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Objective: The purpose of this study was to compare the clinical-radiological outcome and 
incidence of perioperative complications of MIS-TLIF at lower lumbar levels for elderly (Age 
>65 years) and younger patients (Age<65 years). Methods: A retrospective cohort study per-
formed from 2011 to 2017. A total 138 patients who underwent MIS-TLIF were divided into 
two groups based on age (group A>65 years and group B<65 years). Perioperative clinical 
(co-morbidities, surgical time, blood loss, hospital stay, fusion level, VAS, ODI), radiological 
parameters (fusion, cage subsidence, implant failure), postoperative complications and satis- 
factory outcomes in the form of Wang’s criteria were evaluated in both the groups. A statis- 
tical analysis between two matched groups was done with logistic regression analysis, chi- 
square and student t-test. Results: There was no statistical difference in blood loss, surgical 
time, mobilization and hospital stay between two groups however elderly patients took longer 
time to become pain free (p=0.001). Both groups showed significant improvement in ODI, 
VAS and Wang’s outcome score however, no statistically significant difference noted in out-
come between two groups at final follow up. General complications not affecting outcome 
were common in elderly group but no statistically significant difference noted among neuro-
logical events between both groups. Conclusion: MISS-TLIF surgery in elderly can produce 
successful clinical outcome and satisfaction after surgery in judiciously selected patients with 
proper preoperative risk assessment and optimization of medical co-morbidities. Elder age 
does not prove deterrent to outcome and should not be a contraindication to perform MISS- 
TLIF in lumbar degenerative diseases.
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INTRODUCTION

Lumbar degenerative disorders with instability often require 
spinal stabilization in the form of instrumentation and fusion 
in elderly patients5,6). Minimally invasive transformainal lumbar 
interbody fusion (MISS-TLIF) is well established approach that 
allow access to interbody space at any level of the lumbar 
spine with minimal retraction of the neural structures4,15). The 
rationale for such a swing in momentum from open surgery 
to MISS includes reduced soft tissue damage, reduced blood 
loss, faster recovery and reduced peri-operative morbidities8,18). 
With increasing life expectancy, advances in technology and 
instrumentation in the recent years, the number of MISS-TLIF 
surgeries for various lumbar pathologies among elderly is on 
a rise4-6,15). Increasing age has been thought and propagated 

to produce higher complication rates with increased morbidity 
and mortality resulting in suboptimal results, which has been 
substantiated by few authors in literature1,10,11). Majority of liter-
ature evaluating efficacy and safety of MISS-TLIF is from studies 
conducted on younger population (Age<60 years) and hence 
the results of which cannot be extrapolated for elderly population 
in general19). The effect of age on final outcome and the overall 
patient satisfaction after MISS-TLIF has been understudied. 
There are reports of promising results with lumbar fusion sur-
geries for degenerative disorders in elderly10,11,19). As most of 
the literature regarding lumbar arthrodesis in elder patients 
has focused on the prevalence of complications with no compar-
ison to the younger population, the results have not been vali-
dated in view of age of the patient.

The primary outcome of this study was to compare the cli- 
nical-radiological outcomes including fusion rate, pain free sta-

http://crossmark.crossref.org/dialog/?doi=10.21182/jmisst.2019.00073&domain=pdf&date_stamp=2020-04-30


Jwalant Patel, et al.

14  www.jmisst.org

Fig. 1. Ⓐ showing dynamic lumbar spine X-ray with instability and listhesis at L4-L5 level in 75 years old male patient, Ⓑ MRI
showing L4-L5 degenerative spondylolisthesis pseudodisc bulge and canal stenosis in sagital T2, Ⓒ showing bilateral facet effusion
(left>right) in axial T2 with lumbar canal and lateral recess stenosis, Ⓓ postoperative standing lumbar spine X-ray showing
implant with screws and interbody cage in situ at L4-L5 level (MIS-TLIF).

tus post surgery and incidence of peri-operative complications 
of MISS-TLIF at lower lumbar levels for elderly (Age>65 years) 
and younger patients (Age<65 years).The secondary outcome 
was to evaluate the effect of age on clinical outcome and 
incidence of complications in two groups.

MATERIALS AND METHOD

It was a retrospective study of prospectively collected data 
performed at single institute from 2011-2017. The institutional 
ethical and review committee approved the study. 176 con- 
secutive patients undergoing MISS-TLIF for degenerative path-
ology at L4-L5/L5-S1 levels (degenerative lumbar canal stenosis, 
prolapsed intervertebral disc, spondylolisthesis) with minimum 
follow up of 24 months were reviewed. A comprehensive clinical 
and radiological evaluation was conducted on more than one 
occasion to ascertain the indication of surgery in all patients 
and only those patients whose symptoms not resolving to dedi-
cated conservative trial with affection of activities of daily life 
were considered for surgical intervention. A single surgeon at 
single institute following the same preoperative evaluation and 
postoperative mobilization protocols for all the patients operated 
all patients. Patients with surgery other than L4-L5/L5-S1 level, 
tandem stenosis, revision surgery, non-degenerative pathology 
like trauma, tumor, infection, lysis and multilevel surgery were 
excluded from this study. Patients who did not complete minimum 
24 months follow up were excluded from the study.

Surgical technique: Patients who underwent MISS-TLIF had 
screws placed through paramedian incisions approximately 2 
cm long and 3-5 cm lateral to the midline. The pedicle was 
cannulated with a jamshidi needle under anteroposterior and 
lateral fluoroscopic guidance. The needles were exchanged for 

guidewires. The serial dilators were used to dilate over the guide-
wires and the pedicles were tapped using a cannulated tap. 
Screws were placed with corresponding screw extenders and 
the rod was introduced with a device through a separate proximal 
stab incision. After placement of locking-cap screws through 
the screw extenders and application of compression, the screws 
were torqued and the screw extenders were removed21). Tubular 
decompression (20/22 mm tubes- METRx system, Medtronics, 
Memphis, TN, USA) with partial unilateral laminectomy and in-
ferior facetectomy done under microscope. Next steps were 
discectomy, end plates preparation and titanium cage insertion 
with locally achieved bone graft followed by closure in layers 
(Fig. 1).

A total 138 patients satisfying above mentioned inclusion 
criteria were isolated for analysis. To study the effect of age, 
patients were divided into two groups. Group A included 72 
elderly patients (Age>65 years) and Group B (control group) in-
cluded 66 younger patients (Age<65 years but >25 years of 
age). Preoperative data like demographic (age, sex, body mass 
index), clinical (VAS, ODI, neurology), medical co-morbidities 
(diabetes, hypertension, hypercholesterol, IHD, parkinsonism, 
thyroid disorders, pulmonary dysfunctions, kidney diseases) and 
radiological data were evaluated and recorded (Table 1). Intra- 
operative parameters like operative time, blood loss, intra-
operative adverse events (dural tears) and hospital stay were 
recorded and reviewed by an independent observer (Table 1). 
Postoperative complications were taken into account for all 
the patients and were divided into four broad categories (Table 
3). Most of the patients were mobilized out of bed on first 
postoperative day and made to walk with walker. Change of 
dressing was done at 48 hours after surgery and patients were 
usually discharged within three-four days. All the patients were 
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Fig. 2. Ⓐ and Ⓑ postoperative lumbar spine X-rays showing progressive migration of cage with screw loosening, implant
failure and pseudoarthrosis in 71 years old female, Ⓒ postoperative lumbar spine CT scan showing rigid bone union at L4-L5
level in 68 years old male.

Table 1. Patient demographic and clinical data

Parameters Elderly group (N=72) Younger group (N=66) p-value

Age (years) 68.8±4.5  38.6±12.7 -

Sex Male 28 28 -

Female 44 38 -

Male:Female ratio 0.6:1 0.7:1 -

BMI 29.3±2.5 29.7±2.8 0.35

Co-morbidities Single 26 20 -

Two or more 19 12 -

Duration of symptoms (months)  9.4±8.6  9.3±8.1 0.625

Fusion level L4-L5 43 35 -

L5-S1 29 26 -

Operative time (minutes) 185±35 173±39 0.058

Intra-operative blood loss (mL) 110±15  90±11 0.001

Hospital stay (days)   3.5±1.57   3.3±1.76 0.346

Follow up (months) 35.1±8.8 36.3±8.7 0.422

BMI: body mass index.

followed up with evaluation of VAS, ODI and neurological param-
eters at periodic intervals of 1 month, 3 months, 6 months, 
12 months and 24 months. Fusion, screw loosening, implant 
failure, pseudoarthrosis and cage slippage were assessed in 
suspected and symptomatic patients with dynamic X-rays and 
CT scan in both groups at the same follow up protocol periods 
(Fig. 2) (Table 5). The Wang’s criteria  were used to evaluate 
outcome of surgery at final follow up in which grading of results 
is based on symptom relief, final return to work and satisfaction 

index (Table 2). All patients were considered to answer a ques-
tionnaire and grading of outcome done. Statistical analysis with 
comparison of two groups was established with simple regre- 
ssion analysis and student t-test. The effect of age on clinical 
outcome and co-relation between presence of medical co-mor-
bidities to complications and clinical outcome was evaluated 
with chi-square test. P-value <0.05 was considered as a signi- 
ficant.
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Table 3. Clinical outcome at final follow up

Outcome Elderly Group (N=72) Younger Group (N=66) p-value

Pre-op VAS   8.1±1.52   7.9±1.13 0.385

Post-op VAS  3.13±0.31  3.01±1.18 0.406

Pre-op ODI 77.45±6.56 73.13±6.32 0.001

Post-op ODI 19.15±5.46 18.89±6.12 0.792

Pain free status post surgery (weeks)  3.5±1.3  2.8±1.3 0.001

Wang & Bohlmans criteria
Excellent/Good 85.4% 89.1%

-
Fair/Poor 14.6% 10.9%

VAS: visual analog scale; ODI: oswestry disability index.

Table 2. Wang & Bohlmans criteria

Outcome Pain Medication Activity Work status

Excellent None except for occasional back pain None Normal Normal

Good Markedly improved, occasional pain Occasional use of pain 
medication

Minimal functional 
limitations

Return to work, although 
not at the same job activity 

Fair Some improvement Frequent use of pain 
medication

Restricted Limited

Poor No change in symptoms or a worsening
of the patient’s condition

Oral use of narcotics Incapacitated Disabled

RESULTS

A total of 138 out of 176 consecutively operated patients 

were available till final follow up and were included for statistical 
analysis. Group A comprised of 72 patients with 28 males and 
44 females, whereas Group B comprised of 66 patients with 28 
males and 38 females. The mean age for group A was 68.8±4.5 
years and for group B was 38.6±12.7 years. There was no sig-
nificant difference in body mass index (BMI) between both the 
groups (Table 1). All patients in-group A had neurogenic clau- 
dication as the presenting symptoms with mean duration of 
symptoms for 9.4±8.6 before surgery. In addition to neurogenic 
symptoms, 66 patients also complained of mechanical low back 
pain with radiologically evident instability of varying degrees. 
There was no difference in preoperative mean VAS score in- 
group A and in-group B however; there was significant diffe- 
rence in preoperative mean ODI scores between both groups 
(Table 3). The mean duration of pre-operative symptoms was 
9.3±8.1 months in-group B (Table 1). Medical co-morbidities 
were found to be present more in-group A with 26 patients 
with single and 19 cases were with two or more morbidities. 
In-group B, 20 patients were with single and 12 patients were 
with two or more co-morbidities (Table 1). The mean opera- 
tive time was 173±39 minutes in-group B and was 185±35 mi-
nutes in-group A (p=0.058). The mean operative blood loss was 
110±15 mL in-group A and was 90±11 mL in-group B that 
showed significant difference (p=0.001) between the two groups 
(Table 1). A single case of minor dural tear was found in both 
groups that were managed with fibrin glue, local fat graft and 

watertight fascia closure with no postoperative dural tear related 
complications. No other intra-operative complication was no-
ticed in both groups. In-group A, 15 patients had complica- 
tions in postoperative period (Table 4). Four patients (5.5%) had 
superficial infection (due to uncontrolled diabetes) and de-
layed wound healing necessitating prolonged hospital stay and 
managed conservatively with antibiotics and daily dressings. 
Two patients (2.7%) had deep infection requiring debride- 
ment on seventh postoperative day and another patient devel-
oped transfusion related problems after multiple blood trans-
fusions on third postoperative period turned into ARDS. One 
patient with previous history of myocardial infarction developed 
unstable angina and managed with cardiac team in ICCU. Addi- 
tionally four patients (5.5%) had UTI (urinary tract infection) 
related fever and was managed with oral antibiotics post- 
operatively without additional hospital stay (Table 4). The mean 
duration of hospital stay in-group A was 3.5±1.57 days (Table 
1). Four patients had persistent paresthesia related to diabetic 
neuropathy and none of the patients had any neurological com-
plications in-group A in postoperative period. Seven patients 
developed SIADH due to electrolyte imbalance and eight patients 
needed prolonged catheterization (more than 3 days) in-group 
A. Six patients in-group B had postoperative complications. Two 
patients (3.03%) had superficial wound infection managed with 
daily dressing and another had deep infection requiring debride-
ment and resuturing on seventh post-op day follow up. One 
patient had malpositioning of screw with persistent paresthesia 
requiring revision of screw on third postoperative day and two 
patients had UTI with fever that required prolonged oral anti-
biotics (Table 4). The mean duration of hospital stay in-group 
B was 2.45±1.76 days. The mean ODI and VAS scores showed 



MISS-TLIF in Elderly

JMISST 5(1) April 2020 17

Table 5. Radiological outcome at final follow up

Outcome
Elderly Group

(N=72)
Younger Group

(N=66)

Fusion rate 65/72 (90.2%) 62/66 (93.9%)

Screw loosening 3 1

Implant failure 2 0

Pseudoarthrosis 3 1

Cage slippage 2 0

ASD 1 2

ASD: adjacent segment disease.

Table 4. Postoperative complications

Category Complications Elderly group (N=72) Younger group (N=66)

General Superficial infection 4 (5.5%) 2 (3.03%)

Deep infection 2 (2.7%) 1 (1.51%)

Wound dehiscence 0 0

Fever 4 (5.5%) 2 (3.03%)

Cardiopulmonary Pneumonia 0 0

ARDS 1 0

Volume overload (transfusion related) 0 0

IHD 1 0

DVT 0 0

Neurological Neurological deficit 0 0

Paresthesia 4 (5.5%) 1 (1.51%)

Urinary UTI 4 (5.5%) 2 (3.03%)

Prolonged catheterization 8 (11.11%) 2 (3.03%)

SIADH 7 (9.72%) 0

Reoperation Screw loosening 3 (4.16%) 0

Pseudoarthrosis 3 (4.16%) 1 (1.51%)

ASD 1 (1.38%) 2 (3.03%)

 Implant failure 2 (2.7%) 0

 Cage slippage 2 (2.7%) 0

ARDS: acute respiratory distress syndrome; IHD: ischemic heart disease; UTI: urinary tract infection; SIADH: syndrome of inappro- 
priate anti-diuretic hormone secretion; ASD: adjacent segment disease.

significant improvement (p<0.05) in both the groups at final 
follow up with considerable improvement in clinical parameters 
(Table 3). There was no statistically significant difference be-
tween two groups at final follow up (p<0.1).

As per Wang’s Criteria, 61 patients in group A had satisfactory 
outcomes (excellent to good), 11 had fair to poor outcomes 
with two patients having only partial relief in symptoms and 
one patient had worsening of symptoms after surgery. In-group 
B, 58 patients had satisfactory outcomes (excellent to good) 
with eight patients having fair to poor outcomes with persistent 
or recurrent symptoms at final follow up (Table 3). The effect 
of age on clinical outcome was studied with multivariate analysis 
that proved that increasing age or addition of fusion does not 
hamper outcome in elderly population. There was no significant 
difference in mean time to return to mobilization among two 
groups although group A took little longer (average 3.4 weeks) 
to obtain pain-free status compared to group B (average 2.6 
weeks). Radiological data analysis showed 90.2% fusion rate, 
three cases of screw loosening (Fig. 2), three pseudoarthrosis, 
two cases each of implant failure (due to trivial fall and low 
bone mineral density) and cage migration with one case of 
asymptomatic adjacent segment disease (ASD) in group A (Table 
5). Seven patients including two cases of implant failure, three 
cases of pseudoarthrosis and two cases of cage slippage under-
went revision surgeries at the same level while a case of asympto-
matic ASD was managed conservatively (Fig. 2). The fusion rate 
was 93.9% in-group B with one case each of pseudoarthrosis 

and screw loosening and two cases of symptomatic ASD at 
final follow up (Table 5). Revision surgeries were done in three 
patients- one case of pseudoarthrosis and two cases of sympto-
matic ASD in-group B (Table 4).

DISCUSSION

The recent advances in surgical techniques, anesthesiology, 
patient care and instrumentation design have made MISS-TLIF 
a safer technique with improved outcomes and decreased mor-
bidity rates13,19,22). This technology has allowed more complex 
procedures to be performed in populations considered to be 
at an increased surgical risk (elderly and those with significant 
co-morbidities)3,9,17). Despite these advancements, age remains 
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a major concern when planning a surgical strategy for elderly 
patients. Although MISS-TLIF for degenerative lumbar disease 
is being commonly performed nowadays in elderly patients13,22) 
the evaluation of the outcomes for TLIF in elderly patients has 
not been widely studied into and there is limited literature related 
to its comparison with the younger patients17). It is generally 
said that fusion procedures in elderly are associated with in-
creased cost and incidence of complications3,20). In a recent 
study, Carreon et al.3) studied 98 patients (age>65 years) who 
underwent lumbar decompression and fusion. They concluded 
that elderly patients were at increased risk of surgery related 
complications. Conversely some authors have reported no differ-
ence in either outcomes or rate of complications between the 
elderly and the younger population12,14). However, the studies 
that can currently be found point out that there is a clinical 
benefit for elder patients operated on for degenerative lum- 
bar disease in terms of quality of life2,16). The effect of age on 
lumbar fusion therefore, remains unclear. Glassman et al.9) had 
done retrospective review of 85 patients over 65 years old who 
were treated with single level posterolateral arthrodesis L5-S1 
and found a mean improvement at two years of surgery of 
6.21 on the physical composite scale of SF-36 and 5.71 points 
on the mental composite scale of the SF-36. The disability im-
provement net score as measured with the ODI was 16.38 points. 
They compared these results with a younger control group and 
in any case, no significant differences were found. Okuda et 
al.17) found similar results in terms of quality of life in patients 
above and below age 70. In their cohort, study of 101 patients 
affected by degenerative spondylolisthesis at L4-L5 treated 
using the PLIF technique; they used a questionnaire from the 
Japanese orthopedic association quantifying both the fusion 
degree and the complications. They found an improvement 
without significant differences in both the younger and older 
group of patients. In some previous studies, the authors have 
concluded that co-morbidities were associated with greater com-
plication and mortality rates following lumbar surgery1,15) how- 
ever in the present series, there was no surgical mortality and 
no difference in the incidence of complications regardless of 
the presence or absence of medical co-morbidities. Despite 
the increased co-morbidity rate in patients older than 65 years, 
extensive adjustment revealed the odds of developing a compli-
cation were not significantly different if age was independently 
assessed2). These findings suggest that age itself is not an inde- 
pendent risk factor for complications after MISS-TLIF. Although 
some clinical case studies4-6) indicate a slightly higher risk of 
perioperative complications in older patients, cohort studies 
that have included younger control groups have failed to show 
significant differences16,17). In this series, a young and an elderly 
cohort both undergoing single-level MISS-TLIF with substantially 
similar characteristics, including gender, body mass index and 
indication for surgery. There was no significant difference be-
tween the two groups with respect to total complications. The 
cardiopulmonary complication rate once said to be common 
in elderly age group was not very common in this study. One 
patient developed ARDS requiring prolonged ventilator support 

with intensive care and prolonged hospital stay but this complica-
tion was mostly because of transfusion related volume overload 
caused by multiple blood transfusions. Over all intra-operative 
blood loss in two groups was not significantly different. Morta- 
lity in elderly population undergoing MISS-TLIF has not been 
studied in detail in previous studies. This study had no intra 
or postoperative mortality even after two years of surgery. This 
is mostly attributed to the fact that this study dealt with degener-
ative patients with ambulation related issues who were generally 
healthy except reduced reserves due to age and medical co-mor- 
bidities. However, with strict preoperative optimization over mor-
bidities and with judicial patient selection, the mortality related 
to TLIF in elderly can be brought down to zero as in this study. 
Reoperation rates were almost the same in both the groups in 
this study. Clinical outcomes in terms of satisfaction after surgery, 
as well as pain and functional improvement appear to be similar 
in elderly patients and younger ones. However, the quality of 
the evidence as it stands is poor and randomized controlled trials 
or well-controlled prospective cohort studies are needed to more 
accurately determine the complication risk and efficacy of 
MISS-TLIF in elderly patients. As of now, age should not be an 
independent exclusion factor and the decision to proceed with 
MISS-TLIF should be made on a case-by-case basis.

The main limitations of study are small sample size, retro-
spective design, matched pair analysis without randomization 
even though data collected prospectively. Another limitation 
was that the study was designed with the assumption that age 
has a large effect on clinical outcome and peri-operative compli-
cations while undergoing MISS-TLIF; if age only had a small 
effect, it would require a larger sample size to increase the 
power of the study. Finally, this study was limited to patients 
undergoing single-level MISS-TLIF and so results may not neces-
sarily apply to patients who undergo multilevel MISS-TLIF. In 
addition, the authors did not evaluate bone mineral density 
(BMD) for all the patients and so could not determine relationship 
between clinical outcome and BMD in elderly patients. Finally, 
a mid-term follow up of two years has been analyzed here. 
It does not allow us to know whether differences will appear 
over a longer period of time.

CONCLUSION

This study shows a substantial clinical benefit to elderly patients 
(Age>65 years) who underwent MISS-TLIF for degenerative lum-
bar disease and this improvement in the form of clinical and 
radiological outcome and complication rate were not different 
to that obtained by younger patients. Preoperative risk assess-
ment, an appropriate surgical approach and postoperative phys-
ical therapy are crucial to successful outcomes in elderly. Medical 
co-morbidities may need long term preoperative optimization 
to avoid postoperative and intra-operative complications. In- 
creasing age does not prove deterrent to outcome and should 
not be a contraindication to perform MISS-TLIF for degenerative 
lumbar disease.
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