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   Study Design.     Retrospective study. 
   Objective.   To report surgical and patient-reported outcomes after 
outpatient lumbar fusions in an ambulatory setting. 
   Summary of Background Data.   There is growing interest in 
the potential benefi ts of outpatient spine surgery such as reduced 
costs, consistent operative team, and decreased postoperative  
complications during in-hospital recovery. However, there are 
limited studies on outcomes after outpatient lumbar fusions, to 
guide patient selection, treatment techniques and postoperative 
expectations. 
   Methods.   Medical records of 16 consecutive patients, who 
underwent outpatient direct open, single-level, posterior lumbar 
interbody fusions, were examined by a single surgeon. Outcome 
measures included visual analogue scale (VAS) scores for lower back 
and Oswestry Disability Indices (ODIs). Mean body mass indices 
(BMIs), estimated blood loss, surgical times and complications, and 
fusion rates were evaluated. 
   Results.   Males represented 56% of patients. Mean age was 
42.81  ±  3.05 years (mean  ±  standard error) and mean body mass 
index was 28.95  ±  1.04. History of smoking and narcotics use 
were statistically noncontributory. Mean fi nal follow-up was 15 
(range, 5.52–34.2 mo) months. Mean postoperative scores were 
determined by the fi nal follow-up VAS and ODI. L5–S1 was the most 
common level of the 16 levels operated on (69%). Preoperative and 
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     With advances in less-invasive procedures and 
improved anesthesia techniques, there is a growing 
interest in outpatient surgical procedures. 1–3  Com-

pared with standard hospital experiences, the potential ben-
efi ts include improved patient satisfaction from a more per-
sonalized perioperative care plan, decreased health care costs, 
less exposure to nosocomial infections, less risks of iatrogenic 
complications from medical errors, 4–6  and increased safety for 
the surgeon who can choose a consistent surgical team. 

 The literature on outpatient lumbar spine surgery is sparse 
on discussing the appropriate techniques and technologies, 
patient selection, costs, outcomes, and complication rates. 7–11  
The authors therefore provide herein, a preliminary report of 
the clinical experience and feasibility of performing instru-
mented single-level open posterior lumbar interbody fusion 
(PLIF) or transforaminal lumbar interbody fusion in an ambu-
latory surgery center (ASC) with same-day home discharge.   

postoperative VAS and ODI scores for lower back were obtained 
for 15 patients (93.75%). Mean lower back VAS score of 8.4  ±  
0.37 preoperatively reduced to 4.96  ±  0.73 postoperatively, ( P   =  
0.001). Mean ODI improved from 52.71  ±  0.04 preoperatively, to 
37.43  ±  0.06 postoperatively, ( P   =  0.04). One patient experienced 
postoperative worsened back pain with clinical and radiological 
signs of possible aseptic discitis. Estimated blood loss was 161  ±  
32 mL and average operating time was 124.85  ±  7.10 minutes. The 
overall fusion rate was 87.5%. 
   Conclusion.   Direct open posterior lumbar interbody fusions were 
done safely with statistically signifi cant reduction in average pain 
and ODI scores. Surgical times were approximately 2 hours with 
minimal blood loss, allowing patients to be comfortably discharged 
the same day without a drain.    
  Key words:   lumbar fusion  ,   outpatient surgery  ,   outcomes  , 
  complications  ,   ambulatory center  ,   surgery center  ,   decompression  , 
  low back pain  ,   less-exposure surgery (LES)  ,   minimally invasive 
surgery  . 
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 MATERIALS AND METHODS 
 We reviewed the medical records of 16 consecutive adult 
patients treated by a single surgeon in an ASC. Patients 
underwent single-level posterior spinal decompression with 
PLIF or transforaminal lumbar interbody fusion. Supple-
mental posterior fi xation was performed using transfacet 
pedicle screws bilaterally, or unilaterally combined with 
standard pedicle screw fi xation and an interspinous fi xation 
device, based on surgeon preference. Indications for surgery 
included chronic, disabling low back pain with or without 
leg pain secondary to degenerative disc and facet disease 
and/or grade I spondylolisthesis with foraminal stenosis as 
evidenced on clinical examination, provocative injections, 
and/or discography and radiological fi ndings. All patients 
had failed a minimum of 6 months of conservative therapy, 
which included anti-infl ammatory medications, physical 
therapy, therapeutic steroid injections, and radio-frequency 
rhizotomies for patients with suspected facet-mediated axial 
back pain. Chronic but stable medical conditions included 
asthma, hypertension, diabetes mellitus, arthritis, hypercho-
lesterolemia and heart disease. All patients were medically 
cleared by their family practitioner and/or cardiologist where 
applicable and deemed fi t for surgery by the anesthesiolo-
gists as ASA 1, 2, or 3. ASA 4 patients were excluded from 
outpatient surgery. 12  

 The operating surgeon had extensive experience, perform-
ing the procedure in academic and private hospitals, as if the 
patients were in an outpatient setting, until reproducible in 
the hospital, prior to commencing in an ambulatory setting. 

 Patients were discharged directly to their homes after sur-
gery. As such, the eligibility criteria for lumbar fusion in an 
ambulatory center included the following:  

1.  Must be living or staying within 30 minutes from a 
hospital.   

2.  Body mass index less than 42.    
3.  Cardiologist evaluation including echocardiogram and/

or stress test for patients with a history of cardiac prob-
lems.   

4.  Must have a responsible adult living with, or staying 
with the patient who is available to care for them for at 
least 24 hours after surgery.   

5.  Low-to-moderate anesthesia risks according to ASA cri-
teria 1 to 3.    

 All patients received 30 to 60 mg of ketorolac intravenously 
approximately 10 minutes before waking up from anesthesia. 
Additional medications included diazepam 10 mg orally for 
spasms and anxiety, short and long acting oral narcotics such 
as oxycodone and acetaminophen (Percocet) 5 mg/325 mg 
and oxycodone HCL (OxyContin) 10 to 20 mg orally twice 
per day for patients to take at home. Patients were given an 
intravenous bolus of cefazolin of 1 g prior to discharge and a 
prescription of cefalexin for 5 days. 

 Patients were discharged from the recovery room with a 
responsible adult to drive them home only after they were 
deemed to be fully alert by an experienced registered nurse 

and the attending anesthesiologists and were neurologically 
intact by the attending spine surgeon. 

 Transfer agreements are in place between the ASC and 
with neighboring hospitals within 30 minutes, for hospital 
admission, if patients develop any serious problems.  

 Follow-up    

1.  Patients were instructed on postoperative protocol 
( Figure 1 ).   

2.  Patients were called the night of surgery after being dis-
charged and again the morning after surgery.   

3.  The fi rst clinic follow-up visit was at 1 to 2 weeks post-
operatively, and physical therapy was started. Follow-up 
continued at 6 weeks, 3 and 6 months, and at the fi nal 
recorded outpatient follow-up thereafter.     

 Functional outcomes included a patient numeric rating 
scale/visual analogue scale (VAS) for lower back pain and the 
Oswestry Disability Index (ODI). Preoperative and postop-
erative VAS and ODI scores for lower back were obtained for 
15 patients (93.75%). Mean fi nal follow-up was 15 (range, 
5.52–34.2 mo) months, at which time VAS and ODI results 
were used to calculate the mean postoperative scores. 

 Complications, estimated blood loss, fl uoroscopic times, 
length of surgery, and fusion rates were also evaluated. Fusion 
was attained with interbody polyetheretherketone cages and 
supplemental fi xation, demineralized bone matrix, allograft 
cancellous chips and/or autograph laminectomized bone. 
Fusion was assessed on the basis of clinical absence of axial 
back pain or movement between the spinous processes on 
fl exion and extension lateral radiographs. We also evaluated 
plain radiographs and computed tomographic (CT) scans 
looking for bridging bone across the facets and interbody 
space ( Figure 2A–C ).    

 Summary of Operative Technique 
 Patients were placed prone on a Wilson frame, which was 
then cranked up into maximum kyphosis to open the inter-
laminar spaces for decompression. Patients were given 2 g 
of cefazolin intravenously. A 22-gauge spinal needle was 
placed just lateral to the spinous processes, docking against 
the lamina of the intended spinal level under anteroposte-
rior fl uoroscopic guidance. Five to 10 mL of 0.5% bupi-
vacaine with epinephrine was injected into the paraspinal 
muscles. A Midline incision was then made and the spine 
exposed ( Figure 3 ). The exposure was limited laterally to 
the facets because the facets were the intended fusion sur-
faces and not the transverse processes. The supraspinous 
and interspinous ligaments were removed and the ligamen-
tum fl avum was elevated from the inferior lamina’s surface 
and the underside of the cephalad lamina using a curette. 
A burr and Kerrison rongeurs were used to create a hemi-
laminotomy/hemilaminectomy window to the disc. Partial 
facetectomies were performed. The ligamentum fl avum was 
released laterally from the facets, cephalad and caudad from 
the laminas, and a medially based fl ap retracted medially 
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against the dura that protected the traversing nerve root ( Fig-
ure 4 ). The exiting nerve root was rarely visualized during 
this approach as it is migrated cephalad in kyphosis away 
from the disc space. The traversing nerve root was protected 
underneath the ligamentum fl avum fl ap. An annulotomy 
defect was created using a size 15 blade. Pituitaries, curettes, 
and shavers were used to dislodge and remove disc mate-
rial and exposed bleeding endplate. A custom bone funnel 
was placed into the disc space. Cancellous bone graft fol-
lowed by microparticulate demineralized bone matrix and 
autograft laminectomized bone were packed tightly against 
the anterior longitudinal ligament ( Figure 5A–B ). A PLIF/
transforaminal lumbar interbody fusion polyetheretherk-
etone cage was placed straight through the annular window 
while preserving the facets, until it impacted the graft. The 
fi nal position was confi rmed fl uoroscopically. At this point, 
complete decompression was achieved with removal of any 

remaining compressive ligamentum fl avum or facets. The 
spinous processes were retained along with the facets. Then, 
the Wilson frame was taken out of kyphosis and the patient’s 
lumbar spine would visibly settle into lordosis. Pedicle screw 
fi xation was then placed either through the facets 13  or using 
standard pedicle screws. The facets were decorticated with a 
burr and bone graft packed over the facets. Then, the wound 
was closed in interrupted layers. No drain was used in any of 
the surgical procedures.      

 Statistical Analysis 
 Statistical analysis was performed using Microsoft Excel 
version 14.1.3 (Microsoft Corp., Redmond, WA) and Stata 
statistical software version 12 (StataCorp, College Station, 
TX). Comparisons were expressed as counts or means with 
standard error. The Fisher exact test was used for analysis 
of contingency. Tests were considered signifi cant if  P   <  0.05.    

Copyright © 2014 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

  Figure 1.    Outpatient lumbar fusion post-
operative instructions.  
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 RESULTS 
 Males represented 56% of patients. Mean age was 42.81  ±  
3.05 years (mean   ±  standard error) and mean body mass 
index was 28.95  ±  1.04. Smoking history and narcotics use 
were statistically noncontributory. Total number of levels 
performed during the study period was 16 with L5–S1 being 
the most common level operated on (69%). Mean estimated 
blood loss was 161  ±  32 mL and mean operating time was 
124.85  ±  7.10 minutes. Fluoroscopic times averaged 43  ±  
8 seconds. 

 There was a reduction in VAS pain scores by 2 or more 
points in 81.25% of patients at their fi nal follow-up. Mean 
lower back VAS score of 8.4  ±  0.37 preoperatively reduced 
to 4.96  ±  0.73 postoperatively, ( P   =  0.001). Mean ODI 
improved from 52.71  ±  0.04 preoperatively, to 37.43  ±  0.06 
postoperatively, ( P   =  0.04). 

 The overall fusion rate for the primary surgery was 87.5% 
(14/16). Two male patients (39 and 46 yr, respectively) devel-
oped pseudarthrosis of L5–S1, diagnosed clinically after a 

history of persistent back pain and nonunion on CT. They 
both admitted to have been heavy smokers ( > 1 pack/d) and 
were active in the early postoperative period due to improved 
symptoms. They subsequently underwent revision surgery 
after 6 months of failed improvement. 

 Postoperative complications occurred in 1 female patient 
(6.25%) who called our offi ce to complain of pain, deep to 
the incision site with midline tenderness and opening of the 
incision edges. She was seen the same day and was afebrile. 
The wound seemed clean with only trace erythema around 
the incision edges and slight opening. A magnetic resonance 
imaging (MRI) was performed, and we made a diagnosis of 
possible aseptic/low-grade discitis on the basis of the radio-
logical appearance of endplate changes, her initial worsened 
back pain and lack of a fl uid collection. The surgeon also 
based his diagnosis on experience with this postoperative 

Copyright © 2014 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

   Figure 3.    Exposure of the spinous processes, lamina, and facets.  

   Figure 4.    Exposed ligamentum fl avum being used as a medially based 
fl ap for dura and nerve root protection during cage insertion. PLIF 
PEEK cage is also seen being inserted at L4–L5. PLIF indicates posterior 
lumbar interbody fusion; PEEK, polyetheretherketone.  

   Figure 2.     A , Sagittal view of a preoperative MRI showing lumbar disc herniation at L5–S1.  B , Sagittal view of a computed tomogram 11 months 
postoperatively showing bridging bone across the L5–S1 interbody space.  C , Bilateral facet joint fusion seen on axial cut of the same postopera-
tive CT. MRI indicates magnetic resonance imaging.  
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MRI endplate fi nding after interbody fusion in the early post-
operative period in noninfected patients. 

 Further investigation revealed that this patient did not 
take the usual postoperative oral antibiotics and this raised 
our concern that there might be a low-grade infection. We 
therefore commenced treatment with oral 500 mg of cefalexin 
every 6 hours. After completing 10 days of antibiotics and 
reducing her activities, at 2 weeks postoperatively, her symp-
toms were fully resolved.   

 DISCUSSION 
 The rate of lumbar fusion surgical procedures has increased by 
220% in 2001 from 1990 (spiking after 1996, after interbody 

cages were approved). 14  Contributing factors range from 
an expanding elderly population, the introduction of safer, 
quicker, and more cost-effective lumbar fusion techniques 
and the desire for the patients to remain physically active and 
productive well into their senior years. 

 Long-term clinical outcome and patient satisfaction is good 
when performed in a hospital setting although fusion rates do 
not always correlate with outcome. 15  ,  16  Complications and 
hospital errors however, serve as the major disadvantages of 
inpatient hospital-based surgery. 17  ,  18  

 The mortality rates of inpatient lumbar fusion techniques 
has been quoted between 0.14% and 0.2% according to 
nationwide inpatient sample data. 19  ,  20  Goz  et al  19  found over-
all morbidity across all spinal levels (cervical, thoracic, and 
lumbar) to be trending upward between 2001 and 2010. The 
most common spinal procedure performed is discectomy with 
more than 300,000 performed annually. 3  ,  21  

 With this track record and the burgeoning health care 
costs, there is a growing body of literature supporting the 
benefi ts of outpatient lumbar surgery. 22–24  Pugely  et al  22  
compared inpatient  versus  outpatient morbidity and mor-
tality specifi cally in patients who underwent single-level 
posterior lumbar decompression. Data collected from the 
American College of Surgeons National Surgical Qual-
ity Improvement Program, for 4310 patients undergoing 
either inpatient (61.7%) or outpatient (38.3%) lumbar 
decompression found the overall complication rate to be 
5.4% in the inpatient group  versus  3.5% in the outpatient 
group ( P   =  0.068). Propensity score matching and multi-
variate logistic regression analysis were used to adjust for 
confounders and they found several independent risk fac-
tors of short-term complications after lumbar discectomy 
including, age, diabetes, presence of preoperative wound 
infection, blood transfusion, operative time, and an inpa-
tient hospital stay. 

 Clinical and radiological evidence of fusion was observed 
in 87.5% of our patients except for 2 males. Both patients 
were chronic, heavy smokers who each underwent a trial of 
smoking cessation preoperatively. Both underwent facet fi xa-
tion at L5–S1, and persisted to smoke postoperatively. We 
now recommend preoperative urine tests for confi rmation 
of smoking cessation and in young active patients, we avoid 
bilateral facet fi xation at the L5–S1 level and instead offer 
pedicle screw and rod fi xation. 

 In our series of patients, we noted 1 patient with aseptic 
discitis on the basis of  clinical suspicion and the radiologi-
cal appearance of endplate changes on the MRI. However, 
these changes could have been mechanical from the endplate 
preparation during surgery and the presence of the interbody 
cage, or a normal MRI fi nding in the immediate postopera-
tive period. 25  ,  26  Our patient had no constitutional symptoms 
and a normal white blood cell count. We decided against anti-
infl ammatory use to avoid compromising the lumbar fusion. 27  
The rationale for antibiotic use in this case was 2-fold; (1) 
prophylactically, in case it was a simple wound dehiscence 
and (2) empirically, in case we were wrong and the infection 
was just not yet established. 

Copyright © 2014 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

   Figure 5.     A , A custom bone funnel and tamp being placed into the disc 
space to allow easy insertion of bone graft material anteriorly against the 
anterior longitudinal ligament.   B , Lateral fl uoroscopic image showing 
cancellous bone graft, microparticulate DBM and autograft laminecto-
mized bone being packed tightly against the anterior longitudinal liga-
ment. DBM indicates demineralized bone matrix.  
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 There were no subsequent hospital admissions for pain 
control, which is a common reason for prolonged hospital stay 
after lumbar fusion. 28  ,  29  We think that our patients remained 
comfortable perioperatively, due to the combination of intra-
operative and postoperative analgesia used, in conjunction 
with the less-exposure surgical technique performed. 

 The advantages of the author’s preferred surgical tech-
nique include the following: (1) Only a hemilaminotomy is 
used. (2) The PLIF is only 8-mm wide with extreme bullet-
ing and slightly rounded edges make it easier to insert with 
much less retraction and allows one to preserve more of the 
facet ( Figure 6 ). (3) The ligamentum fl avum is preserved dur-
ing the discectomy and placement of the cage, and acts as a 
medially based fl ap. (4) The Wilson frame, results in a more 
taut ligamentum fl avum, which makes it easier to be resected. 
Traditionally, lumbar fusions are done on a Jackson table to 
accentuate lumbar lordosis, but this causes an almost shin-
gling effect of the laminas. We use the Wilson frame  versus  
the Jackson spinal table to make decompression easier and to 
preserve the lamina while removing ligamentum fl avum and 
the medial border of the superior facets. We are able to recre-
ate the patients lordosis when the Wilson frame is lowered 
and with compression of the facets during screw placement.  

 None of our patients’ incisions were closed with a lumbar 
drain  in situ . This decision was based on research that showed 
that the risk of hematoma development is not infl uenced by 
the use of drains in single-level lumbar decompressions and 
should be based on surgeon discretion. 30  ,  31  The selection crite-
ria of low-risk patients, including those without any bleeding 
diathesis, our meticulous attention to hemostasis and no dead 
space also contributed to this decision. Patients exhibited high 
satisfaction and 100% of them said that they preferred an 
ASC if they had to undergo the surgery again. 

 CONCLUSION 
 We demonstrated that single-level posterior lumbar fusions 
were done safely with strict patient selection to allow for 
medical clearance in patients with body mass index less than 
or equal to 42 and using a direct midline approach staying 
medial to the facets and retaining the posterior elements. This 

less-exposure technique reduced blood loss, kept surgical 
time from incision to closure to approximately 2 hours, fl uo-
roscopic time less than 45 seconds, and allowed patients to 
be comfortably discharged home the same day with only oral 
pain medications and without a drain.   

 Cumulatively these preoperative and postoperative recom-
mendations, medications, and surgical technique aided in a 
comfortable recovery immediately postoperatively, to allow 
for easier transfer to a waiting car and the drive home with no 
incidence of unplanned hospital admission.           

  ➢  Key Points   

   We described patient selection, outpatient 
lumbar fusion protocol, and surgical technique 
used in 16 consecutive patients undergoing 
single-level posterior lumbar decompression and 
interbody fusion in an ASC.  
   Patient-reported and radiological outcomes as 

well as complications were evaluated.  
   Outpatient single-level posterior lumbar fusion 

is feasible and safe when comprehensive patient 
education is routine, and strict patient selection 
criteria are followed.      
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