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Abstract

Background: The complications of polyacrylamide hydrogel (PAAG) injected for breast augmentation have
captured the attention of the physicians and patients. More and more patients are seeking for the removal of it. In
this article, we analyzed the effectiveness of the removal of PAAG injected for breast augmentation by using an
inferior periareolar incision under the direct visualization. We got to know the extents of the removal of PAAG
injected in different layers.

Methods: Fifty patients (99 breasts) for the removal of PAAG were randomly selected. On the basis of the
preoperative and postoperative MRI, the patients were divided into four groups according to whether the PAAG
infiltrated to the subcutaneous tissue and muscles or not. In each group, the volumes of PAAG before and after the
removal were calculated to analyze the removal amount of the PAAG injected in different layers.

Results: The mean volume of injected PAAG was 264.81 ml. The mean volume of residual PAAG was 9.18 ml.
The mean percentage of the removed PAAG was 96.49%. There was no significantly difference in preoperative
volume of injected PAAG among different groups p=0.992). There was significantly difference in postoperative
volumes of residual PAAG after removal among different groups (p=0.000).

Conclusions: The PAAG injected for breast augmentation and degenerated tissue could be removed using the
direct visualization method to obtain successful removal of the great amount of PAAG. The PAAG without infiltrated
to the subcutaneous tissue and muscles was most easily removed. The infiltration of the subcutaneous tissue and
muscles increased the difficulty of the removal the PAAG.
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Introduction
Polyacrylamide hydrogel (PAAG) has been widely used for injection

augmentation mammoplasty in Ukraine, Russia, China, and Iran for
more than 2 decades [1]. Although numerous reports have indicated
that polyacrylamide hydrogel injection for soft-tissue augmentation
leads to a good result [2-4]. Many other studies have reported many
complications after the use of polyacrylamide hydrogel. The reported
adverse effects associated with PAAG injection for augmentation
mammoplasty include indurations and lumps, hematoma,
inflammation, infection, persistent mastodynia, poor cosmetic results,
glandular atrophy, gel migration, loss of ability for breastfeeding and
even delayed diagnosis of breast cancer [1,5-10].

The complications of the use of PAAG for breast augmentation had
attracted the attention not only of the physicians but of the
government. In April 2006, the China state Food and Drug
Administration announced that PAAG would be prohibited from
production and clinical application in plastic surgery. It was reported
by a lot of media which made people pay much more attention on this
matter. Many patients came to our hospital asking for removal of the

polyacrylamide hydrogel in their breasts regardless of whether they
had complications or not.

There were several approaches reported for the removal of PAAG.
Some reports suggested that PAAG in breast could be removed by the
suction method with a cannula [11,12]. However, there were some
physicians who believed that blunt aspiration not only left too much
gel in breast, but also gave rise to new complications such as the
migration and grow of the PAAG, blunt trauma and causing several
scattered spaces which enhanced the degree of muscle tissue
degeneration [13,14]. To remove as much PAAG as possible, it was
recommended by several physicians to remove the infiltrated fascia
and capsule together with the free PAAG using the direct visualization
method [13,15,16]. But there were few studies on the analysis of the
removal amount of PAAG using this method. In this article, we
reported our experience in the removal of PAAG injected in breast by
using an inferior periareolar arc incision under the direct visualization.
We calculated the volume of PAAG injected for breast augmentation
before and after the removal. The purpose of the study was to get to
know the effectiveness of the method for the removal of PAAG injected
for breast augmentation.
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Material and Methods
Between January 2005 and November 2012, there were 407 patients

who admitted to our hospital for the removal of the PAAG because of
the complications after PAAG injected for breast augmentation. Fifty
patients (99 breasts) were randomly selected form them. All patients
were scanned before the operative procedures by magnetic resonance
image (MRI) (Siemens Magneton Vision 1.5T).

An inferior periareolar arc incision was used to remove the PAAG
under direct visualization (Figure 1A). Dissection was completed along
the surface of the mammary gland downward to the inferior edge of
the gland. A radial incision then was made on the mammary gland.
The retromammary space then was exposed and the traits of PAAG
were known. The flowing PAAG can be squeezed from the cavity as
much as possible (Figure 1B). After that the cavity was repeatedly
irrigated with a large volume of normal saline which was sucked out by
the negative pressure machine. Then the capsules were dissected away
(Figures 1C and 1D). The solid PAAG and the capsules should be
dissected away as intact as possible. If the PAAG had been injected into
the muscles, the pectoralis major should be opened to expose the gel.
Because the gel tended to be mingled with the muscle in different
muscular regions and layers, the injected PAAG and degenerated tissue
should be detected together. For the PAAG injected into the intercostal
muscles, pneumothorax should be avoided. If the PAAG had been
injected into the subcutaneous tissue, electrocautery should not be
used to avoid the injury of the skin. Sporadic lumps and PAAG in
independent layers should not be ignored. They also must be removed
according to preoperative MRI images.

Figure 1: Surgical Technique. (A) PAAG was removed by an inferior
periareolar arc incision. (B) Flowing PAAG was squeezed from the
cavity. (C) The capsules and degenerated tissue were dissected
under direct visualization. (D) The excised capsules and
degenerated tissue.

All excised infiltrated capsule tissue was sent for histopathological
examination. Drainage was maintained until the total drainage was less
than 20 ml. Only one seroma was found in one breast on the 6th day
after the operation. The patients were advised to wear elastic garments

for about 4 weeks. The patients were scanned by MRI for the
postoperative check or before the repairing surgery.

On basis of the layers PAAG injected showed in the MRI, the
patients were divided into four groups according to whether the PAAG
infiltrated to the subcutaneous tissue and muscles or not (Table 1).

Patient Clinical Data Mean SD

Age 35.1 8.56

Duration of PAHG injection (yrs) 7.24 2.49

Symptoms N  

Nodules with pain 11  

Nodules 8  

worry 8  

Pain 5  

Hardness with nodules 4  

Displacement 3  

Hardness with pain 3  

Infection 2  

Asymmetric 1  

Upper limb discomfort with pain 1  

dissatisfaction 1  

mastoptosis 1  

Malposition with pain 1  

Residual after removal 1  

Table 1: Clinical characteristic of patients

Group S0G1M0: PAAG did neither infiltrate into the subcutaneous
tissues nor the muscles. Group S1G1M0: PAAG infiltrated into the
subcutaneous tissues but not into the muscles. Group S0G1M1: PAAG
infiltrated into the muscles but not into the subcutaneous tissues.
Group S0G1M1: PAAG not only infiltrated into the subcutaneous
tissue but also into the muscles. In each group, the volume of PAAG
injected for breast augmentation and the volume of the residual PAAG
after the removal were measured using the method reported in
previous article according to the MRI [17]. Preoperative volumes and
postoperative volumes of the PAAG were calculated to analyze the
effectiveness of the removal of the PAAG by using this method. The
test was performed variance analysis and non-parametric test using a
global significance level of p<0.05 using SPSS version 16 for windows
(SPSS Inc, Chicago IL,USA).

Results
Between 2005 and November 2012, the removal of PAAG by using

the direct visualization method was performed in 407 patients. Their
ages ranged from 24 to 69 years (mean age, 35.1 years). The period
from injection to removal of the PAAG ranged from 2 years to 12 years
(mean 7.24 years). Complications included nodules, pain,
displacement, infection, asymmetry, dissatisfaction, mammary ptosis
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and psychological problems. The characteristic data was presented in
Table 2.

Groups Subcutaneous(S) Gland(G) Muscle(M)

S0G1M0 - + +

S1G1M0 + + -

S0G1M1 - + +

S1G1M1 + + +

+:infiltrated-:not infiltrated.

Table 2: The breasts were divided into four groups according to the
layers PAAG infiltrated.

The mean volume of injected PAAG was 264.81 ml. The mean
volume of residual PAAG was 9.18 ml. The mean percentage of the

removed PAAG was 96.49%. There were separately 15 breasts, 17
breasts, 34 breasts and 33 breasts in each group. The volumes of
injected PAAG were 259.70 ml, 254.81 ml, 264.72 ml and 263.37 ml
separately. The volumes of residual PAAG were 1.15 ml, 4.24 ml, 9.68
ml and 14.85 ml. The percentage of removed PAAG was 99.56%,
98.34%, 96.34% and 94.36%.

The results were showed in Table 3. There was no significantly
difference in preoperative injected PAAG volumes among different
groups (p=0.992). There was significantly difference in postoperative
residual PAAG volume after removal among different groups
(p=0.000). There was significantly difference between group S0G1M0
and other groups (pS0G1M0, S1G1M0=0.008, pS0G1M0,
S0G1M1=0.000, pS0G1M0, S1G1M1=0.000). There was significantly
difference between group S1G1M0 and group S1G1M0 (p=0.007).
There was no significantly difference between group S1G1M0 and
group S0G1M1 (p=0.272). There was no significantly difference
between group S0G1M1 and group S1G1M1 (p=0.071).

 

Groups

Preoperative volume of PAAG (ml) Postoperative volume of PAAG (ml) Percentage of removed PAAG

Average SD Average SD Average

S0G1M0 259.7 96.52 1.14 2.59 99.56%

S1G1M0 254.81 97.23 4.24 3.56 98.34%

S0G1M1 264.72 111.19 9.68 13.61 96.34%

S1G1M1 263.37 133.59 14.85 21.3 94.36%

Average 264.81 4.43 9.18 6.05 96.49%

Table 3: Preoperative and postoperative volume of PAAG and the Percentage of PAAG removed.

Discussion
PAAG consists of 2.5% polyacrylamide, which is a non-degradable

synthetic polymer, suspended in 97.5% water [18]. It is believed to be a
nontoxic, non-allergenic, non-teratogenic, nonembryotoxic, non-
mutagenic, and non-biodegradable watery gel [3,19-21]. However, it
has been shown to alter the physician parameters of human fibroblasts
and increase the expression of c-myc RNA [21]. Although there was no
cause-effect relationship between breast cancer and PAAG
mammoplasty, it was clear that the diagnosis of breast cancer can be
delayed and the prognosis can be affected with PAAG: the hyper dense
gel and lumps may interfere with identification of the malignant
lesions [22]. On the other hand, acrylamide monomer can’t be totally
avoided during the manufacture of the PAAG, although the monomer
was typically present at a low level [9]. Acrylamide has inherent toxic
properties such as neurotoxicity, genotoxicity and carcinogenicity, and
is classified as a group 2A substance (probably carcinogenic to
humans) by the International Agency for Research on Cancer and a
category 2 mutagen by the European Union [23]. There are concerns
about possible degradation of polyacrylamide in the human body into
monoarylamide, which is a tumor initiator that increases the incidence
of mammary gland tumors in female rats [19,24]. There are many
complications reported after the use of polyacrylamide hydrogel.
Treatment of the complications needs to remove as much PAAG as
possible. The direct visualization method was suggested by several
surgeons [15,24-26].

Most of the PAAG injected for breast augmentation can be removed
by using the direct visualization method through periareolar approach.
In our cases, the mean percentage of the removal PAAG was 96.49%. It
demonstrates that this method is quite effective in the removal of
injected PAAG. The periareolar approach is beneficial for the removal
of PAAG [16]. In the first, the PAAG can be squeezed for the flowing
out freely through the periareolar approach. Secondly, the periareolar
approach is near to the border of the injected PAAG. The infiltrated
capsule and fascial can be dissected easily. Thirdly, the dissection is
much easier through the periareolar approach and can go directly from
layer to layer to remove widespread hydrogel. Some reports suggested
that PAAG in breasts could be removed by suction [11,12]. But blunt
aspiration left too much gel in breasts; reoperation may be needed in
most of the patients. The capsule and degenerated tissue only can be
removed using the direct visualization method [13].

Before the surgical techniques, MRI scanning was meaningful for us
to ascertain the distribution of the PAAG. The risk and difficulty of the
surgery were also reckoned. At the same time, we can predict the
postoperative breast shape on the basis of preoperative MRI images.
But there were few articles about the relationship between the layers of
PAAG injected and the difficulty of the removal. In this article, we
analysis the difficulty of the removal of PAAG infiltrated in the breast.
In accordance with our clinical experience, it can be most easily
removed for the PAAG injected into the anatomical space between the
gland and the pectoralis major. The infiltration of the subcutaneous
tissue or the muscle increased the difficulty of the surgical technique.
According to the results of the study, we can know the residual
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volumes of PAAG. Before the surgery, the patients must be informed
that the PAAG could not be completely removed.

It is worth noting that different extents of breast deformities can be
caused after the removal of PAAG injected in different layers. These
deformities would make adverse effects on breast shapes; therefore it is
meaningful to improve breast shape and life quality to correct the
secondary deformities after the removal of the PAAG injected. There
are different reconstruction methods in correspondence with different
extents of breast deformities and it will be reported in another article.

Conclusion
The PAAG injected for breast augmentation and degenerated tissue

could be removed using the direct visualization method. Successful
removal of the great amount of PAAG can be obtained by this method.
It is necessary to have a MRI scanning to know the distribution of
PAAG before the removal of it. By MRI, we also can estimate the
difficulty of the surgery. The PAAG without infiltrated to the
subcutaneous tissue and muscles was most easily removed. The
infiltration of the subcutaneous tissue and muscles increased the
difficulty of the removal the PAAG.
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