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Objective: Surgical site infection (SSI) is the one of the most frequent complications in hospitalized patients, and it extends hospital 
stays and causes extra morbidities. To reduce SSI after spine surgery, we applied the gentamicin-impregnated collagen sponge 
(Collatamp G) during the operation and analyzed the results retrospectively.
Methods: Between October 2012 and December 2015, we collected data who applied the Collatamp G in spine surgery at a 
single institution. Demographic data of patients and another possible risk factors of SSI were also included, and we assessed 
the correlation between the risk factors and the developing of SSI by reviewing electronic medical records retrospectively.
Results: Three percent of all patients (10 of 280) developed the SSI and only 0.8% of patients who applied Collatamp G developed 
SSI (1 of 119). Otherwise, 5% of patients who did not apply Collatamp G developed SSI (9 of 161) (p=0.034). We also analyzed 
the correlation between SSI and other potential risk factors but nothings showed statistical correlation with SSI.
Conclusion: In this study, there were statistically significant results that SSI rate was decreased in the group of patients using 
Collatamp G in spine surgery generally. However, further studies are required to resolve some limitations in the future.
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INTRODUCTION

Surgical site infection (SSI) is one of the most frequent com-
plications among the hospitalized patients. According to the 
previous studies, almost 3% of all postoperative patients suffer 
from wound infection after surgery. SSI extends hospital dates 
and recovery periods, and also causes extra morbidities4).

SSI after spine surgery can also have distressing moments, 
so once recognized, urgent and definite cure is required to 
return the patient to the regular recovery course. Prevention 
of SSI is obviously better than cure for this disastrous complica-
tion, but SSI continues to arise even in the application of ase- 
ptic procedures and prophylactic antibiotics2).

As there are many ways to reduce SSI, we applied a genta-
micin-impregnated collagen sponge (Collatamp G, Schering- 
Plough, Stockholm, Sweden) during the spine surgery. The 

Collatamp G is a topical appendage for intraoperative anti-
biotic prophylaxis and consists of a matrix of purified bovine 
collagen type I impregnated with 2.0 mg/cm2 gentamicin sul- 
fate. This antibiotic is released by diffusion and enzymatic 
breakdown of the collagen sponge, presenting a strong concen- 
tration for at least 72 hours10). In this report, we performed 
a retrospective study to evaluate whether the Collatamp G 
reduces the incidence of SSI in patients after spine surgery.

MATERIALS AND METHODS

Between October 2012 and December 2015, we collected 
data from the electronic medical records of patients who ap-
plied the gentamicin-impregnated collagen sponge in spine sur- 
gery at a single institution. We excluded any patients that recei- 
ved spine surgery more than once, and any patients who already 
had infectious spinal diseases. Patients receiving multiple surge- 
ries but on different sites were included in the study.

We collected the following information from the each pa-
tients: age at surgery, sex, diabetes mellitus status, smoking 
status, operation area (cervical, thoracic, or lumbar), operation 
level (1 level, 2 levels, or multiple levels), operation duration, 
surgical implantation, laboratory data and SSI. The primary 
endpoint was the development of any kind of wound infection 
within 1 month after spine surgery. We assessed the presence 
of SSI by reviewing electronic medical records of hospital dates 
and outpatient department follow-up.
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Table 1. The clinical manifestation and treatment of patients with surgical site infection

No.
Age 
(yr)

Sex
Diabetes 
mellitus

Smoking
Operation 

area
Operation 

level

Operation 
duration 

(min)

Surgical 
implantation

Signs and 
symptoms

Laboratory 
findings

Culture results
Wound 

exploration and/or 
implant removal

Antibiotics

 1 44 Male Yes No Cervical 1 Level 105 Yes Operation 
site pain

Abnormal* Negative No Vancomycin
(Empirical)

 2 45 Female Yes No Lumbar 2 Levels 315 Yes Dehiscence 
with pus

Abnormal E. faecium E+R‡ Ampicillin/
Sulbactam

 3 22 Female No No Thoracic 1 Level 246 Yes Dehiscence 
with pus

Abnormal MRSA E+R Vancomycin

 4 24 Female No Yes Cervical 1 Level 147 Yes Operation 
site pain

Abnormal Negative No Vancomycin
(Empirical)

 5 29 Female No No Cervical 2 Levels 228 Yes Operation 
site pain

Abnormal MRSA No Vancomycin

 6 18 Male No No Lumbar 1 Level 156 Yes Dehiscence 
with pus

Abnormal E. faecium E+R Ampicillin/
Sulbactam

 7 64 Male No Yes Lumbar Multiple 
levels

361 Yes Dehiscence 
with pus

Abnormal S. epidermidis E+R 1st cephalosporin /
vancomycin†

 8 67 Male No Yes Lumbar 1 Level 113 No Dehiscence 
with pus

Abnormal S. epidermidis Exploration§ 1st Cephalosporin

 9 69 Male No No Lumbar 1 Level  97 No Dehiscence 
with pus

Abnormal S. epidermidis Exploration 1st Cephalosporin

10 75 Male No No Lumbar 1 Level  88 No Operation 
site pain

Abnormal MRSA No Vancomycin

MRSA, methicillin-resistant Staphylococcus aureus; E. faecium, Enterococcus faecium; S. epidermidis, Staphylococcus epidermidis; 1st cephalosporin, 1st 
generation cephalosporin.
*Abnormal laboratory findings mean the elevation of erythrocyte sedimentation rate (ESR; >20 mm/hr) and C-reactive protein (CRP; >0.5 mg/dL). †Patient 
No. 7 was injected 1st generation cephalosporin intravenously according to the culture result for the first week, but ESR and CRP values were elevated 
continuously. We changed 1st generation cephalosporin to vancomycin and the injection was lasting for 6 weeks, symptoms of patient and laboratory findings 
were improved. ‡Wound exploration and implant removal were performed. §Only wound exploration was performed because patients had no implantation.

1. Diagnosis of SSI

Patients with SSI usually showed the signs and symptoms 
such as operation site pain, redness and/or swelling of the wound, 
or dehiscence with/without drainage of pus. If there were clear 
evidences of SSI, wound exploration and swab/aspiration cul-
ture were followed for diagnosis. However sometimes patients 
showed no specific signs or symptoms, even presenting fever 
was not common either, additional studies were required for 
accurate diagnosis.

Laboratory results and gadolinium-enhanced magnetic reso-
nance image (MRI) were also used in the diagnosis of SSI. We 
supposed the patients with elevated values of erythrocyte sedi- 
mentation rate (ESR; normal range, 0-10 mm/hr) and C-reac- 
tive protein (CRP; normal range, 0-0.5 mg/dL) would have in-
fection at any site12). The patients would show vague signs and 
symptoms or confusing laboratory results, gadolinium-enhanced 
MRI was used to differentiate the site of infection.

In this study, both symptomatic patients with visible wound 
problems and asymptomatic patients but showing abnormal 
laboratory results underwent gadolinium enhanced MRI and 
were analyzed for all the results to make diagnosis of SSI. 
If the visible wound problems needed surgical intervention, 
wound exploration and intraoperative swab culture was per- 
formed. If the wound was clean or additional surgical inter-
vention was not necessary, ultrasound or computed tomog-

raphy (CT) guided aspiration or tissue culture was performed 
for accurate diagnosis of SSI. If the result of intraoperative 
swab culture or aspiration culture was positive, the diagnosis 
of SSI was confirmed. Even though the result of the culture 
was negative, we could confirm the diagnosis when abnormal 
laboratory results and the enhancing area in gadolinium-enhan- 
ced MRI showed clear correlation with symptoms of patients.

2. Antibiotics Prophylaxis and Postoperative Care

Standard sterilization and preparation were routinely per-
formed before spine surgery especially including antibiotics 
prophylaxis. Patients were given intravenous injection of 1st 
generation cephalosporin 1 hour before skin incision. After 
surgery, all patients were given prophylactic intravenous in-
jection of the same 1st generation cephalosporin till postope- 
rative day (POD) 3.

3. Gentamicin-Impregnated Collagen Sponge

The Collatamp G was available in 5×5-cm or 10×10-cm- 
sized sheets. The exact size of the Collatamp G applied in 
the operation field was not recorded, but the Collatamp G 
was applied entirely or partially cut into small strips according 
to the size of the operation field in the level of the sheath 
or the subcutaneous layer during wound closure.
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Table 2. Patient characteristics and the statistical results
Factor SSI No SSI SUM p-value*

Collatamp G†    0.034
  Yes  1 118 119  
  No  9 152 161  
Age (yr)    0.752
  <65  7 201 208  
  ≥65  3  69  72  
Sex    0.868
  Male  6 169 175  
  Female  4 101 105  
Diabetes mellitus    0.882
  Yes  2  49  51  
  No  8 221 229  
Smoking    1.000
  Smoker  3  81  84  
  Nonsmoker  7 189 196  
Operation area    0.817
  Cervical  3 107 110  
  Thoracic  1  20  21  
  Lumbar  6 143 149  
Operation level    0.854
  1 Level  7 176 183  
  2 Levels  2  74  76  
  Multiple levels  1  20  21  
Operation duration (min)    0.981
  <180  6 161 167  
  ≥180  4 109 113  
Surgical implantation    0.921
  Yes  7 185 192  
  No  3  85  88  
Total (for each factors) 10 270 280  
SSI, surgical site infection; SUM, summation.
*The results of Pearson chi-square test for risk factors.
†Collatamp G (Schering-Plough, Stockholm, Sweden).

4. Statistical Analysis

Patient demographics and the results of risk factors are sum- 
marized using means and proportions with standard devia- 
tions. Student t-test was used to compare continuous variables 
between groups. Pearson chi-square and Fisher exact tests were 
used for categorical variables to regulate differences in propor- 
tions between groups. Furthermore, odds ratios were defined 
where appropriate. All statistical analyses were carried out 
with the IBM SPSS Statistics ver. 20.0 (IBM Co., Armonk, NY, 
USA) and p-values less than 0.05 were considered statistically 
significant.

RESULTS

Two hundred eighty patients (175 men and 105 women; 
mean age, 53.5 years; range, 13-85 years) underwent spine 
surgery between October 2012 and December 2015 in our 
hospital and 119 patients of them applied Collatamp G in their 
wound before closure. Three percent of all patients (10 of 280) 
developed the SSI and 0.8% of patients who applied Collatamp 
G developed SSI (1 of 119). Otherwise, 5% of patients who 
did not apply Collatamp G developed SSI (9 of 161) (p=0.034) 
in Pearson chi-square test and odds ratio was 0.143.

Six of 10 patients with SSI showed wound dehiscence with 
drainage of pus and abnormal laboratory findings; elevation 
of ESR and CRP were noted. Wound exploration and intra-
operative swab/aspiration culture were followed. The culture 
results of 6 patients all showed positive; Staphylococcus epi-
dermidis (3 patients), Enterococcus faecium (2 patients), and 
methicillin-resistant Staphylococcus aureus (MRSA, 1 patient) 
were detected. Proper antibiotics were used to cure the patients 
for 4 to 8 weeks, and we also performed additional implant 
removal for 4 patients of them who had pedicle screws im-
plantation at thoracic or lumbar level.

The other 4 patients had operation site pain without wound 
dehiscence but showed abnormal laboratory findings, gadoli-
nium-enhanced MRI was followed and there were highly en-
hancing lesions without abscess pocket. CT guided tissue 
culture was performed and the culture results of 2 patients 
showed positive; only MRSA was detected. Empirical anti-
biotic therapy was performed for the other 2 patients whose 
culture results were negative; Vancomycin was used for intra-
venous injection for 4 weeks for each patient. The clinical 
manifestation and treatment of 10 patients with SSI are sum-
marized in Table 1.

We also studied the correlation between SSI and other po-
tential risk factors. We involved the following factors; age, 
sex, diabetes mellitus status, smoking status, operation area, 
operation level, operation duration, and surgical implantation 
(e.g., pedicle screws insertion). None of all factors had correla-
tion with SSI, and the statistical results of risk factors including 
Collatamp G are summarized in Table 2.

There was no specific complications about application of 

Collatamp G during wound closure, but a few minor compli-
cations were reported after injection of prophylactic antibio- 
tics. Five patients showed mild rash and/or itching sense after 
injection, hydration and intravenous injection of antihistamine 
were followed and symptoms were diminished. All patients 
were given injection pre-/postoperatively without severe com-
plication in this study.

DISCUSSION

To make a correct diagnosis of SSI is difficult in the patients 
without typical signs and symptoms, nor fever. Therefore, the 
analysis of laboratory results and image findings of gadoli-
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Fig. 1. Gadolinium-enhanced T1 sagittal images of lumbar mag-
netic resonance image. A 69-year-old male patient (No. 9 in
Table 1) had surgical site infection after total laminectomy L5 
and subtotal laminectomy L4. Highly enhanced infected tissues 
were noted at subcutaneous area (A; white arrow) and abscess
pocket showed low signal surrounded by infected tissues (B;
white arrow).

Fig. 2. Gadolinium-enhanced T1 sagittal and axial images of 
lumbar magnetic resonance image. A 64-year-old male patient
(No. 7 in Table 1) had surgical site infection after pedicle screws
fixation at bilateral L2 to L4, enhancing area was noted below
the L4 level in sagittal image (A; white arrow), artifact signals
interrupted analyzing subcutaneous tissues and enhancing area
was only noted at right psoas muscle (B; white arrow).

nium-enhanced MRI is important in those cases. After regular 
surgery, the CRP usually peaked at POD 2 to 3 and normal-
ized between POD 5 to 14. The ESR usually peaked at POD 
5 to 6 but decreased at variable times after spine surgery11). 
However, since these factors are sensitive but not specific, 
they can be elevated by any infection at any site, so we per- 
formed additional studies including chest X-ray, urine analy-
sis, or peripheral blood culture to prevent misdiagnosis from 
other infections such as pneumonia, urinary tract infection, 
or phlebitis.

In the gadolinium-enhanced MRI studies, the infected tis-
sues were well-distinguished from normal tissues by highly 
enhancing portion, and sometimes there were abscess pockets 
presenting low signal surrounded by infected tissues (Fig. 1). 
However it had a limitation when we studied patients who 
underwent the surgical implantation. We could not analyze 
the suspicious lesion due to the artifact signal caused by im-
plantation (Fig. 2).

SSI has been revealed to add considerable cost in any coun-
tries for any kinds of surgery. In the former study by Liau 
et al.6), the mean assessed direct cost of prolonged hospital 
dates for each patient with SSI was expected an extra Singapore 
dollar 2,160 (United States dollar 1,530) per patient. More- 
over, SSI also conveys substantial emotional load by distress-
ing patient quality of life. Then, with noteworthy profits esti-
mated from the prevention of each SSI, we expected to study 
if gentamicin-impregnated collagen sponge could reduce SSI 
rates in spine surgery.

In former studies directed on the use of Collatamp G in 
reducing SSI in other type of surgery, Musella et al.8) studied 
its use in prosthetic repair of groin hernia and determined that 
it was effective in decreasing SSI with 0.3%(1 of 301) in the 
Collatamp G group compared with 2.0% (6 of 294) in the 

control group (p=0.04; Fisher exact test). On the other hand, 
Andersson et al.1) who studied the use of Collatamp G in pilo- 
nidal excision with midline suture concluded the use of Colla- 
tamp G could not improve wound healing and reduce SSI 
either. In their study, the SSI rate for the group with using 
Collatamp G was 22%(18 of 82) at 2-week follow-up, while 
the SSI rate for the control group was 26%(20 of 77) (p=0.51).

With these varied outcomes from former studies, we desi- 
gned this study to analyze relationships not only between SSI 
and the use of Collatamp G, but also between SSI and other 
risk factors which could be possible causes of developing SSI. 
First, operation-related risk factors such as operation area, 
level, and duration were included. Operation area was divided 
into 3 groups by spine anatomy; cervical, thoracic, and lumbar 
area. Operation level was also divided into 3 groups because 
the number of 3 or more levels operation were too small to 
classify. Mean operation duration of total patients were 188.3 
minutes, and mean duration of patients with SSI were 185.6 
minutes, so we divided into 2 groups; duration over the 180 
minutes or less. In analyzing those 3 operation-related factors 
stated above, they had no correlation with SSI in our data; 
p=0.817 for operation area, p=0.854 for operation level, and 
p=0.981 for operation duration. They could be subdivided 
by operation techniques but we had limitations because the 
techniques were too many to classify in brief.

We set the surgical implantation as second risk factor to 
analyze relationship with SSI because foreign bodies would 
be significant cause of SSI and it could be classified only simple 
2 divisions. However, both of these factors had no correlation 
with SSI in our data (p=0.921).

We also analyzed another well-known risk factors for SSI; 
Diabetes mellitus and smoking. Diabetes mellitus is an impor- 
tant risk factor for SSI after general surgery9). In our study, 
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4% of the diabetic patients developed SSI (2 of 51), and 3% 
of the nondiabetic patients developed SSI (8 of 229) (p=0.882). 
Former studies have supported smoking status as another im-
portant risk factor for SSI similar to diabetes mellitus3,5). In 
our study, 3% of the smoking patients developed SSI (3 of 
84), and also 3% of the patients developed SSI (7 of 196) 
(p=1.0) in Pearson chi-square test and p=0.651 in Fisher ex-
act test. Data of our study showed these 2 well-known risk 
factors had no correlation with SSI, in different with the pre-
vious studies. We supposed the reason was the number of 
patients with SSI in only 10, those small number of data would 
role as a limitation of our study. Therefore, the bigger data 
will be needed in the future studies. There were another limi-
tations in our study. First, Collatamp G has 5×5-cm or 10× 
10-cm-sized sheets but we applied not only entire sheet at 
each cases but also partial fragments in various sizes so that 
gentamicin concentration could be irregular and unquantified. 
To minimize the limitation, the use of whole sheet or quanti-
fied fragments (e.g., an half or a quarter of the sheet) would 
be needed for more accurate analysis in the future studies. 
Second, wound class is another important factor for develop-
ing SSI, postoperative spine surgery wounds belong to clean- 
contaminated class in general and SSI rates is 3% to 11% 
according to the Centers for Disease Control and Prevention 
surgical wound classification7). We excluded the patients who 
had already infected or received spine surgery more than once, 
another wound class such as clean, contaminated, and dirty 
wounds cannot be analyzed in using Collatamp G.

CONCLUSION

Our study showed statistically significant results that SSI 
rate was decreased in the group of patients using Collatamp 
G in spine surgery generally, but there coexist some limita- 
tions. Collecting the bigger data of patients, focused studies 
for subdivided spine surgeries, and quantification of applying 
Collatamp G are required to make more accurate and reliable 
conclusion in the future studies.
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