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Purpose: The purpose of this study is to evaluate and compare mitomycin C (MMC) absorption 

and delivery in different materials used in filtering surgery.

Methods: This is an in vitro study comparing polyvinyl alcohol triangular sponges (TS6, TS8), 

polyvinyl alcohol fluid wicks (EFW), and absorbable gelatin sponges (AGS3, AGS5), from which 

five different types of transport units were obtained. Seven pieces of sponge of each transport 

unit type were obtained as follows: two transverse strips were obtained at 6 and 8 mm from the 

apex of TS and divided into three equal pieces; 4×4 mm pieces of EFW; 3×3 and 5×5 mm pieces 

of absorbable gelatin sponges were cut. Filter paper was placed on a precision scale (0.01 mg). 

The seven sponge pieces of each type were weighed three times consecutively in dry and wet 

states, the latter after immersion for 15 seconds in 0.2 mg/mL MMC. The difference between 

the weights of the dry and wet filter paper at the end of each measurement sequence was also 

calculated and considered as an estimate of the amount of mitomycin delivered.

Results: The amounts of MMC absorbed by each transport unit were as follows: (mean ± 

standard deviation) 27.43±5.13 for TS6, 31.91±6.63 for TS8, 15.96±2.23 for EFW, 17.96±2.05 

for AGS3, and 33.81±2.05 for AGS5. The amounts of MMC delivered to the filter paper were 

as follows: 21.70±2.84 for TS6, 23.83±4.03 for TS8, 12.93±1.75 for EFW, 14.69±1.79 for 

AGS3, and 27.30±1.58 for AGS5.

Conclusion: Percentage MMC delivered was similar for all materials, but there was a tendency 

for greater delivery using larger sponges and greater homogeneity in delivery with AGS5. No 

statistical differences were found in percentage delivered by the different transport materials.
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Introduction
The use of antimitotic substances such as mitomycin C (MMC) is common in glaucoma 

surgery for the prevention of scarring at the subconjunctival space. MMC has been 

demonstrated to improve surgical outcomes,1,2 and its efficacy depends primarily on 

the concentration and volume used for intraoperative application.3,4 However, this 

improvement in surgical success with adjunctive use of intraoperative MMC increases 

the risk of postoperative complications such as wound or bleb leaks, hypotony, cata-

racts, and hypotony maculopathy.5–8 For this reason, it is of crucial importance to 

standardize the amount of mitomycin applied in order to make it more homogenous 

between surgeries and so reduce said complications.

In a standard trabeculectomy technique, pieces of microsurgical sponges of 

different brands and sizes previously soaked in an MMC solution are placed on the 

sclera at concentrations from 0.2 to 0.5 mg/mL. They remain under the conjunctiva for 

1–5 minutes, after which they are removed, followed by copious irrigation with balanced 

salt solution. Many different commercially available materials have been used for this 
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purpose, including polyvinyl alcohol (PVA), methylcellulose, 

and absorbable gelatin sponges (AGSs).9,10

Once filtration surgery is performed, the key determining 

factors of intraocular pressure control are the formation of 

a filtering bleb or intrascleral lake in relation to the scarring 

process. In this regard, new imaging devices, such as anterior 

segment optical coherence tomography, have helped to iden-

tify signs of functioning and nonfunctioning filtering blebs 

by noninvasive methods.11–13 Furthermore, such technology 

could possibly be used to study drug delivery issues in vivo 

(eg, intraoperatively).

Previously published data on drug delivery kinetics have 

suggested that the amounts of antifibrotic agent absorbed and 

released could vary considerably among materials.14 How-

ever, most of the absorption and delivery processes have been 

carried out in vitro between brands of polyvinyl and methyl-

cellulose sponges.15 To our knowledge, there are no previous 

studies comparing AGSs with other types of materials.

Gelatin is a material derived from the hydrolysis of col-

lagen from a variety of animals (most commonly porcine, 

fish, and bovine), which is utilized in ophthalmology due to 

several advantages, including its biocompatible nature as 

well as its low-cost commercial availability.16,17 In addition, 

gelatin has been reported to decrease the antigenic response 

in vivo compared to collagen, since it contains smaller quanti-

ties of tyrosine, tryptophan, and phenylalanine.18

On the other hand, PVA is also a biocompatible synthetic 

polymer obtained from partial or full hydrolysis of polyvinyl 

acetate. It has low protein absorption, which results in lower 

cell adhesion, compared with other hydrogels. Furthermore, 

it is used in implantable devices, indicating that it is safe for 

human use in applications where absorption of host proteins 

would be undesired.19

Many studies have concluded that gelatin-containing 

materials decrease levels of blood loss during surgery20 and 

perform better during different artery embolization proce-

dures, compared to PVA materials.21,22 These results might be 

explained by a lower immune response of the host to gelatin 

materials, in which case, the use of gelatin materials could 

further benefit the formation of a functioning filtering bleb.

The purpose of this study was to evaluate and compare 

the amount of MMC absorbed and delivered by PVA sponges 

and AGSs used in glaucoma surgery.

Materials and methods
Design
This is an in vitro study performed at the Institut Català de 

Retina and Hospital Ntra. Sra. De la Esperanza – Parc de 

Salut Mar, Barcelona, Spain.

Materials
Three types of transport materials were used. Five different 

types of transport units were obtained from them:

−	 PVA triangular sponges (with two fragmentation tech

niques).

−	 PVA fluid wicks (EFW: 4×4 mm).

−	 AGSs (AGS3: 3×3 mm and AGS5: 5×5 mm).

Preparation of materials
Different fragmentation methods were used for each type of 

material, based on what was used by different glaucoma spe-

cialists in our environment. For the PVA triangular sponges, 

a surgical compass was used to measure 6 and 7 mm (TS6) 

from the tip of the sponge. Then, one strip of material was 

obtained with two perpendicular cuts with sharp scissors. 

Finally, the strip was cut into three similarly sized pieces. 

The procedure was repeated at 8 and 9 mm from the apex to 

obtain transport unit type TS8 (Figures 1 and 2). For EFW, 

a compass was used to measure and mark 4×4 mm and then 

Figure 1 Polyvinyl alcohol sponge and compass used to measure 6 and 8 mm from 
the tip, to create TS6 and TS8, respectively.

Figure 2 Fragmentation method for polyvinyl alcohol sponges.
Notes: Measurements at 6 and 7 mm (TS6) from the tip of the spear were made to 
obtain a strip, which was subsequently fragmented into three pieces of similar size. 
The procedure was repeated at 8 and 9 mm from the apex (TS8).
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on the previously zeroed scale. This step was repeated three 

times for each piece of material, by lifting off and replacing 

it back on the filter paper. The amount of MMC absorbed 

was defined as the weight added on each piece of material 

after being soaked in the MMC solution. The amount of 

MMC delivered was estimated by calculating the difference 

between the weights of the mean dry and wet filter paper.

Statistical methods
To calculate the sample size, we used data from Alcon Labo-

ratories, Inc., Fort Worth, TX, USA sponges reported in a 

previous article published by Flynn et al.15 A level of confi-

dence of 95% and a level of precision of 6% were defined.

Analysis of variance and Schéffé post hoc test analyses 

were performed using SPSS version 22.0 (IBM Corporation, 

Armonk, NY, USA), comparing differences in the percentage 

of MMC delivered by the different transport unit types. The 

coefficient of variation was used to evaluate the variability 

of MMC absorbed and delivered by each sponge type.

Results
Mean dry sponge weight per transport unit type (mg) was 

as follows: 2.62±0.55 for TS 6  mm, 3.04±0.78 for TS 

8 mm, 1.68±0.14 for EFW, 0.90±0.31 for AGS 3×3 mm, 

and 1.47±0.12 for AGS 5×5  mm. The amounts of MMC 

absorbed and delivered are shown in Table 1 and Figure 5. 

No statistically significant differences were found between 

the sponges in the percentage of MMC delivered (P=0.234). 

However, significant differences were found in the amount 

of MMC delivered, as larger sponges (TS6, TS8, and AGS5) 

delivered more MMC than smaller sponges (EFW, AGS3) 

(P,0.001).

Discussion
To date, there is no gold standard method for the application 

of MMC on the sclera during filtering surgery. Different 

techniques have been described and investigated, with 

important variations in duration of exposure, concentration, 

and delivery system used. All these factors seem to influence 

bleb appearance and mean intraocular pressure achieved 

after surgery.15

This study compared three different brands of two trans-

port materials (PVA and absorbable gelatin) frequently used 

by glaucoma specialists, in order to estimate the amount of 

MMC delivered to the filtering site. Methylcellulose sponges 

were not included in this study. They are not used in our 

center, since in our experience, they tend to fragment when 

left on the surgical site. Furthermore, some cases of foreign 
Figure 4 Absorbable gelatin sponges.
Note: A compass was used to create 3×3 (AGS3) and 5×5 mm (AGS5) sponge pieces.

Figure 3 Fragmentation method for polyvinyl alcohol fluid wick.
Note: Pieces of 4×4 mm were obtained by end marks made with a compass.

surgical scissors was used to cut (Figure 3). AGSs were cut 

into 3×3 mm (AGS3) and 5×5 mm (AGS5) pieces (Figure 4). 

To calculate homogeneity within applications, seven equal 

pieces of each transport unit type were obtained and placed 

in a transparent Petri dish and numbered from 1 to 7. A preci-

sion scale (Sartorius TE214S; readability: 0.1 mg, sensitivity 

drift: ±2×10-6 [+10°C to +30°C], and reproducibility [stan-

dard deviation]: ±0.1 mg) was used for weighing.

Weighing procedure
The scale was calibrated, and then the filter paper was 

weighed. Next, the scale was zeroed. Following this step, 

each piece of each transport unit was placed on the filter 

paper, and its dry weight was measured. This process was 

repeated three times to calculate the mean weight for each 

piece. A new dry filter paper was used for each piece (seven 

for each transport unit type).

Each piece of material was placed in a Petri dish contain-

ing MMC (0.2 mg/mL) for 15 seconds. Then, one piece at a 

time was removed and placed back onto the same filter paper 
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body reactions have been reported due to fragmentation of 

cellulose sponges.5,23

Our results indicate that the percentage of MMC deliv-

ered was similar for all transport unit types, in spite of their 

different sizes and materials (75%–80%). These results 

contrast with those found by Yamamoto and Kitazawa,24 

who measured the amount of drug remaining in sponges 

used after trabeculectomy with high-performance liquid 

chromatography. In their study, only an average of 16.8% 

of the total dose seeped out from their sponges.24 This sig-

nificant difference in percentage of MMC delivered could 

be due to two main reasons: First, the sponge material used 

by Yamamoto and Kitazawa was not specified, and it could 

be an important factor in the difference in doses of MMC 

delivered.15 Second, the method used to take measurements 

was also different across the two studies. While Yamamoto 

and Kitazawa used high-performance liquid chromatogra-

phy, a precise method to separate and quantify chemical 

components in a mixture, we estimated the amount of MMC 

delivered by subtracting the weight of the dry filter paper 

from that of the wet filter paper. In addition, better poten-

tial absorption of dry filter paper compared to scleral and 

conjunctival tissue could also be a major factor involved in 

these differences.

Our findings also showed that the weight of MMC 

solution delivered to the filter paper was greater for larger 

sponges, supporting the results of previous studies.15,25,26 

Larger sponges absorb more MMC that can be delivered to 

the surgical site. This issue should be taken into account when 

making clinical decisions on exposure and concentration of 

MMC, to maximize its therapeutic effect while minimizing 

the dose.24

Another important finding of this study was that some 

material unit types behaved more homogenously or repro-

ducibly than others. The 5 mm AGSs (AGS5) seemed to 

release the most reproducible amount of MMC solution 

each time, followed by 3 mm absorbable gelatin (AGS3) 

and the remaining transport materials. Therefore, our results 

suggest that using this type of material could help to reduce 

considerably variations in drug delivery to the surgical site. 

This could be clinically relevant in the immediate and/or the 

late postoperative phase.

This study had some limitations. First, our model did 

not evaluate time in the kinetics of drug delivery for PVA 

sponges and AGSs, which is another key element that 

might play a role in final surgical outcomes. Brooks et al 

reported that methylcellulose sponges delivered MMC in a 

nonlinear fashion, so that rapid delivery occurs within the 

first 15–30 seconds, followed by a slow delivery phase that 

extends up to a 5-minute period.25 Also, Larrosa et al,26 who 

used AGSs, concluded that 25% of the drug is delivered to the 

surrounding tissues in the first minute. Second, our method 

for estimating the amount of MMC solution delivered is 

rather rudimentary, and can only estimate what might occur 

on human tissue during surgery. Despite these limitations, 

we believe that our study adds some significant knowledge 

Figure 5 Amount of MMC absorbed and delivered to the filter paper (mg).
Note: TS6: polyvinyl triangle sponges cut at 6  mm from the tip; TS8: polyvinyl 
triangle sponges cut at 8 mm from the tip; EFW: polyvinyl fluid wicks 4×4 mm; AGS: 
absorbable gelatin sponges 3×3 mm; AGS5: absorbable gelatin sponges 5×5 mm.
Abbreviation: MMC, mitomycin C.

Table 1 Amounts of MMC absorbed and delivered to the filter paper

Sponge 
type

MMC absorbed 
(mg)

MMC delivered 
to filter (mg)

Coefficient of variation 
of MMC delivered

Percentage of MMC 
delivered to the filter

TS6 27.43±5.13 21.70±2.84 0.13 80
TS8 31.91±6.63 23.83±4.03 0.16 75
EFW 15.96±2.23 12.93±1.75 0.13 81
AGS3 17.96±2.05 14.69±1.79 0.11 82
AGS5 33.81±2.05 27.30±1.58 0.05 81

Notes: TS6: polyvinyl triangle sponges cut at 6 mm from the tip; TS8: polyvinyl triangle sponges cut at 8 mm from the tip; EFW: polyvinyl fluid wicks 4×4 mm; AGS3: 
absorbable gelatin sponges 3×3 mm; AGS5: absorbable gelatin sponges 5×5 mm. Data are presented as mean ± standard deviation.
Abbreviation: MMC, mitomycin C.
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to the limited evidence on MMC management in glaucoma 

surgery.

In summary, according to our results, the size and mate-

rial used for drug transportation and delivery have a major 

impact on the amount of MMC applied in vitro. The larger 

the sponge size, the greater the amount of MMC solution 

delivered to the surgical site. Moreover, AGSs seem to 

deliver a more reproducible weight of drug solution. The use 

of a more standardized method and material (type and size) 

in trabeculectomy-related research could help to increase 

homogeneity of surgical results and safety. Further studies 

on transport materials are required to increase the evidence 

on this issue as well as to increase safety and efficacy of 

glaucoma filtering surgery. Noninvasive technologies such 

as anterior segment optical coherence tomography might be 

helpful to evaluate these aspects in vivo.
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