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May 6, 2016 

 

Dear Dr. Merino, 

 

Thank you for the thoughtful consideration of our manuscript: “Adverse outcomes during the 

transition to a new electronic health record"(BMJ.2016.032144).” The reviewers raised a 

number of suggestions, all of which we were able to address. We believe that doing so has led to 

a substantially approved manuscript. Below are our point-by-point responses. We also are 

attaching two versions of the edited manuscript, one with the edited changes highlighted and 

another clean version, as well as an edited appendix. 

 

We look forward to your thoughts and thanks again. 

 

Sincerely yours, 

 
Anupam B. Jena, MD, PhD 

 

  



Reviewer #1: Dr. Edward R. Melnick 

 

Thank you for your thoughtful comments. 

 

1. This study is original, well-written, the background is well-researched and up-to-date, 

and the methods rigorous to answer an important question regarding the safety of EHR 

implementation. The large scale and appropriate use of diff-in-diff analysis make the 

results more reliable and credible.  

 

We thank the reviewer for his kind comments. 

 

2. Selection bias: the 17 intervention hospitals with eligible go-live dates were selected from 

71 potentially eligible hospitals whose hospital IT leadership responded to emails regarding 

go-live date that were sent to 171 potentially eligible hospitals. The authors should compare 

outcomes between randomly selected hospitals that were responders and non-responders to 

mitigate the possibility of selection bias. This should also be mentioned in the Limitations 

portion of the discussion. 

 

We appreciate the reviewer’s concern about this potentially important limitation. However, it 

appears that our methods may have been unclear, because our selection process was different 

from what the reviewer describes. The 171 “potentially eligible” hospitals were all hospitals 

meeting the eligibility criteria in the second paragraph of the Methods – e.g. they had a new 

electronic health record (EHR) implementation or EHR vendor switch indicated in the American 

Hospital Association (AHA) information technology survey. Doing internet searches primarily, 

we identified implementation dates for 71, or 42% of the hospitals. For the vast majority of the 

hospitals without an implementation date that we could identify, it was clear from internet 

documentation that there was no “go live” date, i.e., in these centers the transition to a new 

electronic health record did not happen in a single day (which is important for our empirical 

identification strategy). For the few hospitals with a likely “go live” date but nothing available 

online, we reached out by e-mail. For the study hospitals in our analysis, we received responses 

to our e-mail queries. Therefore, there was little opportunity for a significant non-response 

selection bias to influence our results because our identification of key hospitals was determined 

by publicly available information, not by e-mail responses.  

 

To address this overall concern, we improved the clarity of the description of the selection of 

study hospitals in the Methods section beginning page 8, paragraphs 2-3: 

 

 To identify hospitals with new EHR implementations, we used the AHA IT Supplement to 

search for all acute care general hospitals with 150 or more beds who met either of two criteria: 

1) answered that they were planning for an “initial deployment” of an EHR or “major change in 

vendor” in the next 18 months in the 2010 survey or 2) changed inpatient EHR vendors between 

2010 and 2013. We focused on hospitals with 150 or more beds due to the difficulty of assessing 

the impact of EHR implementation on outcomes at smaller hospitals given their low number of 

Medicare admissions. We also required that all hospitals defined as having an EHR 

implementation have a “basic” or “comprehensive” EHR as of 2013, as defined by the Office of 



the National Coordinator for Health IT.
2
 Given these criteria, we found 171 hospitals with either 

initial deployment or an EHR vendor change between 2010 and 2013.
1
  

 We then performed Internet searches of publicly available documents to identify 

documentation of an implementation date for inpatient EHR for each of these 171 hospitals. For 

hospitals who appeared to have a clear implementation date but lacked publicly available 

documentation of their implementation date, we attempted to reach hospital IT leadership by e-

mail. Of the 171 hospitals meeting the criteria, we identified an implementation date for 71 

hospitals (42% of initial 171). The vast majority of hospitals without an implementation date 

appeared to implement their EHR in a slow or staggered rollout without a single “go live” date. 

Of these 71 hospitals with a single go-live date available, 17 had implementation dates 

occurring between January 1
st
, 2011 and June 30

th
, 2012 (eTable 1, we chose June 30

th
 to allow 

for 180 days of follow-up to examine if any disruptions returned to baseline). These 17 hospitals 

formed the group of “EHR implementer” hospitals for this analysis. 

 

The fundamental trade-off here is between internal and external validity. In our study, we 

emphasize internal validity by focusing on hospitals with a discrete “go live” date, reducing 

confounding in admissions before and after the transition. We could potentially improve external 

validity by trying to capture more hospitals in our study group, but because they lack a “go live” 

date, we lose the strong internal validity of our study. We believe that the methodological 

strength of our approach outweighs the weakness of not having more hospitals given the few 

quasi-experimental studies in the EHR literature. 

 

We also more directly acknowledge this weakness in the Discussion section, page 18, paragraph 

1: 

 Our study also focused on the 17 study hospitals which had an available “go live” 

transition date within the time period in our database, which potentially limits the external 

generalizability of the study. This limitation is tempered by the diversity of these hospitals 

(eTable 1, eFigure 1) as well as the strong internal validity enabled by our quasi-experimental 

study design. 

 

3. Length of follow-up: the authors state in the limitations that the "analysis focused on the 

short-term impact of EHR implementation and should not be interpreted as assessing its 

long-term impact." They also did not explore implementation strategies immediately 

following go-live, stating that "advanced planning among hospitals undergoing EHR 

implementation" may have contribute to the lack of difference in outcomes pre- and post-

implementation. This combination limits interpretation of the analysis as during the study 

period, many hospitals were incorporating a "staffing up" model in the weeks immediately 

following go-live. If this were the case, adverse events and unintended consequences might 

be most amplified in the 30-90 day range. This should be mentioned in the limitations as 

well as a call for future work for analyses extending farther into both the short and long 

term effects of EHR implementation to see if this effect is sustained or changes. 

Furthermore, this calls into question its relevancy/relationship to past studies, e.g., Han 

2005 followed 18-months post-implementation. 

 

The reviewer is concerned about the negative effects of EHR transition in the 30-90 day range 

and questions the relevance of our study to past studies, notably the 2005 Han paper.
2
 We 



apologize for the lack of clarity in our methods and findings as this issue is addressed in the 

manuscript. First, our paper is explicitly focused on the potential disruption of EHR transitions  

within the first 6 months after the transition and therefore does address the impact within the 30-

90 day range. The 30-90 day range is included in our main analysis in Table 2, where we model 

the adjusted change in outcomes for the 90 days before and after EHR implementation for study 

hospitals versus controls. We also provide a detailed view of unadjusted outcomes by 30 day 

period in Figure 1, where there is no evidence of a significant negative effect in the 90 day 

period after implementation. 

 

We chose this 6 month time period specifically because we believe that the short-term stress and 

disruption of EHR implementation is a source of enormous concern among medical providers 

and worthy of focused investigation.  

 

The concern that our study does not examine long-term EHR effects beyond 6 months is outside 

of the scope of our analysis. The long-term impact of EHR implementation is a separate and 

worthwhile topic addressed by many other authors.
3,4
  

 

In regards to the 2005 Han paper, the authors in fact did not have an 18-month follow up period, 

but rather their entire study period was 18 months, with 12 months pre-implementation and 6-

months post. They observed a mortality increase in the first quarter immediately after 

computerized physician order entry (CPOE) implementation (see Figure 1 from the Han paper 

reproduced below):
2
 

 

 
 

Therefore, the 90-day period pre and post-implementation that we study in fact exactly mirrors 

the quarter time periods used in the Han study.  

 

Second, we agree that one limitation of our study is the lack of assessment of implementation 

strategies: we acknowledge this as our principal limitation in the Discussion beginning page 17, 

paragraph 3, writing: “The principal limitation of this study is that we were unable to fully 

explore the impact of EHR implementation stratified by implementation context, hospital or EHR 

characteristics. For example, since our data did not include significant details about the 

implementation contexts of EHR transitions in the hospitals examined (e.g., extent and length of 

training, any other simultaneous workflow changes), we were unable to assess whether specific 



organizational settings or aspects of implementation were correlated with changes in outcomes.” 

We are happy to further expand on it if the editors desire.  

 

4. Sample size power: seems adequate. However, power calculations do not appear to have 

been done a priori. This should be discussed in the limitations 

 

We did not perform a priori power calculations because given our study design, our sample size 

was fixed given the number of hospitals with “go live” implementation dates available. We 

provided the post-hoc power analysis to show that our sample size was adequate to detect a 

relatively small change in outcomes, decreasing the probability of a falsely null study. To reflect 

this, we added the phrase “post-hoc” to the power analysis section of the Methods, page 13, 

paragraph 3. 

 

5. Introduction does not mention HITECH act and its effect on EHR adoption 

 

We appreciate the reviewer’s comment, since the HITECH act is a key policy in the health IT 

movement. We chose not to specifically focus on the HITECH act, but we do note that the 

federal government's meaningful use criteria are driving hospitals to switch their EHR in a 

revised Introduction, page 6, paragraph 1: 

 

After years of slow adoption, the majority of US hospitals have now implemented an electronic 

health record (EHR) and many are now transitioning from one EHR to another.
1,5
 Hospitals are 

switching EHRs because they have outgrown first generation systems and need a comprehensive 

EHR, encompassing electronic order entry and clinical documentation among other 

functionalities, to satisfy more advanced “meaningful use” requirements set in place by the US 

government.
6
 Though evidence on the long-term impact of inpatient EHRs on quality of care and 

patient safety is robust and largely positive, few studies have addressed the short-term impact of 

EHR implementation or EHR vendor switching.
4,7–10

 

 

We believe that further discussions of the HITECH act and its effect on EHR is out of the scope 

of our study and well-covered in our references. We are happy to include further mention of this 

in the paper if the editors desire. 

 

6. Intro paragraph 2, sentence 2: should mention the broad concept of unintended 

consequences and could address usability challenges as well. 

 

We added the concept of unintended consequences as suggested in the Introduction, page 6, 

paragraph 2: “In the period immediately following EHR implementation, workflow disruptions 

created by technologies like computerized provider order entry can give rise to a wide array of 

unintended consequences such as inefficient workarounds, disruptions in continuity of care and 

other electronically-enabled errors.” 

 

7. Limitations should mention that hospitals adopting their first EHR in 2011-2012 could 

be considered majority adopters in the Diffusion of Innovation model [Rogers 1962] and, 

therefore, would be more likely to benefit from the experiences of innovators and early 

adopters. 



 

We appreciate the reviewer’s insight into this potential mechanism for why we do not observe a 

negative effect of EHR transitions. However, we do not believe that this is a limitation of our 

study, but rather a potential interpretation of our results. We are happy to include this if the 

editors desire. 

 

8. Falsification tests should be explained. 

 

We apologize for not making this clearer. To clarify, we modified the following text in the 

Methods section, page 13, paragraph 1: “To assess if any observed difference between specific 

hospitals was simply due to random variation around the estimated C3 difference-in-differences 

coefficient rather than systematic differences in the quality of EHR implementation between 

hospitals, we also conducted a “falsification test,” or a test of a hypothesis which is highly 

unlikely to be causally related to the treatment of interest.
11
 To implement the falsification test, 

we repeated the analysis of individual hospitals but instead randomly assigned a single control 

hospital in the HRR as the EHR implementing hospital (see eAppendix). In this case, since 

randomly selected hospitals are not implementing new EHRs on the same day as the study 

hospitals, we do not expect to observe a causal effect attributable to EHR implementation.” 

 

9. Ethics statement should be extended to explain IRB exemption. e.g., all data de-

identified? 

 

We added a statement that all data were de-identified in the last sentence of the Methods section. 

 

10. Table 1 would be more valuable if it included columns on adjusted outcome rates at the 

control sites as well. This would allow the reader to quickly calculate their own diff-in-diff. 

 

We believe that the reviewer is referring to Table 2, which lists outcomes for the study hospitals. 

We appreciate this helpful suggestion and have added the columns requested in a revised version 

of the table. 



Reviewer #2: Ms. Dana Connors 

 

Thank you for your thoughtful comments. 

 

1. This seems very relevant to patients and caregivers. We hear all the time about the 

implementation of EHRs and this is a valid question - whether the "focus" of caregivers is 

diverted and that patients can suffer adverse outcomes. Great concept.  

 

We appreciate the kind comments and aspire to make our research relevant and useful for 

patients and caregivers. 

 

2. The July effect and the weekend effect are mentioned - does their study correct for these 

effects?  

 

This is an important consideration, and our study design does correct for these issues. In fact, 

periodic variation in outcomes in part motivated our study design of aligning all study hospitals 

and control hospitals on the same timeline relative to EHR implementation. This has the effect of 

accounting for any periodic time effects such as weekends (which too have been attributed with 

worse patient outcomes) or the “July effect.” For instance, if all of our switches occurred in July, 

we would be comparing outcomes for the study hospitals in July versus the control hospitals in 

July. With the difference-in-differences method, any purely time-associated effects are 

subtracted out in the adjusted estimates.  

 

3. One hospital reported a more than doubling of mortality in the five months after 

implementing an EHR. (Citation 17) Their evidence seems to show that it may not have 

been due to the implementation of the EHR, but the introduction of this single case doesn't 

fit with the overall findings of the paper, and these effects aren't discussed. Maybe outside 

the scope of this paper, but these notes do seem to run counter to the findings of their study 

and further explanation of "why" would be interesting. These are noted more in the 

discussion I see.  
 

The reviewer notices a key discrepancy between our results and the controversial Han 2005 

paper discussed above. We address the reviewer’s concerns in the Discussion when we discuss 

the danger of making conclusions from single center studies like the Han 2005 paper: “These 

results illustrate that studying the effect of an EHR intervention at any single hospital is 

problematic. An evaluation of any two hospitals of the 17 we examine could come to opposite 

conclusions about the impact of EHR implementation. These findings may help explain the broad 

diversity of often conflicting results of single institution studies in the prior EHR literature.” 

(Discussion, page 17, paragraph 2).  

 

We chose not to directly address the Han 2005 paper for a couple of reasons: 1) our study is not 

meant to be a critique of this paper but rather a broader look at EHR transitions, 2) we feel that 

drawing attention to this single study overemphasizes it given its single center focus. If the 

editors would like us to more directly address this issue we are happy to. 

 

4. I see they identified hospitals in subgroup analyses, but are there different results 



between their two criteria: hospitals which implemented EHRs and hospitals which 

switched to a new one? As a patient, am I better off seeking treatment at a hospital that has 

just implemented an EHR, or one that has just switched vendors?  
 

Thank you for this comment. We address this question in Figure 2 of the manuscript, which 

shows that across all of these subgroups and outcomes, there are no significant differences across 

the different subgroups. However, to add clarity to this point, we addressed this finding more 

directly in the Discussion, page 17, paragraph 1, by adding the following text: 

 

In our pre-specified subgroup analyses, we also did not find any evidence for negative clinical 

consequences by type of EHR implementation (new implementation vs vendor switch) or patient 

mortality risk. 

 

5. Might these results be different for different demographic patient populations? They 

used Medicare data, but in facilities that see largely privately insured patients, would the 

hospital be more or less equipped to manage their patients and the EHR implementation? 

Possibly another study.  
 

This is an interesting question and one that we considered. In the manuscript, we compare the 

impact among sicker patient populations. Our hypothesis was that they would be most likely to 

be susceptible to problems that come from the EHR transition. However, we chose not to pursue 

further patient subgroup analyses because we have no theoretical underpinning to suspect that 

one patient group may be more or less vulnerable to potentially negative consequences from 

EHR transitions besides the different mortality subgroups we examined. As for the possibility of 

facilities that see fewer Medicare patients, we believe that this is unlikely to be an important 

explanation for more or less successful EHR transitions because Medicare patients comprise a 

disproportionate share of admissions due to their age and illness levels. Therefore, there are few 

hospitals that do not serve a large proportion of Medicare patients. 

 

6. Also possibly another study, but their results beg the question of whether Epic systems 

are simply easier to implement. If the 14 epic sites were implementing product from a 

different vendor, would the results change? Maybe that's for marketing folks to figure out, 

but as a patient, I think it would be relevant to me to know if I'm admitted to a hospital 

that is implementing an Epic EHR I have less to worry about statistically than if I'm 

admitted to one implementing an EHR from Cerner.  
 

We also find this to be a very interesting question, but unfortunately it is out of the scope of this 

study. This is because with 17 study hospitals, we unfortunately do not have enough non-Epic 

transition patients to perform a robust subgroup analysis comparing Epic to non-Epic transitions. 

Further research comparing the relative quality and efficiency of hospital implementing EHRs 

from different vendors is definitely needed. 

 

7. Further discussion of advanced planning and clinical resiliency would be beneficial to 

readers planning to implement.  
 

We appreciate this suggestion. We unfortunately do not have qualitative data on how each of the 



individual institutions in our study prepared for EHR transitions, which would be valuable to 

readers planning to implement. Our study was intended to be a national analysis of whether EHR 

transitions lead to adverse patient outcomes using a rigorous study design based on “go-live” 

dates and a wealth of data on patient characteristics and outcomes in Medicare data. The fact that 

we find no effects of such arguably large disruptions merits further qualitative analysis of what 

hospitals have in fact done to achieve this result. To capture the spirit of your recommendation, 

in the Discussion beginning page 17, paragraph 3, we have added:  

 

The principal limitation of this study is that we were unable to fully explore the impact of EHR 

implementation stratified by implementation context, hospital or EHR characteristics. For 

example, since our data did not include significant details about the implementation contexts of 

EHR transitions in the hospitals examined (e.g., extent and length of training, any other 

simultaneous workflow changes), we were unable to assess whether specific organizational 

settings or aspects of implementation were correlated with changes in outcomes. 

 

8. I may have missed a note on geographical distribution of the hospital regions that were 

studied, but this may bear mentioning in the limitation if the sites were geographically 

localized.  
 

Thank you for this comment. Given this and other reviewers’ comments, we have produced a 

map showing the geographical distribution of the 17 study hospitals and the hospital referral 

regions comprising the areas for the control hospitals, which we include in the appendix as a 

supplement to eTable 1 in eFigure 1. This map shows the diverse distribution of hospitals across 

the US. The figure is also reproduced here: 

 

 
The location for each study hospital is shown by the red points, with the shaded blue areas 

indicating the hospital referral regions from which control hospitals were drawn. Note that for 
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San Francisco and East Chicago, the control regions are very small due to the high population 

density in these urban areas. 

 

9. I think the first word in this sentence of the abstract should be "The": This purpose of 

this study was to assess the short-term impact of inpatient EHR implementation on patient 

outcomes of mortality, readmissions and adverse safety events.  
 

Thank you. We modified the abstract as suggested by the reviewer.  

 

  



Reviewer #3: Mr. Enrico Capobianco 

 

Thank you for your thoughtful comments. 

 

1. Reproducibility: the control group is constructed on the basis of HRR (hospital referral 

region), which makes the study very localized …This is reasonable and probably 

questionable without running a bit of sensitivity analysis around it, considering that it is 

more critical approaching the startup period than moving on with time. In a scenario of 

achieved stabilization, say, the expectation is probably different from the one which may 

present under shorter time-frames, and this would also be dependent on the conditions 

taken into consideration.  
 

We interpret the reviewer’s comment here as raising two concerns: that the geography of study 

and control hospitals potentially biases our results, and that given this issue, results may differ 

depending on whether short-term or long-term effects are being studied. As for the first issue, the 

map above in addition to eTable 1 should more clearly demonstrate that our group of study 

hospitals is actually quite geographically diverse, representing all four major census regions of 

the US (West, Midwest, South and Northeast). We further address the issue of the external 

validity of our study sample of 17 hospitals above in our response to reviewer #1, comment #2.  

 

We also believe that the geographical design of our study is not an important cause for bias in 

our results. The difference-in-differences approach we use of comparing selected hospitals to 

geographically defined controls is a well-accepted technique used in many highly cited 

evaluations of major initiatives, such as major payment reforms in the US.
12–14

 There is also no 

reason to believe that our choice of time period for study influences the validity of our results 

given our study design. As can be seen in Figure 1 and the appendix Figures 5-7, our outcome 

results were stable without a clear difference attributable to the timing of EHR transition. Our 

difference-in-differences model formalizes this comparison, but as expected, does not change the 

major conclusion that EHR transitions have no clinically significant effect. 

 

2. Chronic conditions and diagnostic categories are necessarily selected, and thus results 

hold conditioned to the choice that was made.  

 

The chronic conditions that we selected have a longstanding history in clinical and health policy 

research and encompass a broad array of comorbidities that have been used explain differences 

in illness burden between populations.
15
 Moreover, they are defined by the US Centers for 

Medicare and Medicaid Services in the organization’s Chronic Condition Warehouse file, not by 

us. Therefore, these conditions should not be viewed as specifically selected by us. In addition, 

we also did not choose the diagnostic categories for admissions, but used a well-accepted 

categorization defined previously. Specifically, we use these 25 categories (“major diagnostic 

categories”) instead of the ~900 diagnosis-related group codes used by Medicare because of the 

constraints of overfitting our models. We clarify this in the Methods “Covariates” subsection: 

 

From the Chronic Condition Data Warehouse database, we determined at the start of each 

calendar year the presence of 14 chronic conditions.
15
 At the admission level, we collected 

information on the length of stay for each index admission and using the reported Diagnosis-



Related Group categorized each admission into 25 mutually exclusive previously defined major 

diagnostic categories.
16
 

 

3. Logistic regression as a model is an acceptable choice as a baseline. Something more 

sophisticated to treat the covariates structure is not presented.  

 

We appreciate the reviewer’s attention to our statistical approach. We are unsure whether there 

was a specific issue the reviewer had with our covariate structure. We believe we have made 

conventional and well-accepted choices about how to define our covariates that have been used 

in many other high-quality studies. If the editors would like to request a specific change of 

sensitivity analysis around our covariate definitions, we are happy to do so. 

 

4. Generalizability: specific organization details were not investigated in their correlation 

with outcomes (and this is an important aspect for policy makers, as given the hospital 

dimension taken into consideration (>150 beds) it would be extremely important to infer 

about the most efficient conditions under which the translation occurs smoothly).  
 

Thank you for raising this point. This is an important concern and one that we considered 

seriously in this study. As we emphasize in our limitations in the Discussion, page 17, paragraph 

3: “The principal limitation of this study is that we were unable to fully explore the impact of 

EHR implementation stratified by implementation context, hospital or EHR characteristics.” 

Because we only examined 17 study hospitals, we believed that performing multiple subgroup 

analyses by hospital characteristics would be far more likely to reveal false positives than true 

relationships between implementation success and hospital characteristics. As we show in 

eFigures 3 and 4, there is substantial heterogeneity in outcomes post EHR transition in the study 

hospitals, but also in randomly selected control hospitals. This gave us significant caution in 

pursuing further post-hoc subgroup analyses.  

 

To clarify this limitation, we have added the following to the Discussion, page 18, paragraph 1: 

 

Also, our study sample of 17 hospitals limited our statistical power to make multiple 

comparisons between outcomes and different hospital characteristics. 

 

5. At the territory level, heterogeneity is mitigated by the choice of hospital size, but this 

leads to an important consideration. Patients' conditions may require a more or less 

specialized health facility or structure, and relatively large size of the hospital is probably 

not the only parameter needed. Thus, an accurate choice of covariates is required for 

generalizability to be safely considered. 

 

We interpret the reviewer’s comment here as raising a concern that our models may suffer from 

omitted variable bias due to the heterogeneity of hospitals included in our study group. This is 

always an important concern in observational studies. We attempted to include every observable 

variable we had access to that might explain mortality, readmissions or safety events. The 

variables that we included have been used in a multitude of high quality studies using Medicare 

data in the last decade. Nonetheless, we can specifically address the reviewer’s concerns by 

including hospital fixed effects in our models as a sensitivity analysis. This has the effect of 



controlling for any observable or unobservable confounding present at the hospital level. We 

performed this sensitivity analysis, replicating the models in Table 2 with our baseline models 

used in the paper and with hospital fixed effects. As can be seen in the new eTable 2 reproduced 

here, adding hospital fixed effects made no difference to our main results.  

 
eTable 2: Sensitivity analysis of difference-in-differences analysis with hospital fixed effects 

 

  Baseline Model* 
Baseline Model + Hospital 

Fixed Effects** 

  

Adjusted OR - 

Post vs. Pre-

Implementation 

p-value*** 

Adjusted OR - 

Post vs. Pre-

Implementation 

p-value*** 

30-Day     

Mortality 
1.07 0.08 1.07 0.07 

30-Day     

Readmissions 
0.98 0.38 0.98 0.41 

PSI-90 Rate        1.09 0.22 1.10 0.31 

 

Abbreviations: PSI-90 (patient safety indicator 90, see Methods) 

* Baseline model refers to difference-in-differences model used and described in Table 2 in the main 

manuscript. 

** Hospital fixed effects included a indicators for whether an admission occurred in any of the individual 

study or control hospitals (n = 416). 

*** P-values estimated from a difference-in-differences model comparing the change for each time period 

relative to the baseline period (1 to 90 days before implementation date) between the EHR 

implementation hospitals and control hospitals in the same HRR as the study hospital. All models 

adjusted for age, sex, race, original reason for Medicare eligibility, major diagnostic category for 

admission and length of stay (for PSI-90 outcome only). 

 

We reference this sensitivity analyses in our Methods, page 12, paragraph 1: 

 

We performed a sensitivity analysis of the model above that also included hospital fixed effects, 

which did not appreciably change our main results (eTable 2). 

 

Reviewer #4: Dr. Laurence McMahon 

 

Thank you for your thoughtful comments. 

 

1. The chief concern with the manuscript is the lack of underlying theory and motivation 

for the analysis. The authors note, “Not surprisingly, many have raised concerns that EHR 

implementation may adversely impact patient safety and efficiency in the weeks to months 

following transition." It is not clear that unspecified and unfocused concern is an adequate 

motivation to conduct a study without a strong theoretical model that links a change in the 

process of communicating and documenting to demonstrable changes in patient outcomes. 
 



We appreciate the reviewer’s comments on the theoretical underpinning of our study. We agree 

that any robust analysis must have a hypothesis rooted in a logical theory that can be assessed 

directly. We have better bolstered our theory in the introduction and provided a motivation for 

our analysis that is quite specific. Specifically, the following observations comprise the theory 

motivating our analysis: 

 

1) Implementing a new EHR is an organizationally disruptive event that beyond the disruption 

itself can introduce new, unintended electronically-enabled errors. These observations are 

reflected in 10 references from #9-18 in the main manuscript. Potential adverse events associated 

with EHR transitions have been widely speculated (and supported by a single study noted below, 

Han et al., 2005) based on conceptual concerns that the transition can be highly disruptive to 

clinical workflow in a number of ways.  

 

For instance, all clinical processes that rely on either an electronic medical record or 

computerized order entry are disrupted. Specifically, disruptions in the ability to access the 

electronic medical record imply difficulty obtaining prior labs, imaging, consultation notes, 

admission and discharge reports, etc. Similar disruptions may occur in documentation and billing 

process itself, which could distract attention away from direct patient care (as physicians and 

other staff learn how to document care under the new system). Also important are disruptions to 

computerized provider order entry. It is highly plausible that errors in entry of labs, medications, 

imaging, and other services may occur during the transition period (there is certainly ample 

evidence of this in two recent EHR implementations in the authors’ own hospitals).  

 

2) One particularly controversial paper (reference #19), highlighted by 3 of the reviewers, Han 

2005, has caused a high degree of alarm by reporting significantly increased mortality shortly 

after CPOE implementation.  

 

3) These concerns are conceptually plausible given that less disruptive transitions such as off-

hours admissions and the “July effect” in the US have negative consequences for patient safety, 

supported by extensive literature (references #20-25).  

 

To bring together these observations from the introduction into a clearer statement of theory, we 

have now modified the introduction to read (beginning page 6, paragraph 2): 

 

Implementing a new EHR or switching EHRs is likely one of the most disruptive 

predictable events a hospital can experience, affecting practically every employee and workflow 

at a hospital.
9–14

 In the period immediately following EHR implementation, workflow disruptions 

created by technologies like computerized provider order entry can give rise to a wide array of 

unintended consequences such as inefficient workarounds, disruptions in continuity of care and 

other electronically-enabled errors.
15–18

 Quality may also suffer because providers may be 

distracted by the abrupt change in how they retrieve labs, consultation notes, and prior 

admission/discharge documentation and how they document their care. Not surprisingly, many 

have raised concerns that EHR implementation or switching may therefore adversely impact 

patient safety and quality in the weeks to months immediately following transition.
9–13,19

 One 

hospital reported a more than doubling of mortality in the five months after activating a new 

computerized physician order entry module, a key component of EHR implementation.
19
  



 The concern that an EHR transition might lead to harm is also plausible given that 

presumably less disruptive workflow changes such as admissions on the weekend or the “July 

effect” of new trainees starting in a hospital, have been shown to have a significant negative 

impact on patient outcomes such as mortality.
20–25

 For example, the “weekend effect” has been 

reported to be associated with a 20% increase in the rate of adverse patient safety events.
20
 

Understanding the impact of EHR implementation on short-term outcomes is crucial to assess 

whether the processes that hospitals employ to mitigate the clinical disruption of EHR 

transitions are sufficient. 

 

2. The authors note, “One hospital reported a more than doubling of mortality in the five 

months after implementing an EHR". In fact, this paper did not report on an EHR but 

rather a computerized physician order entry system. Moreover, the authors of that paper 

note that a different group of investigators within their hospital noted improvement in 

mortality during that same time period raising issues about the veracity of their claim.  
 

We apologize for equating EHR implementation with CPOE implementation in the Han 2005 

paper and have corrected this in the introduction. However, we note that CPOE is considered a 

central component of any comprehensive EHR transition and therefore our analysis should be 

viewed as a test of disruptions arising from both transitions to a new electronic medical record 

(which entails new forms of data retrieval of patient information and new methods of care 

documentation) and transitions to a new form of computerized order entry. While we agree with 

the concerns with the Han study, we note that it has been cited over one thousand times in the 

academic literature according to Google Scholar in May 2016. This level of interest emphasizes 

the widespread concern about the short-term impact of disruptions in IT infrastructure at a 

hospital. 

 

3. The authors do not make a strong case for a mechanism underlying changes in 

documentation leading causally to a change in undifferentiated mortality, undifferentiated 

readmissions, and hospital complications such as the development of decubitus ulcers. 

Although the authors have utilized robust methods, the underlying theory and causal 

pathways are insufficiently developed to warrant an analysis of the type provided. 

 

As noted above, our study focuses on EHR transitions which include both an electronic medical 

record component and a computerized order entry component. As we outline above, disruptions 

to both of these could conceptually lead to adverse outcomes. Regarding the comment about 

“changes in documentation,” we believe that you may be equating EHR transition with an 

evaluation of an electronic documentation system. As noted above, EHRs have multiple different 

components and we are not evaluating any individual piece, but rather wholesale EHR 

implementations that involve at least the definition of “basic” EHR defined by the federal 

government. We make the distinction between EHR as simply a documentation vehicle versus a 

comprehensive suite of functions in the Introduction, page 6, paragraph 1: 

 

Hospitals are switching EHRs because they have outgrown first generation systems and need a 

comprehensive EHR, encompassing electronic order entry and clinical documentation among 

other functionalities, to satisfy more advanced “meaningful use” requirements set in place by the 

US government.  



Reviewer #5: Dr. Robert Wears 

 

Thank you for your thoughtful comments. 

 

1. Given that the majority of care delivery organisations have already installed EHRs, (the 

great majority, at least in the US, anew), is this study even needed now? The horse is out of 

the barn. The notion that we may have dodged the bullet is reassuring, but does anyone 

care now? This comment does not reflect on the validity of the paper, but rather on its 

interest for readers. 

 

The reviewer makes an important point about the potential interest of this topic to our readers, 

which we now better motivate. We believe that our study will be of great interest to readers 

because even though many hospitals have implemented their first wave of EHRs, a whole new 

wave of hospitals are outgrowing their legacy systems and switching vendors to new EHRs.
6
 

These vendor changes can be just as disruptive as moving from paper to electronic.
22
 We 

attempted to make these points in the introduction, but they were underemphasized. To highlight 

the continued relevance of understanding EHR transitions, we have now made the following 

changes to the Introduction, page 6, paragraph 1: 

 

 After years of slow adoption, the majority of US hospitals have now implemented an 

electronic health record (EHR) and many are now transitioning from one EHR to another.
1,5
 

Hospitals are switching EHRs because they have outgrown first generation systems and need a 

comprehensive EHR, encompassing electronic order entry and clinical documentation among 

other functionalities, to satisfy more advanced “meaningful use” requirements set in place by the 

US government.
6
 Though evidence on the long-term impact of inpatient EHRs on quality of care 

and patient safety is robust and largely positive, few studies have addressed the short-term 

impact of EHR implementation or EHR vendor switching. 

 Implementing a new EHR or switching EHRs is likely one of the most disruptive 

predictable events a hospital can experience, affecting practically every employee and workflow 

at a hospital. 

 

2. The outcomes in this study are very distal, and may not be sensitive to disruptions in 

care processes which are potentially hazardous but are compensated for by greater effort 

from the care delivery organisations and front-line providers. The PSI measure in 

particular has been criticized as insensitive [1]. 

 

We agree with the reviewer that the use of mortality and readmissions as outcome measures has 

the possible flaw of being “distal” to the potential changes induced by EHR transitions. 

However, we would argue that in the end, mortality and readmissions are the two most important 

patient-centered outcomes that we could assess and in fact have been the primary measures for 

pay-for-performance and public reporting programs in the US. In the end, if something does not 

increase mortality or readmission rates, it is arguably not causing extreme harm. There are, of 

course, many other important outcomes which may more directly respond to EHR transitions, 

but as we acknowledge in the limitations section in the Discussion on page 18, there is limited 

ability to measure these outcomes with administrative claims data. Nonetheless, given that our 

study is the first comprehensive and national study of this issue and uses a rigorous quasi-



experimental study design, we believe quality measures such as mortality and readmissions are 

important to assess. 

 

As for the PSI-90 measure, we believe that it is important quality measure to assess but we agree 

that this measure is flawed like all measures and may be insensitive. For this reason, we 

designated it as a secondary outcome and acknowledged the limitations of the measure in the 

Methods on page 10. 

 

3. Hospitals typically anticipate and attempt to compensate for the disruptions occasioned 

by the deployment of a new EHR. That they are successful in this is laudable, but is not 

necessarily an endorsement of the EHR; they could presumably similarly compensate for 

hurricanes or other anticipated stressors. Similarly, front-line providers are sensitive and 

responsive to disruptions in care trajectories, and often able to compensate for them [2]. 

Successful compensation tends to remove the evidence of potential harm; the paper should 

acknowledge this problem. One can imagine an edict that caregivers must always stand on 

one leg – doubtless mortality would not increase, but that would not be evidence that two 

legs are important. 
 

The reviewer makes an excellent point about the effort that hospitals may be exerting “under the 

surface” of the null effect that we observe. To acknowledge this possibility, we added the 

following language to the Discussion, page 17, paragraph 1: 

 

For example, hospitals may exert a large and costly amount of effort to compensate for the 

disruption of EHR transitions and to maintain the stable patient outcomes that we observed. Our 

findings should be reassuring to hospitals and physicians who are considering or planning an 

EHR implementation in the near future. 

 

Although it is outside of the scope of our study, we believe that further qualitative work would 

be useful to better understand what specific process hospitals implement to buffer the disruptions 

of an EHR transition. 

 

4. The paper compares admissions in the target hospitals to previous periods at the same 

hospitals, but pointedly avoids comparison to the control hospitals, in contrast to the other 

comparisons in the study. Since hospitals commonly reduce clinic visits, elective 

procedures, etc, in anticipation of a “big bang” go-live, this comparison would be 

important. This shift in comparator tends to give the sense the authors are favourably 

biased towards the notion of EMR installation as being a non-event; this may not at all be 

true, but the paper should try to avoid giving that impression.  
 

We appreciate the reviewer’s suggestion and based on this feedback, we updated eFigure 1 in the 

appendix to include the EHR implementation year and prior year for both EHR implementing 

hospitals as well as control hospitals. By including this control group, we find that in fact, 

volume appears to have gone down in the control hospitals as well, potentially reflecting the 

general decrease in Medicare admissions volume over time.
33
 We edited the mention in the 

Results of decreased admissions volume in the EHR implementing hospitals to also include the 

control hospitals on page 14: 



 

There were fewer admissions in the post-implementation period in both the study and control 

hospitals (Table 1 and eFigure 1). 

 

5. The detail in the appendices is a delight to reviewers – the authors should be commended 

for this additional effort. It only adds to the credibility of the work.  
 

We thank the reviewer for his kind words and are glad that our efforts were of value. 
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