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Abstract

Objectives

Anterior cervical discectomy and fusion (ACDF) is a common operative treatment of compressive pathology of the cervical spinal cord, when caused by one or more degenerated intervertebral discs or related osteophytes. In addition to intra-operative radiographs to confirm spinal level before discectomy and implant position after insertion, traditional practice is to obtain post-operative antero-posterior and lateral plain radiographs (XR) before hospital discharge, despite a paucity of evidence supporting their benefit to patient care.  With increasing financial pressure on healthcare resources, routine investigations should be clinically justified and evidence-based. We aim to compare the utility of routine post-operative cervical spine x-rays following ACDF.

Methods

We compare two groups of consecutive patients undergoing ACDF in a single UK neurosurgical centre. The first group (n=109) received routine post-operative XR imaging, and the second group (n=113) received radiographs only when clinically indicated. 
Results

There were no differences in post-operative complication rates (4.6% vs. 5.3%), or requirement for further imaging or of further operative intervention (1.8% vs. 0.9%). The group that did not have routine post-operative radiographs had a significantly shorter stay in hospital (median 2 days vs. 3 days).   There were no patients in either group where post-operative XR changed clinical management and mandated revision surgery or further imaging.  All cases requiring surgery or further imaging were identified by clinical deterioration.

Conclusions

We suggest that the practice of obtaining routine radiographs of the cervical spine following ACDF should be abandoned, unless there is a clear clinical indication. 
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Introduction

Cervical radicular pain, neck pain and myelopathy are encountered frequently in spinal practice. If conservative treatment is insufficient, and the symptoms are caused by a prolapsed degenerated intervertebral disc, or by an osteophyte, then elective surgery is generally considered a reasonable option for cervical spondylosis. Anterior cervical discectomy and fusion (ACDF) is one such procedure that has been used successfully for several decades, and has been shown to have excellent outcomes in terms of symptomatic relief (1).
Traditional practice is to obtain post-operative antero-posterior and lateral plain radiographs (XR) to assess cage implant position and level, despite the usage of intra-operative XR imaging. There is little evidence for the utility of routine post-operative imaging, although advice to do so was included in the original description of the ACDF technique by Cloward in the 1950s (2).  Of note, Cloward’s original technique inserted an iliac crest autograft dowel into a round central interbody hole, rather than the now commonly available polyether ether ketone (PEEK) or titanium cages inserted into a cleared evacuated disc space to maintain lordosis and promote interbody fusion.
There have been several publications from recent years that assess the utility of routine post-operative XR imaging in altering management decisions following a variety of cervical fusion techniques 
 ADDIN EN.CITE 
(3-6)
.  They have universally shown that routine imaging is unhelpful in identifying patients that require further intervention in the absence of clinical signs or symptoms. Indeed, there were no patients in which a change in treatment course was effected by an abnormal XR. The literature supports the argument that careful post-operative examination and imaging only when an adverse feature may be the result of an operative complication should be the standard of care.
In an era of ever increasing healthcare cost and financial pressure on the UK National Health Service (NHS), routine investigations should be clinically justified and evidence-based. Furthermore, cervical XR deliver ionising radiation to radiosensitive areas such as the thyroid gland, and so should be justified by clinical evidence. 
In this study, we compared the complication rate requiring further imaging or intervention and length of hospital stay in patients undergoing ACDF with or without routine post-operative cervical spine XR.

Methods

All patients undergoing ACDF in the Department of Neurosurgery, John Radcliffe Hospital, Oxford during two distinct six month time periods were included. Group 1 included all patients undergoing ACDF between January and June 2009 (n=109). Group 2 included all patients undergoing ACDF between August and December 2011 (n=113). 
All patients underwent intraoperative fluoroscopy.  Group 1 all received routine post-operative XR.  A departmental policy not to routinely perform post-operative XR was then implemented prior to group 2 receiving surger.  The decision for post-operative XR imaging then became at the discretion of the operating surgeon.
Data were analysed using a commercially available statistical software platform, R (7). Results are expressed as proportions (%), mean values with confidence at 0.95, or medians, as appropriate. Fisher’s exact test or Wilcoxon’s rank sum test and Welch’s unequal variance t-tests were used to compare categorical and numerical variables between groups. The Shapiro-Wilk test was used to assess normality. All p values <0.05 were considered to be statistically significant. 
Results
Demographics
Group 1 consisted of 109 patients that underwent ACDF followed by routine anterior and lateral cervical spine XR (105 patients received XR, 96.3%). Group 2 consisted of 113 patients that underwent ACDF followed by XR only if specifically requested by the operating surgeon (22 patients received XR, 19.5%).
The age distributions were normally distributed, and were similar between groups (group 1: 51.1 years, 95% CI 48.8-53.3 years; group 2: 52.1 years, 95% CI 50.0-54.3 years; p = 0.49).  Male to female ratios were similar and 50:50 in both groups.
Figures 1 and 2 illustrate the peri-operative patient pathways in groups 1 and 2 respectively.

Number of levels

The number of levels operated on was also similar between groups – group 1: median 1, mode 1, range 1-4; group 2: median 1, mode 1, range 1-3. However, there were proportionally more patients in group 2 that had only one level operated (group 1 52.3% vs. group 2 93%, p < 0.001).
Hospital stay

The median hospital stay was longer for the patients that underwent routine post-operative cervical spine radiographs (group 1: 3 days, range 2-37 days vs. group 2: 2 days, range 1-26 days; p <0.001). 

Complications
The rate of complications was similar between groups (group 1: 4.6% vs. group 2: 6.2%; p = 0.77), and the proportion of these patients requiring re-operation was also similar (group 1: 2 out of 5 vs. group 2: 1 out of 7; p = 0.55). In complicated cases, all but one patient underwent further imaging imaging (10 by MRI, 1 by CT). 
Group 1 complications included: cord contusion, two haematomas (repeat surgery for these patients), prevertebral collection causing dysphagia, CSF leak.  Group 2 complications included: leg paraesthesia, leg weakness, dysphagia, persistent compression (repeat surgery for this patient), increased leg pain, new unilateral arm pain, pharyngeal perforation needing tracheostomy (this patient had CT instead of MRI post-complication).
There were no cases in either group where post-operative XR mandated revision surgery or further imaging.  All cases requiring surgery or detailed imaging were identified by clinical deterioration, as detailed above. The complications not offered further surgery were, by and large, transient.
Cost

Clearly, there is a financial burden for performing post-operative XR. These costs include: the cost per XR, staff time for radiography and radiology to report, the cost of porters, and the cost of extra days in hospital due to delayed discharge.
In 2010 at our centre, the total annual cost of routine post-op XR was estimated at £200,000. This figure includes the extra bed-days, but does not include the added costs from subsequent lack of beds and attendant postponed operations.
Discussion

Post-operative cervical spine XR following ACDF is a good example of traditional management with a lack of an evidence base. We have shown that each patient’s clinical course and management have not been altered by the usage of these XR, and in those cases that did have complications, this was identified clinically, and these patients went on to have more detailed studies performed.
Table 1 details the findings of other groups looking at the utility of post-operative XR following ACDF. Our groups are clearly comparable in terms of demographics and post-operative complication rates. From the literature, out of 540 reported patients, there was not a single patient that had a change in their treatment course dictated by an abnormal post-operative XR. Each of these studies advocates the abandonment of routine post-op XR, reserving imaging for only those cases in which adverse clinical features may be the result of an operative complication. 
It should be emphasised that we do not advocate terminating all usage of radiographs in the treatment course of ACDF. Intraoperative radiographs are necessary to confirm the correct spinal level and appropriate placement of the implanted cage or graft 
 ADDIN EN.CITE 
(8, 9)
. There may be a clinical indication that suggests XR investigation might be useful, for example when the patient has complaints such as dysphagia that could be related to cage malposition or extrusion (3).  It is our experience that those patients that have other complications, in particular those involving neurological deficits are investigated using MRI where possible to assess for neural compression.
It is possible, nonetheless, that a clinician may desire to have radiographs post-operatively. For surgical trainees’ education or for medicolegal purposes may be arguments for continuing this practice (3). Furthermore, it may become desirable to obtain radiographs for medicolegal reasons to exclude wrong site surgery, despite intraoperative fluoroscopy. 
Thus, obtaining radiographs following ACDF increases the cost of care with little evidence of benefit to patients. With ever increasing concerns regarding radiation exposure (10) and healthcare expenditure, evidence-based, cost-saving practices should be considered wherever possible. The cost of the XR themselves is relatively small, but the cost is rapidly driven up by inclusion of the cost of porters, radiographers, radiological interpretation, and additional bed days.  We estimate in our unit that this cost is as much as £100,000 annually. This includes the average extra day that patients having routine XR stayed in hospital, but does not include the additional costs incurred by delayed or cancelled operations due to increased bed occupancy from delayed discharge. One limitation of our analysis is that some of the additional stay may be accounted for by the difference in distribution of number of levels operated on.  A few patients in this study received three- and four-level ACDF with standalone unplated cages.  In these patients, post-operative XR were more desirable to evaluate restoration of lordosis and implant position in the erect spine 
 ADDIN EN.CITE 
(11)
.
A major limitation of this study is that all patients underwent treatment at a single centre, which could introduce selection bias and may, therefore, contribute to reduced external validity. However, we believe that our patients are treated to national best practice standards, by several consultant neurosurgeons and therefore we do not doubt the generalisability of our results. Nevertheless, future work in the form of a national audit or questionnaire of current practice in the UK might be a helpful endeavor.  Surveying both neurological and orthopaedic spinal surgeons would be appropriate.  One of the authors who has undertaken both neurosurgical and orthopaedic spinal training in several units has observed greater use of both intra- and post-operative XR among orthopaedic surgeons when undertaking ACDF.
A questionnaire survey of ACDF practice in UK and Ireland two decades ago reported that 84% of 118 consultant neurosurgeons performed routine post-operative XR.  10% performed them selectively and 4% never.  Its authors found the need for a widespread practice of post-operative XR “hard to explain”(12).  In an era ‘dealing with the downturn’ and desiring increased efficiency over the coming half decade, their use becomes increasingly difficult to justify 
 ADDIN EN.CITE 
(13-15)
.
Conclusions
Routine post-operative XR following ACDF should not be performed since they do not influence patient care. Their omission does not result in a higher rate of complications, further imaging or revision surgery.   Expensive tests, or those that deliver ionising radiation to patients should not be undertaken without a clear clinical indication.
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Table 1. Summary of studies of cervical spine radiographs after anterior cervical discectomy and fusion 

Figure 1. Flow-chart showing peri-operative pathway of patients routinely receiving post-operative radiograph (group 1).

Figure 2. Flow-chart showing peri-operative pathway of patients not routinely receiving post-operative radiograph (group 2).
Table 1. Summary of studies of cervical spine radiographs after anterior cervical discectomy and fusion 

	Paper
	Operation
	Patients
	Age
(mean)
	Levels (median)
	Complications
	Post-op XR
	Change in treatment due to XR

	Bartels et al.
	ACDF
	132
	49.3
	1
	0 (out of 82 patients in retrospective arm)
	97.0%
	0%

	Shau et al.
	ACDF (subgroup)
	103
	51.8 (overall)
	2 (overall)
	None reported
	76.7%
	0%

	Molinari et al.
	ACDF
	30
	40.9
	1
	None reported
	100%
	0%

	Ugokwe et al.
	ACDFP
	53
	57.7
	1
	5.7%
	100%
	0%

	Group 1 (current)
	ACDF
	109
	51.1
	1
	4.6%
	96.3%
	0%

	Group 2 (current)
	ACDF
	113
	52.1
	1
	6.2%
	19.5%
	0%

	TOTAL
	ACDF±P
	540
	51.1
	1
	3.4%
	77.2%
	0%


Figure 1. Flow-chart showing peri-operative pathway of patients routinely receiving post-operative radiograph (group 1).
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Figure 2. Flow-chart showing peri-operative pathway of patients not routinely receiving post-operative radiograph (group 2).
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