
Response to Reviewers 

 

Editor’s comments: 

1. Editors felt that this is a great topic but were not sure if it should form part of the overdiagnosis series. It is a 

contribution that relates to too much medicine but the problem is not overdiagnosis per se; the issue is over 

monitoring (of sats) leading to over treatment (with O2 and admission).  To make a good contribution to the 

series, the article really ought to focus on diagnosis but we were not convinced that it is the diagnostic label of 

bronchiolitis which is the problem here. Might it better to focus on hospitalization rather than bronchiolitis? If 

you agree, one option would be to liberate the article from the shackles of the series, which means that the 

argument can develop without the constraints of the overdiagnosis article format. As an Analysis article the 

paper could make the case that we admitting and treating too many children with bronchiolitis and low o2 levels 

We thank the editors for their comments.  We agree that hypoxemia in bronchiolitis may not fit the exact 

mold of a typical overdiagnosis topic since it deals with a physiologic manifestation of disease 

(“hypoxemia”) rather than the specific disease itself. Nonetheless, as discussed in the BMJ article by Carter 

et al, “The challenge of overdiagnosis begins with its definition.” Given that the essence of overdiagnosis is 

“the detection of conditions that would not have caused harm”, we believe it is important to educate readers 

that overdiagnosis of physiologic conditions can be just as common and harmful as overdiagnosis of 

diseases. We believe we have presented convincing evidence including evidence from RCTs, that the 

overdiagnosis of borderline hypoxemia fueled by the increasing use of pulse oximetry has led to harm, 

namely in the form of a dramatic increase of hospitalization for what is generally considered a benign 

illness.  We therefore respectfully request that our revised work still be considered for the Overdiagnosis 

series.  We have made it clearer throughout the text that our intention is to point to overdiagnosis of 

borderline hypoxemia as the culprit for this and not bronchiolitis itself 

See addition under Evidence of Overdiagnosis section as example:  

 “Overdiagnosis is generally defined as the identification of an abnormality where detection will have no 

net benefit for the patient.
25

  However, as stated in a recent analysis of overdiagnosis in The British Medical 

Journal, “the challenge of overdiagnosis begins with its definition.”
26

  In this paper, we are not proposing 

that bronchiolitis is overdiagnosed; rather, we propose that there has been overdiagnosis of borderline 

hypoxemia in infants with bronchiolitis. While hypoxemia may be viewed more as a physiologic 

derangement than a disease per se, as we will show, there is ample epidemiologic and randomized trial 

evidence that hypoxemia in bronchiolitis is overdiagnosed, and that the public health consequences of such 

overdiagnosis are substantial.” 

2. We also wondered if this scenario of reliance on pulse oximetry is true of other respiratory conditions in 

children - viral-induced wheeze, croup for example? It might be worth a brief mention. 

We are not aware of similar and convincing evidence in other common pediatric respiratory illnesses, likely 

because the pathophysiology of bronchiolitis is unique and because the disease affects infants whereas 

other respiratory diseases (asthma and pneumonia) are more common in older children. As discussed in our 

paper, desaturation (especially while sleeping) is common in young infants. We have reflected this on the 

text under the Background Section as follows:  

“While the phenomenon of overdiagnosis of hypoxemia is best-described in bronchiolitis, it is unknown to 

what degree it occurs in other common respiratory conditions such as asthma or pneumonia, diseases which 

differ in their pathophysiology and affected age groups. “ 

3. How strong is the evidence? You mention the three RCTs - we thought these could be more clearly described in 

the paper. Has there been any meta-analyses in this area, or are there plans MA the RCT evidence? 



The three RCTs that have been published were rigorously conducted (two of the three manipulated the 

pulse oximeters in order to achieve blinding). We have added some more details about the methods in the 

paper.  Additionally, the epidemiologic studies utilized traditional methodologic approaches to identify 

overdiagnosis (increasing disease prevalence - where disease in this case is hospitalization due to 

hypoxemia – without any improvement in outcomes). 

Regarding meta-analyses, we have added the following sentence to the evidence section:  

“While there have not been any formal meta-analyses on overdiagnosis of hypoxemia in bronchiolitis, a 

recently published systematic review
33

 evaluating whether pulse oximeter use impacts health outcomes in 

children stated that pulse oximeter use can reduce mortality rates in children, but can also “increase 

admission of children with previously unrecognized hypoxeamia” and “generally increase(s) resource 

utilization”. The evidence cited to support the statement that pulse oximetry use may reduce mortality 

comes from one study for children with pneumonia in Papua New Guinea demonstrating reduced mortality 

after multiple interventions were introduced including pulse oximeters, oxygen concentrators, and 

personnel training,
34

 findings that may be less relevant to bronchiolitis management in developed 

countries.” 

4. How did oximeter use become widespread - was it a case of the technology being available for people to use or 

did the guidelines initially suggest targeting treatment to a particular level? 

We have made the case that the widespread use of pulse oximeter has been due to its increasing 

availability.  The introduction reflects this as follows: “Wide-scale commercial use began in the 1980’s 

with introduction of the first commercial devices.
.2
  Since then, pulse oximetry has permeated healthcare to 

the point that it has been dubbed the “fifth vital sign” and the standard method for non-invasive 

measurement of oxygenation.
3,4

” 

Further down in the introduction we explain: 

“This increase, which coincides with the growing use of pulse oximetry in the 1980’s, has led to a tripling 

in the number of hospitalizations for bronchiolitis, from 12.9 per 1000 to 31.2 per 1000 children under 1 

year of age.12 Notably, this impressive rise has not been accompanied by increased disease related 

mortality or morbidity.
13

” 

We have also further clarified this point by adding another example of widespread use of available 

technology that was adopted early and similarly has led to questionable outcomes in the introduction as 

follows: 

“New and innovative technologies often can become standard of care before supportive evidence exists.  A 

parallel example is the widespread use of fetal-monitoring during labor which some investigators have 

credited with an impressive rise in the rate of Cesarean deliveries without much evidence of a positive 

effect on neonatal outcomes.5,6” 

The 2006 AAP guidelines did recommend using oxygen to maintain saturations ≥ 90%, but the widespread 

adoption of pulse oximetry predated these guidelines. 

5. On the subject of guidelines: What lead to the guidelines recommending those particular cut-offs? And why the 

variation between different guidelines and different conditions? (Also the pneumonia and asthma guidelines you 

refer to are from BTS/SIGN and BTS respectively)  

We have cited the original evidence used by the guidelines authors as their justification for the cut-offs by 

adding the following to clarify:  

“The evidence cited as the basis in these guidelines for their differing oxygen saturation limits is indirect 

and low quality evidence
22

 or in adult patients
23

 and does not compare different oxygen concentration 

targets to outcomes.” 



We have reworded the sentence that speaks about the guidelines to simply state: “Additionally, British 

guidelines for asthma and pneumonia set a threshold for hypoxemia at <94% and <92%, respectively.
20,21

” 

6. Under evidence of harm: "A prospective study of children admitted for bronchiolitis found that preventable 

adverse events during hospitalization can occur in as many as 10 per 100 admissions" - might you elaborate on 

what kind of harm?  

We have further clarified the particular harms in this Evidence of Harm section by the following addition:  

“These adverse events ranged from simple IV infiltrates to hospital acquired infections such as urinary tract 

infections or gastroenteritis, even in patients who were classified as “non-critically-ill”.” 

7. Are you aware of any patient/parent perspectives on this topic? 

This is a very good question. Our evidence review did not reveal any parental perspectives on this specific 

subject. We have added the following to Limitations of the Evidence Section and to the Conclusion section 

to reflect this:  

“One final limitation is the lack of studies examining parental preferences for monitoring in the setting of 

bronchiolitis.  Future work in this area should incorporate fully informed parental preferences and attitudes 

regarding pulse oximetry monitoring.” 

“Finally, as previously mentioned, parental perspectives in this discussion are lacking.  Future research and 

guidelines should include parental perspectives of acceptable risks and benefits of oxygen saturation 

monitoring.”  

8. Depending on the level of evidence available to back a change in practice, we could also consider an Education 

article on this topic.  If the evidence is clear then a ‘Change Page’ article is one possibility 

http://www.bmj.com/specialties/change-page. A softer call would be an Uncertainties article 

(http://www.bmj.com/specialties/uncertainties-page). 

We thank the editors for their thoughtful review and suggestions. If after evaluating our revised work the 

editors feel a different series or article type is a better fit, we are certainly willing to work with the editors 

on this endeavor 

 

Reviewer 1 

1. Rationale for change: Whilst the sentence could be considered correct, it would be better reworded to reflect the 

fact that routine clinical examination would detect hypoxemia below c85% oxygen saturation. The principle 

discussion is with regard to the clinical effect of saturation values between clinical cyanosis and normoxia. 

We thank the reviewer for this comment.  We have addressed the concern by adding “borderline 

hypoxemia” to this section 

2. Leap of faith: I would not consider this a leap of faith – there is very good evidence that detection of hypoxemia 

is important to prevent clinical deterioration and negative neurologic sequelae. The question is more nuanced 

and relates to the clinically opaque zone where someone is not cyanosed, but also not normoxic. 

We thank the reviewer for this comment and we have incorporated this concern by amending this section as 

follows: 

“Borderline hypoxemia is important to detect in order to provide supplemental oxygen and may be a 

harbinger of severe disease.” 

3. Conclusion: Lack of evidence is not evidence of no benefit. There should be adequate clinical trials to support 

restricted use of pulse oximetry in acute lower respiratory tract disease. It is quite possible that outcomes are 



better than they were 30 years ago (excluding deaths - surely is an outcome of extreme), we possibly haven’t 

measured outcomes appropriately. 

We have added “borderline hypoxemia” to this section. Also to further address the reviewer’s concern we 

have added the following to the Limitations of Evidence section: 

“Mortality in bronchiolitis, for example, is a rare and extreme outcome. While there are studies that suggest 

improvement in mortality when oxygen is given to maintain oxygen saturation above 90%,
35

 this finding 

has been limited to critically-ill premature infants treated over a longer period than what would be expected 

for an acute episode of bronchiolitis.  However, it is certainly possible that some yet unquantified outcome 

attributable to the increased use of pulse oximetry in bronchiolitis has led to patient benefit. For example, 

there may be potential long term cognitive benefits of detecting and treating episodes of mild hypoxemia, 

an outcome that has not been rigorously evaluated.” 

4. Defining Hypoxemia.  

I would like to see a more balanced perspective on behalf of patient safety. Imperative within a ‘re-education’ 

of clinicians on the use of pulse oximetry is the need to aid understanding of oxygen saturation in health and 

disease. The oxygen dissociation curve is not static, and in disease where they may be a raised CO2 and lower 

pH then a higher threshold for oxygen saturation is required. The authors should present this dynamic 

relationship, as this dynamism is of vital importance when using pulse oximetry as a clinical tool; a child that is 

adequately perfused and looks well will tolerate lower oxygen saturation that a child who is clinically dry and in 

early respiratory failure. There isn’t a one size fits all – I understand that is key to the message being presented 

in this perspective – but it requires education that it isn’t sufficient to simply push down the limits of oxygen 

saturation without understanding patient risk. 

 

We thank the reviewer for this thoughtful concern.  We have made a few revisions and additions including 

the substitution of “borderline hypoxemia” for hypoxemia in several places in the text.  More specifically 

we have directly incorporated some of the reviewer’s thoughts under the Defining Hypoxemia section as 

follows:  

 

“The oxygen dissociation curve is dynamic, and oxygen needs are dependent on illness severity and a 

patient’s physiologic status.  Patients who have low cardiac output, are severely dehydrated or otherwise 

have impaired end organ perfusion can be highly sensitive to even small changes in oxygen and may 

benefit from higher oxygen saturation thresholds.  However, for an infant convalescing from an episode of 

bronchiolitis who has no evidence of impaired perfusion, borderline hypoxemia is of uncertain 

consequence. “ 

 

5. Overdiagnosis 

The authors could make clearer what overdiagnosis relates to – I interpreted this as bronchiolitis – whereas I 

understand the intention would be for overdiagnosis of hypoxemia. Bronchiolitis is a clinical diagnosis that does 

not require a knowledge of oxygen saturation to make the diagnosis and a normal oxygen saturation does not 

preclude the diagnosis. It should not be suggested in the article that bronchiolitis is being overdiagnosed by the 

additional use of pulse oximetry. There is good evidence that bronchiolitis is underdiagnosed in most primary 

care settings. ‘Overdiagnosis’ –seems a clumsy term in this setting, especially for borderline hypoxemia. 

 

We agree with the reviewer that we need to clarify that this piece is not intended to suggest overdiagnosis 

of bronchiolitis, and have addressed this comment above in response to similar concerns raised by the 

editors.  

 

6. The assessment of the evidence base could be more critical. For example, in the Schuh study whilst there was a 

higher rate of admission in those in the routine oximetry arm compared with the modified arm, the number of 

patients within this study that fell within the borderline hypoxemia group was very small – possibly reflecting 

the single site setting and change in protocol during the study to assess at a triage of 88% rather than initial 



90%. Only 17 infants in the study had an oxygen saturation <92% at triage, with only 11 infants <90% SpO2 

across both groups. The Schuh study appears to demonstrate that providing ED physicians with ‘hyper’normal 

SpO2 boosts confidence to discharge, but is limited in its ability to inform the discussion of this manuscript, i.e. 

borderline hypoxemia. Clearly there could be critical assessment of BIDS too with regard to this topic 

We thank the reviewer for this comment.  We have expanded and clarified the findings from the study by 

Schuh et al. by adding the following statement in the Evidence for Overdiagnosis section:  

“Given the relatively high range of oxygen saturations in this study (only 11 infants across both groups had 

saturations < 90%), the study demonstrates that “hypoxemia” is relative and even in ranges that are 

generally considered normal, practitioners appear to be reassured by higher saturations.” 

7. Reference to other uses of oxygen in respiratory conditions could support the discussion on risk/benefit for 

oxygen targets. BOOST II was associated with increased deaths in preterm infants when the difference in their 

oxygen saturation over time was just 3% (89% vs 92%) (Stenson NEJM 2013). In children with lower 

respiratory tract infection, deaths were reduced when children were provided with oxygen supplementation for 

an oxygen saturation below 90% oxygen (Duke Lancet 2008). These may not be studies in bronchiolitis – but 

they are studies of oxygen in children and as such a component of the discussion on risks and benefits 

We thank the reviewer for this comment we have added a reference to the Boost (Stenson et al) study under 

the Limitation of the Evidence section as follows: 

“Mortality in bronchiolitis, for example, is a rare and extreme outcome. While there are studies that suggest 

improvement in mortality when oxygen is given to maintain oxygen saturation above 90%,
35

 this finding 

has been limited to critically-ill premature infants and over a longer period than what would be expected for 

an acute episode of bronchiolitis.” 

Regarding the Duke study, we have added reference to this study in this paragraph in the evidence section: 

“While there have not been any formal meta-analyses on overdiagnosis of hypoxemia in bronchiolitis, a 

recently published systematic review
33

 evaluating whether pulse oximeter use impacts health outcomes in 

children stated that pulse oximeter use can reduce mortality rates in children, but can also “increase 

admission of children with previously unrecognized hypoxeamia” and “generally increase(s) resource 

utilization”. The evidence cited to support the statement that pulse oximetry use may reduce mortality 

comes from one study for children with pneumonia in Papua New Guinea demonstrating reduced mortality 

after multiple interventions were introduced including pulse oximeters, oxygen concentrators, and 

personnel training,
34

 findings that may be less relevant to bronchiolitis management in developed 

countries.” 

 

8. How to do better 

There are important lessons to provide to clinicians about the sensible, safe and effective use of pulse oximetry. 

It is a clinical tool, not a decision tool. The authors should rephrase use of the word hypoxemia as this message 

could be confused by clinicians – borderline hypoxemia or something similar could be more appropriate. 

NCT01646606 is a pilot trial that has completed and recruited just 33 patients: it is unlikely to provide an 

answer to the question posed, but may inform a larger multicenter study. 

 

We have made several changes in the manuscript to better reflect this concern mostly by substituting 

“borderline hypoxemia” for instances where we previously used hypoxemia.   

 

We have previously cited the trial mentioned by the reviewer under the second paragraph of the How to do 

Better section 

 

9. Lacking within all this are the perspective of parents as to what they would consider possibly acceptable risks 

and benefits from challenging current oxygen saturation target strategies. The SUPPORT trial (NEJM 2013) 

was criticized for moving forward with trial outcomes that were of significant potential detriment to patients, 

without adequate understanding of how trial participants (parents) would view these risks. I don’t think these 



perspectives are available from parents for bronchiolitis – but it would be really helpful that this was 

acknowledged within the perspective. 

  

We strongly agree with the reviewer in this regard and have added the following to Limitations of the 

Evidence Section and to the Conclusion section:  

“One final limitation is the lack of studies examining parental preferences for monitoring in the setting of 

bronchiolitis.  Future work in this area should incorporate fully-informed parental preferences and attitudes 

regarding pulse oximetry monitoring.” 

“Finally, as previously mentioned, parental perspectives in this discussion are lacking.  Future research and 

guidelines should include parental perspectives of acceptable risks and benefits of oxygen saturation 

monitoring. “  

10. Conclusion 

As above I would not agree that there has been technological creation of disease - the child has bronchiolitis. 

There may be an over reliance on pulse oximetry as a decision tool, and that should be appropriately evaluated.  

We have changed the conclusion as follows: 

“However, its increasing and widespread use for stable infants and young children with bronchiolitis, a 

self-limited disease with a generally benign course, has led to technology-driven overdiagnosis of 

hypoxemia, fueling uncertainty, increased resource utilization, and patient harm.” 

 

Reviewer 2 

1. This is the most comprehensive review to date examining the impact of routine measurement of oxygen 

saturation in infants with bronchiolitis on hospitalization and potential complications related to hospitalization 

and overuse of supplemental oxygen.  

The authors have wisely divided the available evidence into a) evidence for over-diagnosis of hypoxemia: RCTs 

affecting diagnosis of hypoxemia, missed diagnosis of hypoxemia without detectable patient harm, and 

increasing detection of hypoxemia without clinical impact and b) real and perceived limitations of evidence to 

date and c) evidence of harm related to the impact of overuse of oximetry. They conclude that routine use of 

oximetry in bronchiolitis has led to an increase in hospitalizations without any evidence of improved outcomes.  

 

The authors are to be commended for this excellent job. The literature review is very complete, up to date and 

performed in a critical manner. The paper summarizes the evidence for growing suspicion of many clinicians 

that oximetry can act both as a falsely reassuring factor when an infant is sick and contribute to admitting 

otherwise well children due to a perceived need for supplemental oxygen. 

 

We thank the reviewer for her kind words and thoughtful review 

 

2. The Table with the challenging assumptions is particularly interesting. I wonder if the authors want to include 

more specific thoughts about how to overcome these assumptions? As long as people believe that a saturation 

below 90% adversely affects infants' brains, we shall have a problem with translating this evidence! Any 

specific thoughts on how to proceed next? 

 

Congratulations on this excellent work! 

Pertinent to this comment, we have added a call to engage families in research and guideline creation as 

one more tool to overcome assumptions about hypoxemia. 


