
Arvind Gopalrao Kulkarni et al.1000 Asian Spine J 2016;10(6):1000-1006

Does Minimally Invasive Spine Surgery  
Minimize Surgical Site Infections?
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Mumbai Spine Scoliosis & Disc Replacement Centre, Orthopaedics Department Bombay Hospital 
and Medical Research Centre, Mumbai, Mumbai, India 

Study Design: Retrospective review of prospectively collected data.
Purpose: To evaluate the incidence of surgical site infections (SSIs) in minimally invasive spine surgery (MISS) in a cohort of patients 
and compare with available historical data on SSI in open spinal surgery cohorts, and to evaluate additional direct costs incurred due 
to SSI.
Overview of Literature: SSI can lead to prolonged antibiotic therapy, extended hospitalization, repeated operations, and implant 
removal. Small incisions and minimal dissection intrinsic to MISS may minimize the risk of postoperative infections. However, there is 
a dearth of literature on infections after MISS and their additional direct financial implications.
Methods: All patients from January 2007 to January 2015 undergoing posterior spinal surgery with tubular retractor system and 
microscope in our institution were included. The procedures performed included tubular discectomies, tubular decompressions for 
spinal stenosis and minimal invasive transforaminal lumbar interbody fusion (TLIF). The incidence of postoperative SSI was calculated 
and compared to the range of cited SSI rates from published studies. Direct costs were calculated from medical billing for index cases 
and for patients with SSI. 
Results: A total of 1,043 patients underwent 763 noninstrumented surgeries (discectomies, decompressions) and 280 instrumented 
(TLIF) procedures. The mean age was 52.2 years with male:female ratio of 1.08:1. Three infections were encountered with fusion 
surgeries (mean detection time, 7 days). All three required wound wash and debridement with one patient requiring unilateral implant 
removal. Additional direct cost due to infection was $2,678 per 100 MISS-TLIF. SSI increased hospital expenditure per patient 1.5-fold 
after instrumented MISS.  
Conclusions: Overall infection rate after MISS was 0.29%, with SSI rate of 0% in non-instrumented MISS and 1.07% with instru-
mented MISS. MISS can markedly reduce the SSI rate and can be an effective tool to minimize hospital costs.
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Introduction

Surgical site infections (SSIs) are dreaded complications 
of spinal surgery with reported rates ranging from 0.09% 
to 16% [1-18].  Spinal SSIs can be catastrophic as they 

may be difficult to manage and may require prolonged 
hospitalisation, prolonged antibiotic therapy, repeated 
surgeries for wound debridement, or implant removal. 
SSIs in instrumented surgeries carry the added concern of 
adhesion of organisms to implants and biofilm formation, 
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which can complicate antibiotic treatment. SSI worsens 
the clinical outcomes, increases health care costs and can 
harm the reputation of the treating physicians and institu-
tions. Minimizing SSIs is highly desirable.

Minimally invasive spine surgical (MISS) techniques 
reduce the required surgical corridor to access spine and 
lessen tissue destruction, blood loss, hospital stay, and 
postoperative morbidity [19]. Only a few studies have as-
sessed the incidence of SSI following MISS [16-19]. We 
carried out this study to clarify the incidence of infections 
in MISS at our institution and to compare the results with 
established statistics in the literature. The findings also 
indicate that MISS may also simplify the management of 
acute infections.

Materials and Methods

We performed a retrospective analysis of prospectively 
collected data after getting permission from our Institu-
tional Review Board. We analysed all consecutive patients 
that underwent minimal invasive spine surgery from 
January 2007 to January 2015. MISS was defined as sur-
geries performed with tubular retractor systems aided by 
microscopy [16]. All patients were operated on at a single 
centre by the senior author. Patients with less than 12 
months of follow-up were excluded.

All procedures were performed using tubular retractors 
16, 18, and 22 mm in diameter (METRx System, Medtron-
ics, Memphis, TN, USA). As a rule, the preoperative anti-
biotic (third generation Cephalosporin) was given 1 hour 
prior to the surgical procedure [8]. All surgeries were 
performed with the patient in the prone position under 
general anaesthesia. We followed the standard technique 
of scrubbing, painting, and draping. The surgeries were 
performed under a laminar air-flow system. The micro-
scope and the image-intensifier were draped appropriately 
with sterile drapes. Tubular discectomies (MED) were 
performed using 16- and 18-mm diameter tubes, tubular 
decompressions (MED-S) with 18-mm tubes and TLIFs 
(MIS-TLIFs) through the 22-mm tubes.  Antibiotics were 
repeated intraoperatively for surgeries lasting more than 
4 hours. Postoperatively antibiotic was repeated only 
once after surgery in case of non-instrumented surgeries. 
For instrumented surgeries antibiotics (third generation 
Cephalosporin and Aminoglycoside) were continued for 
48 hours. Patients that underwent noninstrumented sur-
geries were mobilised 5–6 hours after surgery and those 

that had an instrumented surgery were mobilised the next 
day after surgery. Patients with dural tears and cerebrospi-
nal fluid leaks were mobilised on day 1 postsurgery.

For the identification of the patients with infections, 
we followed the U. S. Centers for Disease Control and 
Prevention classification [20]. Postoperative infection 
was defined on the basis of clinical features that included 
persistent soakage from the wound site, unexpected back 
pain, elevated inflammatory parameters, and results of 
bacteriological analysis. All patients with infections were 
considered fully recovered only after two consecutive neg-
ative inflammatory markers obtained over an intervening 
period of at least 15 days and accompanied by clinical and 
radiological improvement.

A MEDLINE search was conducted with keywords rele-
vant to spinal infections. Relevant articles were segregated 
and a range representative of such cohorts of open spine 
surgery data was determined. This was compared with the 
results obtained with our experience of MISS.

Direct costs borne by patients were collected from 
medical billing department for index cases as well as cases 
with SSI. Direct costs included surgical supplies (implants 
and disposables), room charges, professional fees, inpa-
tient services (physiotherapist, dietician, and occupational 
therapy), cost of medicines, diagnostic investigations. 
Additional costs for revision due to complications other 
than SSI were excluded. Indirect costs were not taken into 
consideration. 

Results

A total of 1,043 patients (Table 1) were included. The 
mean age of patients was 52.2 years (range, 19–91 years). 
The male:female ratio was 1.08:1. Overall MED for disc 
herniations were done in 400 cases, MED-S for stenosis 
in 363 (343 single level and 20 two level) and MIS-TLIF 
for 280 (253 single level and 27 two level). Mean opera-
tive time for MED was 60±25.4 minutes, MED-S (for each 
level) was 80±18.6 minutes, MIS-TLIF (for each level) 
was 210±43.2 minutes. Mean operative blood loss for 
MED was 60±25 mL, MED-S (for each level) was 70±21 
mL, and MIS-TLIF (for each level) was 110±38.2 mL. The 
elapsed time between the index surgery and detection of 
infection ranged from 4 to 10 days.

Three cases were diagnosed to have deep incisional in-
fection (Table 2).
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1. Case 1

An 89-year-old diabetic female patient underwent a L4–
L5 MIS-TLIF for degenerative spondylolisthesis with ste-
nosis. Surgery was uneventful but lasted 4.5 hours, which 
markedly exceeded the mean operative time for such an 
operation. She developed a deep infection that became 
apparent as a purulent discharge from the wound 4 days 
after index surgery. Culture of the pus grew Staphylococcus 
aureus. The infection was treated successfully with thor-
ough debridement and a 6-week course of intravenous 
antibiotics. Patient recovered with Oswestry disability 
index (ODI) score, visual analog scale (VAS)back and VASleg 
scores of 52%, 66.7%, and 75%, respectively, at 3 years of 
follow-up, which were indicative of improvement.

2. Case 2

A 75-year-old diabetic female patient underwent L5–S1 
MIS-TLIF for spondylolytic spondylolisthesis. During 
surgery, a guide wire used for the insertion of the right L5 
pedicle screw accidentally pierced the vertebral body into 
the abdomen. The wire was retrieved safely and success-
fully. Although the immediate postoperative period was 

Table 1. Summary of patients undergoing minimal invasive spine 
surgery

Demographic data
No. of 

patients 
(%)

No. of 
infections 

(%)

Sex               

   Male 542 (52) 0

   Female 501 (48) 3 (0.6)

Region of spinal surgery

   Cervical  2 0

   Thoracic  2 0

   Lumbar  1,039   3 (0.29)

Type of procedure

   Tubular discectomy (MED)    400 (38.3) 0

   Tubular decompression 
   (MED-S)

   363 (34.8) 0

   MIS-TLIF    280 (26.9)   3 (1.07)

Levels operated

   1 Level    996 (95.5) 3 (0.3)

   2 Level    47 (4.5) 0

MIS-TLIF, minimally invasive transforaminal lumbar interbody fusion.
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uneventful, she developed a serosanguinous discharge 
from the wound on postoperative day 10. Urgent debride-
ment, wound washing, and primary closure over a drain 
were performed. Intravenous antibiotics were initiated for 
6 weeks as per the culture sensitivity report (s/o Klebsiella 
pneumoniae—a known commensal in the gut and pelvis/
abdomen) and recovered without need for further sur-
gery. One year after index surgery, X-rays and computed 
tomography scan revealed a successful fusion with sig-
nificant ODI (54%), VASback (71.4%), and VASleg (66.7%) 
improvements. 

3. Case 3

A 55-year-old, obese African woman underwent a L4–L5 
MIS-TLIF for degenerative spondylolisthesis. Intraop-
eratively, in view of an excellent bone stock, insertion of 
pedicle screws was a challenge and we had to resort to use 
power-drill to create tracks for pedicle screws through the 
tough bone. This generated a lot of thermal damage to the 
surrounding soft tissues resulting in necrosis. This prob-
ably led to deep infection that became apparent as a pu-
rulent foul-smelling discharge from one of the right-sided 
key-holes on postoperative day 7. During reoperation  
the left sided implants were unaffected and were retained. 
Due to the colossal spread of infection on right, unilat-
eral implant removal was done. She recovered from the 
incident with a 6-week course of intravenous antibiotics 
(as per culture sensitivity—organism isolated was Staphy-
lococcus aureus). Dynamic X-rays taken 1.5 years after 
surgery showed successful fusion with no instability.

Average direct costs for index surgeries are summarized 
in Table 3. Additional direct costs due to infections for 
case 1, 2, and 3 were $2,000, $2,815, and $2,685, respec-
tively. Approximate increase in health care expenditure 
per patient after SSI was 1.5-fold. This produced an addi-
tional expenditure of $2,678 per 100 MIS-TLIF. 

Discussion

SSIs in spine surgery can lead to catastrophic complica-
tions and worsen clinical outcomes [1,2]. The reported 
rates of SSI in after open spine surgery vary from 0.7% 
to 16% [1-13]. Open spine surgeries are confronted with 
large incisions, extensive soft tissue dissection, and wider 
retraction. The resulting iatrogenic morbidity has been 
very well established [21]. Gradually, there has been a 
paradigm shift from the sub periosteal resection and ex-
cessive muscle retraction to soft tissue dilatation using the 
sequential dilators and tubular retractors. Since the incep-
tion of tubular retractors by Foley and Smith in the late 
1990s, various authors have tried to determine the infec-
tion rates after MISS [14-18]. The reported rates are 0.09% 
to 1% [16-18]. The probable reasons for reduced infection 
rates in MISS are the use of a small surgical corridor, re-
duction in the exposed surface area, and reduction in dead 
space [22]. Less muscle retraction means less ischemia, 
less necrosis, and better wound healing potential. More 
restricted surgical field leads to less exposure to potential 
pathogens and reduces disturbances of skin and skin flora 
as they are guarded by tubes [16]. The shorter hospital 
stay observed with MISS may also reduce the exposure to 
hospital-acquired pathogenic organisms. However, there 
are concerns regarding the challenges a surgeon faces 
during initial experience with these systems [17,23]. The 
longer operative duration and the steep learning curve 
may amend the infection rates observed at different cen-
tres. Hence a consensus statement can only be made after  
conclusive evidence of lowered SSI rates are established 
from centres and spine surgeons across the globe. 

Most of the studies reported have encountered infec-
tions within first 12 months of surgery except some 
isolated reports in scoliosis surgery [24,25]. Hence, it is 
necessary to have an adequate follow-up postsurgery to 
validate the observed infection rates. We had included 
only those patients who had been followed up for more 
than 12 months. All infections that we encountered were 
in the early postoperative period (mean, 7 days). Most 

Table 3. Cost analysis

Type of procedure Average direct costs 
(range)

MED $3,184 ($1,310–$5,600)

MED-S

   One-level $3,294 ($1,317–$5,856)

   Two-levels $4,182 ($2,252–$6,568)

MIS-TLIF

   One level $5,270 ($4,294–$6,320)

   Two-levels $6,684 ($5,784–$7,780)

   Additional expenses due to SSI $2,500 ($2,000–$2,815)

All costs mentioned here are in U.S. dollars ($).
MIS-TLIF, minimally invasive transforaminal lumbar interbody fusion; 
SSI, surgical site infections. 
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common organism encountered was S. aureus (two cases, 
66.7%) which corresponds to the other studies [9,13,16]. 
The second case had an accidental penetration of guide 
wire beyond anterior vertebral wall into the abdomen, 
which was retrieved successfully but caused a K. pneu-
moniae infection postoperatively.

Infection rate with noninstrumented tubular surgeries 
was 0% and the infection rate with the instrumented sur-
gery was only 1.07%. Compared with the published open 
spine surgery cohorts, we obtained a 2- to 16-fold reduc-
tion in the infection rate. O’Toole et al. [16] evaluated SSI 
after MISS and reported an overall incidence of 0.22%. 
Analysis of their data revealed an incidence of 0.10% in 
the non-instrumented and 0.74% with instrumented sur-
geries. Shousha et al. [18] in a large study of 4,350 cases of 
MISS noninstrumented surgeries observed an infection 
rate of 0.09% with noninstrumented surgeries. Similarly, a 
literature review by Parker et al. [15] that compared post-
operative infection after minimally invasive and open 
TLIFs revealed a reduced incidence of SSI after MISS. 
However, McGirt et al. [14] observed that MISS was asso-
ciated with lower rate of SSI in cases of two-level fusions 
with no statistically significant difference between open 
and MIS one-level fusion procedures. Nonetheless, our 
observations strengthen the conclusion that MISS reduces 
the SSI rate and also postoperative morbidity encountered 
by a patient victimized by infection. As compared to other 
published literature on MISS using similar minimal inva-
sive techniques, lower infection rate in non-instrumented 
surgery as observed in our study may be due to sterile 
precautions in handling microscope and image intensifier. 
In MISS, image intensifier plays a major role in successful 
execution of MISS. In our practice, we drape only the top 
portion of the image intensifier and maintain its sterility 
throughout the surgical procedure. It is the lower portion 
of image intensifier that undergoes constant change in po-
sition that can be a potential source of contamination. We 
freshly drape the lower portion of C-arm each time the 
image intensifier is positioned for a lateral exposure. Bible 
et al. [26] studied the sterility of operative microscopes 
and observed that microscopes are a significant source 
of contamination. Draping of the microscope using ster-
ile drapes and use of aseptic precautions while handling 
the eye piece help reduce contamination. We change our 
gloves every time after manipulating the optical eye piece 
and avoid contact with the portion of drape above optical 
eye-piece. The laminar air flow system also helps in reduc-

tion of infection rates to certain extent [27].
Infections after open spine surgery increase the health 

care utilisation cost by four-fold [28]. However, as ob-
served in our study, additional direct costs of SSI per 100 
index MIS-TLIF was just $2,678. Another study reported 
a reduction of total health care cost of $98,974 per 100 
MIS-TLIF due to reduction in infection rates [15]. Al-
Khouja et al. [29] similarly reported a 2.54% to 33% 
reduction in cost between MISS and open spine surgery. 
Hence, in the present era of cost effectiveness and cost 
analysis, MISS holds a promising place in reducing the 
overall health care cost. In developing countries, the eco-
nomic burden on the patients is enormous, since a large 
segment of the society is un-insured and patients bear the 
hospital expenses from their savings. Hence, it is crucial 
and obligatory to minimize morbidity as a result of post-
operative wound infections and the associated health-care 
costs.

Patients requiring additional plastic coverage proce-
dures, repeated surgeries, implant removal followed by 
subsequent salvage procedures have additional physi-
cal, social and financial repercussions. Patients with SSI 
undergoing MISS as index surgery will probably require 
less amount of such aggressive surgeries. The dead space 
created due to index surgery and the soft tissues exposed 
to infection are much less and adequate coverage can be 
obtained even with thorough debridement alleviating the 
need for secondary coverage procedures. Implant removal 
can be averted in cases of acute infections except late onset 
infections and Propionibacterium acnes [1,6,10,12,25,30]. 
A robust clinical surveillance and prompt recognition 
of clinical infection plays a major role in successful out-
comes after SSIs. Due to presence of intact midline soft 
tissue curtain unilateral implants can be retained and 
better clinical outcomes can be obtained without need for 
salvage surgeries as observed in this study. However, long-
term results of such interventions need to be studied in 
large nested case-control random trials.

This study had a few limitations. We did not have a 
control group of open spine surgery, as all such cases at 
our institution were performed using minimally invasive 
surgical techniques only. The surgeries that we performed 
routinely with open surgical techniques like deformity 
corrections, long segment fusions, and cervical laminec-
tomies cannot serve as an appropriate control group. Also 
the number of infected cases in this series was so small, 
that a valid conclusion regarding the risk factors cannot 
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be extracted. Moreover, the few cases presented here do 
not represent every situation that could arise in patients 
with SSIs. Large case-control trials are required for further 
evaluation.

Conclusions

Infection rate after tubular microscopic assisted spinal 
surgery was very low (0.29%).  Infection rate after non-
instrumented MISS was 0% and instrumented MISS fu-
sion was (1.07%). Minimally invasive technique markedly 
reduces (2- to 16-fold) the risk of postoperative infection 
when compared with other large open spine surgery series 
published in the literature. MISS can be an effective tool 
to minimize hospital costs.
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