (%) 325 (100%)

History of aspiration, number (%) 26 (8.00%)

Mean age at injection (year) 33.13 [16–55]

Mean age at debridement (year) 38.23 [18–63]

Interval between injection and debridement 18 days–20 years

Bilateral injection volumes (mL) 140–1,000 

Unilateral injection volumes (mL) 50–500 

Follow-up period (month) 12 

Complication, number (%)

Psychological fear 48 (14.77%)

Multiple symptoms 155 (47.69%)

Single symptom 122 (37.54%)

Pain 148 (45.54%)

Induration 108 (33.23%)

Deformation 67 (20.62%)

Infection 29 (8.92%)

Displacement 20 (6.15%)

Deposition milk 5 (1.54%)

Systemic symptoms 11 (3.38%)
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implemented among the three groups. The surgical results 
are set out in Figure 3.

Discussion

Complications of PAAG injection

PAAG was banned by the CFDA in 2006 because of several 
associated complications, including contour abnormalities, 
abnormal skin sensation, pain, induration, malignant breast 
tumors, aseptic inflammation, leakage, and hematoma (4). 
Apart from malignant breast tumors, these complications 
were found in our patients, and the top three complications 
were pain, induration, and deformation (Table 1). Although 
there was no patient with breast cancer caused by PAAG 
found in our department, it has been reported in several 
recent studies (5,6). Recent studies suggested that PAAG 
may decompose acrylamide monomers under multiple 
factors such as body fluids, various enzymes, and mechanical 
stimuli after injection into the body, with carcinogenic 
and toxic effects on the nervous and reproductive systems  
(1,11-13).

PAAG was often injected into the retro mammary pocket 
and then formed a thin capsule that could break due to 
gravity, pressure, or trauma. It may migrate along with 
the loose connective tissue and extend to the adjacent area 
including the inframammary fold, axilla, infraclavicular 
region, abdomen, and even the perineum. These may lead 
to changes in breast shape. Induration was usually caused 
by the incorrect injection, improper postoperative massage, 
and uneven distribution of the PAAG. Pathology results 
of induration showed extensive fibrous tissue proliferation 
generated by the stimulation of the PAAG. Pain may 
be related to tissue degeneration, local tissue adhesion, 
infection, and aseptic inflammation. Poor intraoperative 
disinfection and bacterial contamination of the filler may 
result in acute infection.

Most of these complications could be relieved by 
removing the PAAG and severely degenerated tissue. 
However, some complications affect surgery choice. 
Infection is a contraindication for implants. Several 
complications make thorough PAAG removal challenging 
and create unsuitable conditions for immediate implant 

Figure 2 Complications following the PAAG injection. (A) Infection; (B) displacement; (C) deformation; (D) induration. PAAG, 
polyacrylamide hydrogel.
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reconstruction, which include extensive PAAG displacement 
(involving the back, lower abdomen, upper arm, and 
sternum), extensive infiltration, dispersive induration, and 
confusing injection level. Limited PAAG displacement 
may deform the inframammary fold (IMF), which could be 
reconstructed by suture and flap techniques in most cases 
(14-16). If there is not adequate tissue to reconstruct IMF, 
DBR might be a better choice.

Surgical method

Currently, there are three common methods for PAAG 
removal: blunt aspiration, direct visualization surgery, and 
endoscopic surgery. We recommend the second option. 
As far as we were concerned, the efficiency of the blunt 
aspiration was limited by the following aspects: first, the 
channels generated by the back-and-forth movement would 
disseminate the PAAG, making its distribution more chaotic 
and damage to tissue more serious. Second, scar formation 
and fibrous tissue hyperplasia after aspiration may increase 
the difficulty of possible secondary surgery. Moreover, even 
under the guidance of ultrasound, the suction method could 
not completely remove the infiltrating capsule and fascia. 
Finally, it was impossible for the aspiration method to allow 

Table 2 Operative characteristics for 325 patients injected with 
PAAG

Characteristics Number (%)

Type of primary debridement procedure

PAAG evacuation alone 104 (32.00)

Partial mastectomy 168 (51.69)

Partial mastectomy/pectoralis resection 43 (13.23)

Subcutaneous mastectomy 10 (3.08)

Incisions

Periareolar incisions 272 (83.69)

Additional incisions 53 (16.31)

Implant reconstruction

Immediate 68 (20.92)

Delayed 35 (10.77)

No 222 (68.31)

Mean prosthesis volume

Symptoms relieved and disappeared (mL) 250 [200–300]

Reoperation 302 (92.92)

Delayed incision healing 18 (5.54)

PAAG, polyacrylamide hydrogel.

Table 3 Changes in mean preoperative scores and mean postoperative scores of breast reconstruction for patients with breast augmentation by 
PAAG injection 

Group Category Preoperatively Postoperatively P value

IBR (n=60) Satisfaction with breasts 41.3±14.5 80.4±13.6 <0.05

Psychosocial well-being 50.9±20.2 80.3±14.6 <0.05

Physical well-being 25.3±16.8 86.2±16.1 <0.05

Sexual well-being 33.6±19.3 74.3±12.5 <0.05

DBR (n=32) Satisfaction with breasts 46.2±15.9 79.3±13.8 <0.05

Psychosocial well-being 50.4±15.7 84.2±15.1 <0.05

Physical well-being 29.3±15.3 85.7±16.4 <0.05

Sexual well-being 33.9±13.5 80.4±11.9 <0.05

NBR (n=116) Satisfaction with breasts 45.2±16.4 23.2±13.2 <0.05

Psychosocial well-being 47.6±19.5 39.3±15.2 <0.05

Physical well-being 25.6±18.7 72.1±15.3 <0.05

Sexual well-being 33.2±12.1 32.6±15.7 <0.05

PAAG, polyacrylamide hydrogel; IBR, immediate breast reconstruction; DBR, delayed breast reconstruction; NBR, no breast 
reconstruction.
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for evaluation of the extent of damage to the pectoralis 
major or the gland during surgery, causing dilemmas for 
the subsequent breast reconstruction. When we performed 
surgery on 26 patients (8%) with a history of aspiration, we 
could clearly see the PAAG residue in the breast. In addition 
to local tissue fibrosis, the breast structural confusion was 
more serious than in those who had no history of aspiration 
therapy. As for the endoscopic surgery, although the incision 

and postoperative scar were better concealed, its insufficient 
exposure of the pocket resulted in a more complicated 
surgical operation with higher technical requirements and 
higher costs. More importantly, the surgical effect was not 
widely confirmed. Perhaps for patients who especially want 
to avoid a breast scar, it is an alternative.

There were two types of incision options for surgery 
under direct vision: the semi-periareola incision and the 

Figure 3 Preoperative and postoperative photographs of debridement surgery. (A) A 33-year-old woman had received the PAAG injection 
for 5 years. Immediate breast reconstruction (IBR) was performed. (B) A 31-year-old woman had been injected with the PAAG for 4 years. 
Delayed breast reconstruction (DBR) was performed. (C) A 43-year-old woman had been injected with the PAAG for 8 years. No breast 
reconstruction (NBR) was performed. Pre-op: preoperative; Post-op: postoperative. PAAG, polyacrylamide hydrogel.
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IMF approach. However, we advocated that the periareola 
incision endowed a better surgical vision, and it was the 
easiest way to reach the surgical area. The advantages 
of our surgical methods were concluded as follows: (I) 
operation under direct vision was more efficient and safer 
to remove the hydrogel in the cyst completely; (II) the 
infiltrated capsule and the surrounding extensive necrotic 
and degenerative tissues could be removed simultaneously;  
(III) the hydrophilicity of the hydrogel was utilized during 
the operation so that the PAAG nodules, which were difficult 
to reach absorbed water and swelled. The enlarged nodules 
were then easy to find for surgical resection, and (IV) the 
residual PAAG content was reduced to the minimum by 
irrigating the pocket with saline repeatedly. Nevertheless, 
the limitation of periareola incision was that the surgical 
incision was relatively small for patients with the small areola, 
and the operation was difficult in patients with the distant 
displacement of PAAG to the abdominal wall.

The IMF approach had the following shortcomings:  
(I) it was difficult or even impossible to dissect the 
infiltrated capsule and fascia through the IMF incision; (II) 
the surgical area was not well exposed, and it was difficult 
to clearly see the various quadrants of the breast compared 
to the areola incision, especially in patients with PAAG 
displacement to the subclavian and axilla region; and (III) 
postoperative scars were more obvious. Of course, this 
approach has its own advantages in certain situations and 
was particularly suitable for the few patients in which the 
injection was shifted toward the abdominal wall. It may also 

cause relatively less damage to breast tissue compared with 
periareola incision.

There is an additional point to note: important structures 
such as muscles and nerves should be preserved as much as 
possible, although this may lead to residual PAAG. If the 
PAAG had invaded those structures severely, an experienced 
surgeon was required to weigh the pros and cons.

Postoperative reconstruction

Breast deformity after the removal of the PAAG caused a 
serious negative impact on patients’ quality of life. However, 
for security reasons, we had to control the indications for 
reconstructive surgery strictly. We believe that at least two 
points should be met: (I) a strong desire in the patient for 
breast reconstruction; and (II) adequate healthy soft tissue 
for coverage of the prosthesis.

As for the timing of breast reconstruction, we divided 
the patients into two groups of IBR and DBR. Patients 
with no signs of acute inflammation and no obvious PAAG 
residue in the implant pocket were candidates to undergo 
IBR. However, patients with acute inflammation, as well 
as those with unclear PAAG residue, could only be offered 
DBR based on the results of the review six months after the 
debridement operation. We especially did not recommend 
breast reconstruction surgery for patients with breast skin 
ulceration or for patients with severe gland and pectoralis 
major damage after the PAAG removal.

The placement of the prosthesis after PAAG removal 

Table 4 Assessment of postoperative outcomes

Assessment Category
Number (%)

IBR DBR

Complications Infection 2 (3.33) 1 (3.13)

Capsular contracture 0 0

Seroma 2 (3.33) 1 (3.13)

Hematoma 1 (1.67) 2 (6.25)

Reoperation 1 (1.67) 0

Aesthetic evaluation Bottoming-out 2 (3.33) 1 (3.13)

Wrinkling/rippling 0 1 (3.13)

Hypertrophic/abnormal scarring 4 (6.67) 2 (6.25)

Upper pole fullness loss 1 (1.67) 3 (9.38)

Local depression 1 (1.67) 2 (6.25)

IBR, immediate breast reconstruction; DBR, delayed breast reconstruction.
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has been another topic of discussion. Although most 
studies recommended sub-pectoral or dual plane breast 
reconstruction, we preferred to place the implant into 
the residual cavity, which meant a pre-pectoral plane for 
several considerations. First, the reconstruction based 
on the residual cavity was anatomically less invasive, 
technically less challenging, less time consuming, and be 
associated with less pain, as it obviated the need to elevate 
the pectoralis major muscle. In addition, nearly half of 
the PAAG-injected patients had complained of pain, and 
they showed significant resistance to the postoperative 
pain of reconstruction surgery during the preoperative 
conversation. Cattelani et al. evaluated pre-pectoral breast 
reconstruction and confirmed less postoperative pain, faster 
recovery from postoperative upper extremity functional 
morbidity as well as economic advantages compared 
to sub-muscular technology (17). Second, pre-pectoral 
reconstruction eliminated animation deformity and resulted 
in more natural breast shape, particularly during the 
adduction of the humerus. As many studies have indicated, 
even subtle animation deformity can be particularly 
bothersome for regular performance of upper body exercise 
(18-20). Third, the incidence of possible hematoma and 
seroma was lower. A suitable prosthesis utilized and filled 
the residual cavity. However, the sub-pectoral procedure 
meant that another pocket needed to be dissected, which 
may lead to a higher probability of dead space formation. 
Fourth, the majority of patients had enough well-perfused 
tissue to cover the prosthesis, although part of their 
glands was removed due to PAAG infiltration. After all, 
debridement surgery in patients with PAAG injection breast 
augmentation does not require complete removal of the 
mammary gland as radical surgery in breast cancer patients 
does. Moreover, more and more studies had verified that 
pre-pectoral implant-based breast reconstruction was a 
viable reconstructive option (21-23). The remaining breast 
tissue was considered capable of prosthetic coverage and 
superior to the acellular dermal matrices (ADM). Our 
postoperative follow-up results supported this argument. 
However, it was important to be aware of the need to 
retain as much of the healthy autologous glandular 
tissue as possible during the debridement surgery, which 
required an experienced surgeon to weigh the pros and 
cons. Fifth, the incidence rate of visible rippling over the 
permanent implants was lower compared to traditional pre-
pectoral breast reconstruction. Due to gravity, the PAAG 
displacement was more common in the lower breast glands. 
Therefore, debridement surgery did not require extensive 

removal of the upper breast gland, which meant there was 
thicker tissue to cover the prosthesis. Finally, there were 
some issues that could not be ignored in the sub-pectoral 
reconstruction of the breast. Partial and complete loss of 
normal muscle fiber architecture had been documented 
when evaluating biopsies with electron microscopy after 
sub-pectoral tissue expansion and breast reconstruction (24). 
There were also reports of significant reductions in function 
and strength among patients with sub-pectoral implants 
(25,26). In the rare cases in which adequate tissue coverage 
was not available, we recommended a second stage sub-
pectoral reconstruction. Our preliminary results suggested 
that this approach could lead to predictable outcomes and 
aesthetically stable reconstructions. To date, there has been 
no instance reported of animation deformity or capsular 
contracture.

However, this method is not suitable for patients without 
adequate healthy soft tissue coverage. Additionally, the 
residual cavity after gel removal was generally irregular, 
and the size of the residual cavity was often inconsistent 
with the size of the prosthesis, which may easily lead to the 
displacement of the prosthesis and the morphological change 
of the breast. Meticulous attention should be focused on 
eliminating dead space as much as possible by repositioning 
excess subcutaneous tissue to fill the spaces and collapse the 
pocket, which could prevent seroma formation.

Furthermore, if the residual cavity was too small, it could 
be peeled off to the ideal size along the base of the residual 
cavity. On the contrary, proper suture and reinforcement of 
the lower pole and external wall of the residual cavity were 
needed to reduce the residual cavity and fix the prosthesis 
position because the residual cavity was mainly weak at 
the lower and outer sides due to the gravity and pressure 
direction. Many Chinese scholars also used ADM to repair 
and strengthen residual cavities or cover the prosthesis, 
but the clinical efficacy of ADM in PAAG-injected patients 
still lacked further verification. Fourthly, when creating the 
reconstructive pocket, care should be taken to maintain a 
uniform thickness of residual glands, which is necessary 
to rebuild the natural feel of the breast. If not, it could be 
remedied by autologous fat transplantation, which happened 
on only one patient in our series. However, due to the 
poor local blood supply and severe scar hyperplasia, we 
recommended that autologous fat graft could be performed 
in small amounts several times to prevent fat liquefaction and 
necrosis. At present, there are many reports that adipose-
derived stem cells in autologous fat can improve local scars, 
and even differentiate and proliferate to produce new fat 
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particles (27-29). Therefore, the autologous fat graft may be 
an alternative to repair breast deformities in selected patients.

Conclusions

With the guidance of preoperative MRI images, surgery 
including PAAG evacuation, pathologic tissue excision, 
and pocket irrigation via the periareolar incision was a 
reliable method to ensure that the maximal removal of 
PAAG. Immediate or secondary breast reconstruction by 
subglandular placement of silicone prostheses showed a 
reliable mid-term effect.
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