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1. Summarise the paper in no more than 200 words.
Study objective: Accurate and timely diagnosis of carbon monoxide (CO) poisoning is difﬁcult because of nonspeciﬁc symptoms. Multiwave pulse oximetry might facilitate the screening for occult poisoning by noninvasive measurement of carboxyhemoglobin (COHb), but its reliability is still unknown. We assess bias and precision of COHb oximetry compared with the criterion standard blood gas analysis.

Methods: This was a prospective diagnostic accuracy study according to STARD (Standards for the Reporting of Diagnostic accuracy studies) criteria, performed at a tertiary care hospital emergency department. We included all patients for whom both invasive and noninvasive measurement within 60 minutes was available, regardless of their complaints, during a 1-year period.

Results: One thousand ﬁve hundred seventy-eight subjects were studied, of whom 17 (1.1%) received a diagnosis of CO poisoning. In accordance with this limited patient cohort, we found a bias of 2.99% COHb (1.50% for smokers, 4.33% for nonsmokers) and a precision of 3.27% COHb (2.90% for smokers, 2.98% for nonsmokers), limits of agreement from 3.55% to 9.53% COHb ( 4.30% to 7.30% for smokers, 1.63% to 10.29% for nonsmokers). Upper limit of normal cutoff of 6.6% COHb had the highest sensitivity in screening for CO poisoning. Smoking status and COHb level had the most inﬂuence on the deviation between measurements.

Conclusion: Multiwave pulse oximetry was found to measure COHb with an acceptable bias and precision. These results suggest it can be used to screen large numbers of patients for occult CO poisoning.
(8 marks)

2. Give 6 features of this study that are in-keeping with STARD (Standards for Reporting Diagnostic Studies)

Research aims stated comparing accuracy between tests

Study population clearly described

Reference standard noted (invasive measurement)

Study personnel supervised and trained in use of non-invasive meter

?Blinding

Statistical tests described

Demographics given

Flow diagram of patients

Diagnostic accuracy and 95% confidence intervals reported

Discussion on applicability

(1/2 mark each to max 3)
3. What evidence is there that multiwave pulse oximetry is comparable to blood gas analysis with regard to carboxyhaemoglobin levels?

Bland Altman analysis bias 2.32% overall (95% CI 2.11-2.54)

precision 4.01%
Log transform for non-normal distribution, bias 2.99%, precision 3.27%
Pulse oximetry bias 0.02%, precision 2.10%

International standard requires pulse oximetry RMS deviation <=4%

Non-invasive SpCO RMS deviation =4.43%

(3 marks)

4. Complete the 2x2 table for a cut-off of 6.6% SpCO in all patients using the results in the text.

	
	Test Positive
	Test Negative

	Disease Positive
	16
	1

	Disease Negative
	360
	1201


5. With reference to the ROC curve:
a. Name 2 test characteristics that can be derived from the curve

Area under the curve (overall test accuracy)
Optimum cut-off value of test

Positive Likelihood ratio

(2 marks)

b. Given Sensitivity is True Positive rate, what is 1-Specificity?
False positive rate

c. (1 mark)

d. The paper states that the cut-off of SpCO was focused ‘primarily on high sensitivity; specificity secondary’. How might this affect the false positive rate and what impact will it have on its usefulness as a screening tool?

Pushing sensitivity tends to reduce specificity

Increases false positive rate

Will identify more patients with CO toxicity

Will also cause more patients without toxicity to undergo further investigation

Effect on anxiety, cost

(3 marks)
6. Assuming a sensitivity of 90% and a specificity of 80%, what would be the positive likelihood ratio?
LR+ =   Sens/(1-Spec) = 0.9/0.2 = 4.5

(2 marks)

7. List 4 reasons for not adopting multiwave pulse oximetry for screening unselected ED patients for CO poisoning given the findings in this study.

Case for acceptable bias and precision vs ABG not made
Gold standard for diagnosis of CO toxicity not clear
No comparison between SpCO and screening on current clinical suspicion

Few true positives may overestimate sensitivity

Including those (many) not receiving ABG or in time may adversely affect test characteristics

Poor specificity may lead to over-investigation and patient anxiety

(4 marks)
