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ABSTRACT
The purpose of this study was to interrogate the clinical relevance and cost effectiveness of the routine preoperative chest X-rays at DGMH. 

It was conducted as a descriptive cross-sectional prospective study of radiographic films in the Radiology department.  A review of patients’ files and chest X-rays performed during a 6-month period from January to June 2008.
 Data from 100 patients’ files were included in the analysis. The age of patients ranged from 45 to 84years, the median age was 57years. The majority of patients younger than 50years were female, while the majority of male patients were over 50years.

From a total of 100 patients only 8%(8 patients) were deemed unfit and consequently postponed or cancelled for further investigation and optimization.  The cost for performing one routine chest X-ray was estimated to be R393 manpower, time and film inclusive, the total costs for the 100 patients included in this study being R39300.

 This study has provided some evidence that the routine preoperative chest X-rays can help in uncovering some abnormalities that were not apparent on clinical examination, it has pointed out that the impact of these uncovered abnormalities is very minimal on the planned surgery and that the costs associated with doing routine pre-operative chest X-rays can be substantial.

CHAPTER 1: INTRODUCTION

This chapter describes the research questions, the purpose, the objectives and the justification for the study.

1.1. Problem statement and research questions 

For many years, preoperative evaluation involved a certain number of routine tests, among them chest X-rays investigations for patients older than 40years. Patients in this group have been targeted due to their risk profile and to uncover  latent  or undiagnosed conditions that may interfere with anaesthesia and surgery. From published studies, it seems that conditions such as cardiovascular as well as acute and chronic respiratory diseases present special perioperative problems for the anaesthesiologist (1). At the moment, little is known about the usefulness, the extent and the impact of routine preoperative chest X-rays performed at Dr George Mukhari Hospital (DGMH). This study therefore purports to answer the following questions:

· What is the prevalence of preoperative abnormal X-rays findings in patients at this hospital?

· What types of abnormalities are found? 
· What impact do these abnormalities have on the planned surgery?
· What are the extra costs incurred due to performance of routine preoperative chest X-rays? 
· Is routine preoperative chest X-ray useful?  

1.2. Purpose of the study

To interrogate the clinical relevance and cost effectiveness of routine preoperative chest X-rays at DGMH
1.3. Objectives of the study
· To determine the prevalence of abnormalities uncovered by the preoperative chest X-rays in  patients screened at DGMH
· To determine the types of abnormalities found in these patients 
· To assess the impact of the abnormalities on the planned surgery (cancellation, postponement, use of alternative anesthetic technique or agent)
· To calculate the costs incurred for the preoperative chest X-rays (Total and average) and its impact on the departmental/hospital budget
1.4. Justification of the study
Since radiographic investigations represent a substantial part of hospital costs, it is important to determine whether the extra costs due to routine preoperative chest X-rays are justifiable. Moreover, since no previous study has been conducted on this topic at this institution, the findings of this study may be used to provide data that could be used to revise the policy on routine preoperative radiographic testing and to train medical staff on preoperative evaluations.
CHAPTER 2: LITERATURE REVIEW

In this chapter, a review of previous studies on the topic is done. 
2.1. Usefulness of preoperative chest X-rays
Preoperative tests are done to detect and confirm abnormalities and to plan appropriate anaesthetic management. According to Cook and Rooke routine ordering by members of surgical teams as well as anaesthesiologists in the preanaesthetic consult is however a common practice especially for elderly patients(2).  Bhuripanyo and Lim et al however reported that X-ray chest is often included in the common routine investigations, although results of many studies do not support their use (3,4). 
2.2. Costs of radiographic investigations 
Though the costs of radiographic investigations are not available at DGMH, it is known that chest X-rays (CXRs) are the most frequently ordered radiological tests  and account for up to 45% of all diagnostic radiological procedures  in the United States of America where data is available(5). At DGMH CXRs are estimated to be accounting up to 50% of all diagnostic radiological procedures.
2.3. Previous studies on the preoperative chest X-rays
A multicenter study by Perez et al involving 3131 patients reported that 27% had clinically insignificant  findings(no impact on medical, surgical and anaesthetic management) , of which 8.6% were chest radiographs. The authors concluded that there is a need for selective and rational ordering of preoperative tests during preanaesthetic visits(6).
Joo et al conducted a meta-analysis and found 513 relevant articles for the period between 1966–2004 in Medline and Embase. Of the 513 articles identified, 14 studies met their inclusion criteria. They found that the majority of abnormalities consisted of chronic disorders such as cardiomegaly and chronic obstructive pulmonary disease that made up to 65% of cases(5). 
They further indicated that the proportion of patients who had a change in management was less than 10% of investigated patients and that  the postoperative pulmonary complications were also similar between patients who had preoperative CXRs (12.8%) and patients who did not (16%). 
A study by Lim and Liu concluded that the detection of abnormalities was low, and their influence on anaesthetic management was minimal. They suggested that guidelines based on an arbitrary age limit may make administration easy, but should not be a substitute for clinical judgment and individual hospitals should make decisions based on the clinical impact that justify routine preoperative CXR(4). 
In 2005, Mishra et al. cautioned about routinely ordering chest X-rays before surgery without the merit and suggested that there is a need to critically analyze the indications of chest X-ray performed in the preoperative period in order to reduce the incidence of non indicated X-rays(7). This is important because the patients and staff get to be exposed to additional and/or unnecessary radiation. In general the amount and duration of radiation exposure affects the severity and/or type of health effect. Other factors include biological factors i.e age and body size, and portion of the body exposed. Younger children are at higher risk than adults. Large surface area also increases the risk. With chest X-ray duration of exposure is a few seconds. The dose a patient receives for both anterior-posterior and lateral view is estimated at 0,1mSv and the limit for public (excludes radiographers and radiologists) is 1mSv per year. Radiation exposure should be done only when absolutely necessary.
2.4. Conclusion
Although no studies from South Africa were found, the brief review presented above indicated that there are some controversies about the routine preoperative chest X-rays. It is our hope that this study will assist positively in this debate. 

CHAPTER 3: METHODS 
3.1. Study design 
This was a descriptive cross-sectional prospective study of radiographic films in the Radiology department. A review is presented of all patient files and chest X-rays performed during a 6-month period. This prospective design was chosen because it is quicker, easy to implement and information was easily obtainable. 
3.2 Study site and population
The study site was DGMH, in particular, its departments of Anaesthesia, Surgery and Radiology. The study population comprised of all patients screened for preoperative CXRs during the study period. The study period was from January to June 2008. 
3.3. Sampling and sample size

There was no sampling as all films meeting the inclusion criteria were included in the study. The only inclusion criterion was that the patient had a preoperative CXR.
With regard to sample size, 100 questionnaires were included in the analysis. This sample size is calculated based on the following assumptions: a prevalence of 50%, a tolerance of 0.2, an alpha error of 0.01 (8).
3.4 Materials for data collection and analysis  

3.4.1 Data collection tool and quality assurance procedures
The designed data collection form is shown in Appendix 1. It was constituted on the basis of the information from the literature(6,7). This form was used to record the information. The following information was recorded: date of CXR, findings, anaesthetic plan, changes made to the plan, abnormalities found, cost of the CXR, age (years) and gender of the patient, impact (cancellation, postponement, use of alternative anaesthetic technique or agent). Three radiographers participated in the collection of data; the three were selected on the basis of their willingness to be part of the research team. Two data capturers were employed to capture data into the MS-Excel sheet. They were chosen on the basis of their experience with data handling. Qualified radiologists were contacted during data collection to confirm abnormalities if this was not recorded or done at the time when the radiograph was taken.
3.4.2 Data analysis

The datasheet was constituted in an Excel sheet and double-checked for correctness using frequency distributions. Incorrectly captured data was corrected and the final dataset was saved. The statistical program for social science (SPSS) version 13 was used for analysis. Relevant descriptive and inferential statistics were calculated and presented in tables and figures. The prevalence of abnormalities was calculated as follows: 

· Prevalence Abnormalities = Number of abnormalities x 100 divided by number of patients
The extra cost due to preoperative CXR was calculated as follows: 

· Cost of preoperative CXR = Unit cost per size of X-ray film x number of films used+ fixed labor cost = A.  The unit cost of the film was the listed cost price that the hospital pays; and the labor cost was the calculated hourly salary of a radiographer divided by 2 based on the estimated 30minutes work per radiograph.

· Total costs of CXR = A x number of patients

3.5. Ethical issues
This study was submitted and the approval was obtained from the Medunsa Campus Research and Ethics Committee (MCREC) and the permission was obtained from the Hospital Superintendent of DGMH. No personal identifiers such as the name, or address of patients or doctors were recorded to ensure confidentiality and anonymity.
3.6. Validity and reliability

In an effort to minimize bias arising from poor quality of data management, illegible handwriting, radiographers and medical doctors were contacted for clarity. Where records were misplaced, efforts were made to retrieve them.  Data capturing was double entered and checked by a third person by means of a printout. In addition, data collectors were trained in the completion of the data collection form. All completed forms were checked for completeness at the end of the day by the investigator who took necessary corrective actions.
CHAPTER 4: RESULTS 

In this chapter the findings of this study are presented in the following order: demographic details of the sample, clinical and impact data, and finally the costs thereof. 

4.1. Demographic characteristics  

4.1.1. Age characteristics of the sample
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Fig 1: Age parameters of patients (n=100)
The age of patients ranged from 45 to 84years; the median age was 57years. The proportion of patients aged less than 50years is reported below. 
4.1.2. Age category
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Fig.2: Distribution of patients per age category

The majority of patients were 50 to 69years, while 19% of patients were less than 50years.  
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Fig.3: Frequencies of age data of patients (n=100)

4.2. Distribution of patients per gender
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Fig.4: Distribution of patients per gender
A slight majority of patients were male.
4.3. Gender and age category
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Fig.5: Distribution of patients per gender and age (n=100)

The majority of patients younger than 50years were female, while the majority of male paients were over 50years .

4.2. Clinical data
4.2.1. Principal diagnosis

	Table 1: Principal diagnosis leading to surgery (n=100)

Diagnosis
	Percent (%)

	Cancer of cervix
	13

	Cancer of prostate (including BPH)
	12

	Cancer others (Bladder, ovary, pancreas, larynx)
	10

	Fractures of members (including Lumbar spine, knee, femur)
	10

	Hernia
	8

	Fibroid uterus
	6

	Tumors (brain, lip, ears, pituitary)
	6

	Urethral stricture
	4

	Burns-third degree
	3

	Diabetic septic foot 
	2

	Glaucoma
	2

	Nasal polyps 
	2

	Osteoarthritis 
	2

	Removal of implants 
	2

	Skull fracture
	2

	Bowel obstruction (jaundice)
	1

	Deformed ear
	1

	Difficulty in breathing
	1

	Gynaecomastia
	1

	Hoarse voice for investigation
	1

	Hydrocele
	1

	Partial ear amputation
	1

	Perianal abscess
	1

	Peripheral vascular disease
	1

	Postmenopausal bleeding 
	1

	Pyelonephritis
	1

	Renal failure
	1

	Septic shoulder
	1

	Subdural hematoma
	1

	Total hip replacement
	1

	Vesicovaginal fistula
	1


The majority of patients that underwent pre-operative radiography suffered mainly from cancers (35%), fractures, tumors, fibroids, and hernias.
4.2.2. Co-morbidities
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Fig.6: Co-morbidities suffered by patients (n=100)

The graph above shows that majority of patients suffered from hypertension.  

4.2.3. Radiographs abnormalities 

Upon the performance of the routine pre-operative radiography, 40 cases (40%) of abnormalities were uncovered. These included the unfolding of aorta, COPD, lung nodules and cardiomegaly.
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Fig.7: Abnormalities found on X-rays taken (n=100)

The most common abnormalities were unfolding of aorta and COPD. 

4.2.4. Surgical techniques planned
	Table 2: Surgical procedures planned (n=100)

Surgical technique
	Percent (%)

	Hysterectomy (including TAH)
	17

	TURP
	8

	Polypectomy
	7

	Amputation
	7

	Laryngectomy
	7

	Craniotomy
	5

	RIH
	5

	Tracheostomy
	5

	Dilatation and curettage
	5

	Laparoscopy
	5

	Intramedullary nailing
	3

	Mastectomy
	3

	Adenoidectomy
	3

	Burr Holes
	2

	Myomectomy
	2

	Skin graft
	2

	Vesiculocanulostomy
	2

	Jejunostomy
	2

	Cystoscopy
	2

	Hydrocelectomy
	2

	Orchidectomy
	2

	Abdominoplasty
	1

	THR
	1

	ORIF
	1

	Knee replacement
	1


The majority of surgical techniques were hysterectomy and TURP. 
4.3. Impact of pre-operative radiography

4.3.1. Prevalence of change in the planned surgery

Overall, 5% of change occurred as a result of the pre-operative radiography. Though there was no change in the surgical technique, surgery was postponed in 5% of cases and cancelled in 3% of cases. The former were cancelled and diagnostic biopsies done under local anaesthesia.  The changes affected the type of anaesthesia and the anaesthetic agents as shown below.

4.3.2. Impact of type of anaesthesia planned
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Fig.8: Changes in type of anaesthesia (n=100)

After the routine pre-operative radiography, two planned regional anaesthesia were changed to general anaesthesia. In three other instances, the changes in the general anaesthesia involved the anaesthetic agents as shown below.
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Fig.8: Changes in anaesthetic agents (n=100)

There was change in anaesthetic agents, as propofol was replaced by etomidate in two cases and by ketamine in one case; while the change from regional anaesthesia to general anaesthesia resulted in bupivacaine being replaced by etomidate in the general anaesthesia technique.
4.4. Profiles of patients whose surgery was changed
Table 3: Features of patients with changed surgery 
	
	Age  (Years) 
	Gender
	Primary Diagnosis
	Co-morbidity
	Abnormality

	Patient 1
	84 
	Female
	Fracture of femur
	Hypertension
	Cardiomegaly

	Patient 2
	78
	Male
	Obstruction jaundice
	Hypertension
	Lung nodules

	Patient 3
	62
	Male
	Lumbar spine fracture
	None
	Bullous disease

	Patient 4
	82
	Male
	Cancer of prostate
	Hypertension and diabetes
	Cardiomegaly, unfolding or aorta

	Patient 5
	70
	Male
	Cancer of prostate
	Hypertension
	Cardiomegaly


Four of the five patients were male; all of them were over 60years old, while four of them suffered also from hypertension. The three common abnormalities were cardiomegaly. Surgery was cancelled and postponed for patients 5, 3, and 2; while it is was postponed only in patient 1. In patient 4, after the change, the surgery was performed.  
4.5. Costs of routine pre-operative radiography
	Table 4:  Cost parameters (n=100) 

Parameters
	Amount (ZAR)

	Labor cost
	68

	Cost per film
	325

	Cost per radiograph
	393

	Total costs
	39300


Because only one size of film was used (43 x 35cm), the minimum and the average cost per film was the same as the cost per film. The total costs for the 100 films used including the labor cost was ZAR 39300.00 excluding the costs of repeats if they were done. 
CHAPTER 5: DISCUSSION OF RESULTS  

This chapter discusses the results presented in the previous section. The discussion starts with a commentary on the demographic considerations.

5.1. Demographic distribution and co-morbidity  

The patients involved in this study were old. Their age ranged from 45 to 84years; the median age was 57years. The majority of patients were 50 to 69years, while 19% of patients were less than 50years. This age distribution is consistent with the fact that the majority of them suffered from hypertension as co-morbidity. 

There was a difference with regard to their gender. The majority of patients younger than 50years were female, while the majority of male patients were over 50years .This is consistent with the view that women seek more care than men (9,10,11). The latter finding was justified by the fact that the most common principal diagnosis was cervical cancer (Table 1). Interestingly even in males, prostate cancer was also the leading principal diagnosis. 

5.2. Prevalence and types of abnormalities uncovered

An overall prevalence of 40% of abnormalities were uncovered from the pre-operative chest X-rays. This finding highlights the importance of the procedure as a tool for uncovering patient’s conditions that may have an impact on their surgeries. The prevalence found in this study is high when compared to the results reported by a Perez et al but similar to a figure of 40,3% reported by Seymour and co-workers in the elderly patient (6,9). 

With regard to the types of abnormalities, this study finding concurs with the reports by   Joo et al  study which indicated that cardiomegaly and COPD were the most commonly detected abnormalities(6). However, while in their studies, these two entities made up 65% of cases, whereas in this study they added up to 17% (Figure 6). In these study lung nodules(1%) and bullous disease(1%) were uncommon findings which lead to further investigation and management.  

5.3. Impact of abnormalities on planned surgery
Though there was no change in the surgical technique or procedure, overall a 5% of change occurred as a result of the pre-operative radiography. The major changes were that surgery was postponed in 5% of cases and cancelled in 3% of cases; while the minor changes involved the type of anesthesia and the anesthetic agents as shown in Figures 7 and 8.The sensitivity of propofol in the elderly was first described by Dundee et al, its involvement here concurs with previous studies by other authors such as Schnider et al. who reported the influence of age on the same drug. The former supports the suggestion by Smith et al that a perioperative drug evaluation is necessary.  This finding concur with earlier reports done by Lim and Liu who stated that preoperative chest X-rays has minimal impact on the surgery. It is also consistent with the findings by Joo et al. who reported that preoperative chest X-rays lead to less 10% of change in investigated patients (4,5,12,13,14).  
5.4. Costs incurred for preoperative chest X-rays 
The total costs for the 100 films used including the labor cost was ZAR 39300.00 excluding the costs of repeats if they were done. In terms of impact on the hospital/departmental budget, it is clear that given a yearly total of over 5000 operations performed at this hospital, the costs incurred are substantial (Hospital Statistics). 
Since no previous South African study was found on this topic, there were no data to which this finding could be compared to. 
CHAPTER 6: CONCLUSIONS AND RECOMMENDATIONS
6.1. Conclusions
The purpose of this study was to interrogate clinical relevance and cost effectiveness of the routine preoperative chest X-rays and its associated costs at DGMH. 

Overall 40% of abnormalities were detected, but only 5% impacted on the surgery leading to 5% postponement and 3% cancellation. The cost for performing one routine chest X-ray was estimated to be R393, the total costs for the 100 patients included in this study being R39300.
While this study has provided some evidence that the routine preoperative chest X-rays can help in uncovering abnormalities, it has pointed out that the impact of these uncovered abnormalities is very minimal; and that the costs associated with doing routine pre-operative chest X-rays can be substantial.

6.2. Study limitations and recommendations 

This study suffered from the following limitations: it involved few patients and was conducted over a very short period of time; no data on repeat chest X-rays were collected.  

Despite the above limitations, the following recommendations need to be confirmed by larger longitudinal studies:

· Because of the little impact of the chest X-rays on the planned surgery, instead of routine pre-operative chest X-rays, clinical judgment should be used to decide whether a preoperative chest X-ray should be done or not. 

·  In order to implement the above recommendation, regular in-service training and clinical audits should be conducted so that evidence-based practices are incorporated in the day-to-day job of clinicians. 
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Appendix
 Data collection form
	Section A: Patient Data
	

	1. Age:
	____Years

	2. Gender:
	1. Female 2. Male

	3. Principal diagnosis
	

	4. Co-morbidities mentioned:
	

	Section B: Anesthetic and Surgical data
	

	5. Anaesthetic method planned
	1. General 2. Local 3. Regional

	6. Anaesthetic agent planned
	

	7. Other anaesthetic features
	

	8. Surgical techniques planned
	

	9. Previous surgery
	1. Yes 2. No

	Section B: X-Ray and findings
	

	10. X-Ray film size used:
	1. 18 x 24cm
2. 18 x 43 cm

3. 24 x 30 cm

4. 43 x 35 cm
5. Other size:

	11. Cost of the film:
	R________

	12. Labour cost:
	R________

	13. Total cost:
	R________

	14. Is there any abnormality on radiograph?
	1. Yes   2. No

	14a. Was or is this confirmed by a radiologist?
	1. Yes    2. No

	14b. If not confirmed, state why
	

	15 If yes, which one?
	1. COPD  2.Mediastinal enlargement 
3. Lung nodules 4. Cardiomegaly 
5. Diaphragm lobulation 6. Other

	Section D: Impact  data
	

	16. Was there a change on the anaesthetic technique?
	1. Yes     2. No

	16a. If yes, which technique was then used?
	

	17. Was there a change on the anaesthetic agent?
	1. Yes     2. No

	17a. If yes, which agent was used instead?
	

	18. Was there a change in other anaesthetic feature?
	1. Yes     2. No

	18a. If yes, specify
	

	19. Was there a change on the surgical technique?
	

	19a. If yes, specify
	

	20. Was there a change on the other feature of surgery?
	

	20a. If yes, specify
	

	21. Was there a need for another consultation?
	1. Yes   2. No

	21a. If yes, was the patient referred to another specialist?
	1. Yes   2. No

	21b. If yes, to which specialist was the patient referred to? 
	

	22. Was the surgery cancelled?
	1. Yes   2. No

	23. Was the operation postponed?
	1. Yes   2. No

	Section E: General Remarks
	

	
	


PAGE  
1

