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VERSION 1 - REVIEW 

REVIEWER James Rudolph 
Brown Medical School, Providence RI, USA 

REVIEW RETURNED 05-Jun-2016 

 

GENERAL COMMENTS The manuscript by Eide et al utilizes a prospective cohort of AVR to 
examine the relationship between delirium and the outcomes of 
death or first time readmission. The population underwent surgical 
aortic valve replacement or TAVI. Using a proportional hazards 
model, the study found a strong relationship (adj HR 2.9) between 
delirium and the combined outcome. This is a well-written 
manuscript, but would benefit from additional clarification.  
 
1) Assessment of delirium  
The overall delirium rate seems high in both TAVI and SAVR. Could 
the authors please clarify the assessment of delirium? The CAM has 
highest sensitivity and specificity after standardized mental status 
testing. If not, then the training of the delirium assessors should be 
described. Additionally, was there inter-rater reliability testing? Did 
the assessor every compare to a gold standard? Is there a measure 
of delirium serverity? How about duration of delirium?  
 
2) Outcomes  
Could the authors clarify the reason for combining the readmission 
and mortality outcomes? Are the two outcomes inter-related? Was 
this outcome selected a priori?  
 
3) Statistical Analysis  
Could the authors clarify if the assumptions of the proportional 
hazard model are satisfied with this study? How are the variables 
that were included in the multivariable model selected? Would it be 
possible to examine for the effects of co-linearity?  
 
My largest challenge with this cohort is the presence of effect 
modification. Because SAVR and TAVI are fundamentally different 
procedures, they have fundamentally different delirium rates and 
outcomes. Have the authors considered an analysis for effect 
modification?  
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Figure 1  
Has Figure 1 been published elsewhere? While important, it is 
highlighting the effect modification. Based on the hypotheses of this 
manuscript, this figure should include the delirium rates, at the very 
least  
 
Figure 2  
Could the authors re-evaluate Figure 2? The text is very hard to 
read. Additionally, I am not sure of the additional value. Perhaps this 
could be considered as an online figure.  
 
Table 2  
Was table 2 used for model selection? How were differences 
between 30 and 180 day outcomes considered in the model?  
 
Discussion:  
I appreciate the discussion about generalizability in Western Norway 
and this is correct. However, the audience of BMJ is more 
international. Would the authors consider describing some of the 
features of this study that are generalizable beyond Western 
Norway, (such as an aging, female population, SAVR/TAVI 
procedure consistency, highly morbid population, etc)?  
 
Would the authors consider including strengths and limitations to this 
work? 

 

REVIEWER Hiroyuki Kamiya 
Sakura Clinic  
593-1 Dainichi, Yotukaidou, Chiba, Japan 284-0001 

REVIEW RETURNED 21-Jun-2016 

 

GENERAL COMMENTS Overview  
This is a hospital-based prospective study in a region with a 
population of 1.3 million. Researchers recruited all eligible 
participants consecutively and evaluated the factor of interest 
(delirium) according to the established criteria. All participants were 
completely followed-up (confirmed by a registry) and the association 
of delirium with the outcome was analyzed. The purpose of this 
study is explicit and the study is well designed to reveal the influence 
of delirium after cardiac surgery or procedure on death or 
readmission for elderly patients.  
However, there are some concerns regarding drawing a conclusion 
from this study that delirium after cardiac surgery or procedure is 
associated with death or readmission after discharge.  
1. confounders  
Important potential confounders were not included in the analysis. 
Although authors analyzed clinical information such as MMSE at 
admission as potential cofounders, it is reasonably assumed that the 
outcome such as mortality and readmission will be influenced more 
by the health status at discharge from the hospital rather than at 
admission. Therefore, authors should consider several factors at 
discharge including activity, mental status and cardiac function. In 
addition, other clinical information, which could be associated with 
the occurrence of delirium, should also be described such as 
complications after surgery or procedure and duration of stay in ICU. 
The information as to living environment after discharge may also be 
important. For example, if patients live at home by themselves after 
discharge, they may return to the hospital for minor health problems 
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while patients may be transferred to the hospital only for major 
health problems if they live at a nursing home. It is preferable that all 
of these information would be presented as a table depending on the 
presence of delirium since any difference between two groups with 
and without delirium could affect the interpretation of the result and 
must be the subject of interest.  
2. Outcome  
Mortality, a component of a primary outcome, is confusing. Does this 
mean all-cause death before or without readmission such as a traffic 
accident and suicide or include patients who decided to die at home 
or care-center for any health issues? Please specify each case of 
mortality. If the former is the case, a composite outcome of mortality 
or readmission is inappropriate as they have a different significance. 
In this case, I suggest that mortality before readmission would be 
handled as “censored” as we are not sure if they were admitted to 
the hospital if they were alive. In addition, the decision to readmit 
patients may be arbitrary and the outcome of readmission could be 
biased. Therefore, authors should explain how readmission was 
determined, especially whether or not blinded judgement for 
readmission was secured.  
3. Analysis  
It is a good practice to analyze the association of delirium with the 
outcome stratified by the type of therapeutic procedures as the 
method to reduce the number of covariates in the analysis or to deal 
with a violation of proportional hazard assumption. Please describe 
the reason why a stratified Cox regression model was fitted. 

 

VERSION 1 – AUTHOR RESPONSE 

Reviewer: 1  

Reviewer Name: James Rudolph  

Institution and Country: Brown Medical School, Providence RI, USA  

Competing Interests: None Declared  

The manuscript by Eide et al utilizes a prospective cohort of AVR to examine the relationship between 

delirium and the outcomes of death or first time readmission. The population underwent surgical aortic 

valve replacement or TAVI. Using a proportional hazards model, the study found a strong relationship 

(adj HR 2.9) between delirium and the combined outcome. This is a well-written manuscript, but 

would benefit from additional clarification.  

1) Assessment of delirium  

The overall delirium rate seems high in both TAVI and SAVR. Could the authors please clarify the 

assessment of delirium? The CAM has highest sensitivity and specificity after standardized mental 

status testing. If not, then the training of the delirium assessors should be described. Additionally, was 

there inter-rater reliability testing? Did the assessor every compare to a gold standard? Is there a 

measure of delirium serverity? How about duration of delirium?  

Response:  

The majority of postoperative assessments of delirium were performed by the first author based on 

the article by Inouye et al. 1990. The first author was also responsible for performing baseline 

evaluation of cognitive function of included patients. These assessments provided a global picture of 

the patient before surgery or intervention and allowed the identification of the core features of delirium 

in terms of acute and fluctuating changes in attention, disorganized thinking and altered level of 

consciousness during the first five postoperative days. The first author also reviewed medical, nursing 

and physiotherapist’s reports from the previous 24 hours and had informal meetings with health 

providers in charge of included patients. We also aimed to perform the assessments at around the 

same time of the day (at noon), as it was reported in the first article from the CARDELIR-study (Eide 

et al. Am J Cardiol. 2015, 115(6):802-9).  
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This combined approach (interview and chart-based method) maximized identification of cases of 

delirium in our cohort, as it was also pointed out by Saczynski et al 2014 (J Am Geriatr Soc 62:518-

524): “A method that combines interview and chart-based methods maximized identification of cases 

of delirium and should be considered in future work.” (Page 522). Besides, our population group has 

several risk factors that would also explain the high incidence of delirium (age 80 years-old and older, 

several comorbidities and cardiac surgery or intervention).  

A limitation of our study is the lack of inter-rater reliability measurement. Even though the majority of 

assessments were performed by the first author, there were cases (i.e. some weekends and 

holydays) where other members of the research team were responsible for using the CAM. These 

members have their clinical practice at the Department of Heart Disease and they participated in 

regular information meetings regarding delirium given to health care providers in our department. 

These members of the team also received one-on-one sessions with more extensive knowledge 

regarding delirium, including several examples about its features and explaining the use of CAM. 

Informal meetings were conducted by the time the first author returned for discussing the cases and 

for reevaluating the patients. This information has been included in the new version of the manuscript 

(pages 8 and 9, lines 168 – 173).  

Another limitation of our study is the lack of evaluation regarding the severity of delirium. However, by 

the time CARDELIR was designed, we considered that the battery of instruments and measurements 

was extensive enough in view of the aims of the study and the age of our patient group.  

Information regarding the length of delirium was provided in our first article (Eide et al. Am J Cardiol. 

2015, 115(6):802-9). Briefly, the average number of days with delirium for patients treated with SAVR 

was 1.5 days and for patients treated with TAVI, 1.1 days. This information can now be read on page 

12, lines 236 - 238 of the manuscript.  

2) Outcomes  

Could the authors clarify the reason for combining the readmission and mortality outcomes? Are the 

two outcomes inter-related? Was this outcome selected a priori?  

Response  

It was stated a priori to determine if the presence of delirium could predict survival in octogenarians at 

one and six-month follow-up after SAVR or TAVI, as it can be found in the protocol of the CARDELIR-

study. However, when data collection was completed, it became clear that the mortality rates in our 

population group were too low to perform survival analysis (one patient died within the first-month 

after discharge and eight were dead within the first six months). We therefore used the combined 

outcome readmission/mortality. The two outcomes are inter-related (death is a competing risk for 

readmission).  

3) Statistical Analysis  

Could the authors clarify if the assumptions of the proportional hazard model are satisfied with this 

study? How are the variables that were included in the multivariable model selected?  

Response:  

As pointed out in our manuscript (Pages 13 - 14, lines 275 - 2899), our initial analyses revealed that 

the effect of delirium was not well described by a Cox proportional hazard model. Examination of 

Schoenfeld residuals indicated that the effect of delirium on hazard diminished over time, and that this 

was particularly pronounced starting about 60 days after initial discharge. This explains why a model 

using a factor for a time-dependent effect of delirium was used. In this model, the effect of delirium 

was constant up to 60 days (i.e., assuming proportional hazards up to this time point) and then linear 

with time from 60 days to 180 days (as shown in Table 3). This approach greatly improved the model 

fit. A global test of model fit did no longer indicate any departure from the model assumptions (P = 

0.59, as compared to P = 0.02 for the initial proportional hazard model assuming no time-dependent 

effect of delirium).  

The modest sample number (n = 136) together with the number of patients who actually developed 

delirium limited the amount of variables that could be included in the multivariate model. Baseline co-

morbidity (Charlson co-morbidity index) and cognitive function (MMSE) were selected based on 

clinical experience and the extensive amount of literature showing an association between co-
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morbidity and cognitive function on mortality as stated in the manuscript on page 9, lines 189 – 191. 

We stratified by treatment to take into account any other changes in the baseline hazard function 

between the two treatment groups.  

 

Would it be possible to examine for the effects of co-linearity?  

Response:  

We have examined (generalized) VIF values for the model, and found no problems with co-linearity 

(all VIF values were < 2).  

 

My largest challenge with this cohort is the presence of effect modification.  

Because SAVR and TAVI are fundamentally different procedures, they have fundamentally different 

delirium rates and outcomes. Have the authors considered an analysis for effect modification?  

Response:  

We agree with the reviewer regarding SAVR and TAVI being fundamentally different procedures with 

different delirium rates and outcomes. Information regarding these differences were presented in 

articles 1 and 2 of the CARDELIR-study (Eide et al. Am J Cardiol. 2015, 115(6):802-9 and Eide et al. 

J Am Geriatr Soc. 2016 Jun;64(6):1178-86). In the current manuscript we intend to determine if 

postoperative delirium can predict the risk of first-time readmissions and mortality in octogenarians 

after SAVR or TAVI. Even though we are using a sample consisting of patients treated with SAVR or 

TAVI, our main interest lies on delirium as it is stated in the hypothesis of our manuscript (page 6, 

lines 105 - 106): “We hypothesised that delirium leads to higher rates of readmission and mortality.“  

For comparison, we have now also performed separate analyses for the TAVI and SAVR groups, and 

found no evidence of effect modification. The effect of delirium, which was HR 2.93 for the first 60 

days and per-day time-dependent effect of 0.97 in the original analysis, was estimated to 3.03 and 

0.98 for the TAVI group and 2.80 and 0.96 for the SAVR group. So the predictive effect of delirium 

seems to very similar between the two treatment groups.  

We have not been able to calculate a P-value for this effect modification, but for the simpler (non-

stratified) Cox-model with an interaction between treatment and the (time-dependent) effect of 

delirium, the P-value was 0.84, again not showing any evidence of effect modification.  

 

Figure 1  

Has Figure 1 been published elsewhere? While important, it is highlighting the effect modification. 

Based on the hypotheses of this manuscript, this figure should include the delirium rates, at the very 

least  

Response  

A similar figure was published in the first article of the CARDELIR-study (Eide et al. Am J Cardiol. 

2015, 115(6):802-9). However, the mentioned figure showed patient flow until they were treated with 

surgery or intervention (N = 143). In the present manuscript, we continue to follow the STROBE 

guidelines by showing the flow of patients who were assessed for delirium and discharged from the 

hospital (n = 137) together with those who were available for analysis (n = 136). We agree that the 

delirium rates in each treatment group should have been included and have done so in the updated 

version of the article.  

Figure 2  

Could the authors re-evaluate Figure 2? The text is very hard to read. Additionally, I am not sure of 

the additional value. Perhaps this could be considered as an online figure.  

Response  

Thank you for the important input regarding Figure 2. We have shortened the length of the text inside 

the figure hoping that it will be easier to read. However, in our opinion, Figure 2 clearly shows the 

difference in readmission and death between patients with and without delirium.  

Table 2  

Was table 2 used for model selection? How were differences between 30 and 180 day outcomes 

considered in the model?  
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Response  

Table 2 was not used for model selection. This table intends to show the characteristics of patients 

assessed for delirium, according to readmissions or death 30 and 180 days after discharge from 

SAVR or TAVI (n = 136). As stated in the manuscript, the variables used in the regression model were 

chosen based on literature and clinical experience (Page 9, lines 189 –191).  

 

Discussion:  

I appreciate the discussion about generalizability in Western Norway and this is correct. However, the 

audience of BMJ is more international. Would the authors consider describing some of the features of 

this study that are generalizable beyond Western Norway, (such as an aging, female population, 

SAVR/TAVI procedure consistency, highly morbid population, etc)?  

Response:  

In this new version of the manuscript we have included information regarding generalizability together 

with strengths and limitations. This can be found on page 17, lines 357 - 362.  

Would the authors consider including strengths and limitations to this work?  

Response:  

Thank you for this valuable input. We have included strengths and limitations as follows (pages 17 - 

18, lines 357 - 370) “There are several strengths to our study, including its prospective design and the 

use of a valid and reliable instrument to assess delirium for five postoperative days. The tertiary 

university hospital in which data was collected and the low number of patients who refused 

participation (6%) provides the possibility of generalization not only in terms of the western part of 

Norway, but also in other western populations were SAVR and TAVI are offered to octogenarian 

patients. An additional strength is found in the fact that patient’s readmissions were completely 

blinded to the research team.  

The lack of randomisation is a limitation. However, since SAVR and TAVI were offered different 

treatment groups with regards to surgery risk factors, randomised design was not possible (Leon et 

al., N Engl J Med 2010;363:1597). The modest sample size has also limited the possibility of more 

analyses. Another limitation of our study lies in the lack of inter-rater reliability measurement. Even 

though the majority of assessments for delirium were performed by the first author there were cases 

(i.e. some weekends and holydays) where other members of the research team were responsible for 

using the CAM.”  

Reviewer: 2  

Reviewer Name: Hiroyuki Kamiya  

Institution and Country: Sakura Clinic 593-1 Dainichi, Yotukaidou, Chiba, Japan  

Competing Interests: None declared  

Overview  

This is a hospital-based prospective study in a region with a population of 1.3 million. Researchers 

recruited all eligible participants consecutively and evaluated the factor of interest (delirium) according 

to the established criteria. All participants were completely followed-up (confirmed by a registry) and 

the association of delirium with the outcome was analyzed. The purpose of this study is explicit and 

the study is well designed to reveal the influence of delirium after cardiac surgery or procedure on 

death or readmission for elderly patients.  

However, there are some concerns regarding drawing a conclusion from this study that delirium after 

cardiac surgery or procedure is associated with death or readmission after discharge.  

1. confounders  

Important potential confounders were not included in the analysis. Although authors analyzed clinical 

information such as MMSE at admission as potential cofounders, it is reasonably assumed that the 

outcome such as mortality and readmission will be influenced more by the health status at discharge 

from the hospital rather than at admission. Therefore, authors should consider several factors at 

discharge including activity, mental status and cardiac function. In addition, other clinical information, 

which could be associated with the occurrence of delirium, should also be described such as 

complications after surgery or procedure and duration of stay in ICU. The information as to living 
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environment after discharge may also be important. For example, if patients live at home by 

themselves after discharge, they may return to the hospital for minor health problems while patients 

may be transferred to the hospital only for major health problems if they live at a nursing home. It is 

preferable that all of these information would be presented as a table depending on the presence of 

delirium since any difference between two groups with and without delirium could affect the 

interpretation of the result and must be the subject of interest.  

Response:  

The reviewer has a valid concern. Yet, it is important to emphasize that the intention of our 

manuscript is to establish whether the development of delirium can predict first time readmission and 

mortality one and six months after discharge. If we take into consideration factors at discharge such 

as activity, mental status and cardiac function, our conclusion would not have been accurate because 

our patients were admitted in need of treatment for severe aortic stenosis. Consequently, the 

discharge diagnosis would be related to this condition. Other clinical information, that could be 

associated with the occurrence of delirium were studied in the first article of the CARDELIR-study 

(Eide et al. Am J Cardiol. 2015, 115(6):802-9).  

We agree with the reviewer regarding the need of information showing living conditions after 

discharge. We have therefore added this information on page 12, lines 238 - 239 and included an 

Appendix table showing living conditions.  

2. Outcome  

Mortality, a component of a primary outcome, is confusing. Does this mean all-cause death before or 

without readmission such as a traffic accident and suicide or include patients who decided to die at 

home or care-center for any health issues? Please specify each case of mortality. If the former is the 

case, a composite outcome of mortality or readmission is inappropriate as they have a different 

significance. In this case, I suggest that mortality before readmission would be handled as “censored” 

as we are not sure if they were admitted to the hospital if they were alive.  

In addition, the decision to readmit patients may be arbitrary and the outcome of readmission could be 

biased. Therefore, authors should explain how readmission was determined, especially whether or 

not blinded judgement for readmission was secured.  

Response:  

In our study, mortality includes all-cause death before or without readmission. Treating death as a 

“censored” would not be appropriate, as death is here a competing risk of readmission. If a patient 

dies, he/she is no longer at risk of readmission, and when the death is related to the treatment, 

delirium or illness, it would be inappropriate to treat it as censored.  

Unfortunately, we do not have access to the cause of death, and therefore cannot specify each case 

of mortality. In Norway, information regarding cause of death is managed by a specific national 

registry. Access to this registry requires an approval that we do not have and which takes a long time 

to obtain.  

Finally, note that there were few deaths (one patient died within the first-month after discharge and 

eight were dead within the first six months), so the biasing effect of any ‘non-related’ death will be 

small.  

We agree with the reviewer regarding the decision to readmit patients being somehow arbitrary. This 

explains why we rely on administrative information systems. As it has been pointed out in the 

manuscript, our patients have been referred from several local hospitals or different cardiologists and 

general practitioners with a variety of competences. Each hospital uses an administrative information 

system that is independent from each other and in order to get access to information on readmissions 

for our study patients we had to seek approval from each institution (See page 11, lines 214 – 216). 

Readmissions were completely blinded for the research team of CARDELIR. This information is now 

available on page 17, lines 362 – 363.  

3. Analysis  

It is a good practice to analyze the association of delirium with the outcome stratified by the type of 

therapeutic procedures as the method to reduce the number of covariates in the analysis or to deal 

with a violation of proportional hazard assumption. Please describe the reason why a stratified Cox 
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regression model was fitted.  

Response:  

The stratified Cox regression model was indeed fitted to reduce the number of covariates and reduce 

potential violations of the proportional hazard assumption. This was needed with our limited sample 

size. At the same time, we wanted to include a number of important covariates, mainly baseline co-

morbidity (Charlson co-morbidity index) and cognitive function (MMSE), which have been shown in 

the literature as being associated with mortality.  

We have also fitted completely separate models for the two treatment groups, to examine any effect 

modification. However, we did not find any effect modification for the predictive effect of delirium, and 

we judge the reported Table 3 to be an accurate summary of the estimated predictive effect of 

delirium on readmissions and mortality.  

 

We are grateful for the contributions made to our manuscript and hope that our responses are to your 

satisfaction. 

VERSION 2 – REVIEW 

REVIEWER James Rudolph 
Brown Medical School, USA 

REVIEW RETURNED 08-Aug-2016 

 

GENERAL COMMENTS The authors have done an excellent job with the revision of the 
manuscript  
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