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REVIEW RETURNED 15-Jan-2016 

 

GENERAL COMMENTS The authors must be congratulated on their innovative use of a well-
known statistical method used in other disciplines but never before 
applied to patient flow or what is now called "surge". Bayesian 
change-point analysis is not a new statistical method but it is a 
remarkable example of applying existing technologies or research 
methodologies to a mass casualty events resulting from the classic 
natural disaster resulting in large numbers of casualties and 
destruction of civic infrastructure. The basic rationale that lies behind 
interrupted time series analysis, modelling using Bayesian change-
point methods is actually a simple way of analyzing a sample of 
observations where the events occur randomly over a period of time 
and the investigator suspects that the rate at which events occur has 
changed somewhere over that range of time… either the event is 
increasing in frequency, or it’s slowing down — but the method is 
useful if you want to know with a little more certainty how and when 
these changes in events over time are occurring. The authors 
approach is classic beginning with charts that show time on the 
horizontal axis, and how many events occurred on the vertical axis. 
Statistical papers usually include at minimum three charts or visual 
representations of the data, the first showing an estimate the rate at 
which events (in this case, ED attendance and acute admission 
rates) occur BEFORE some event or shift occurs (in this case, the 
earthquake), the rate at which events occur AFTER the earthquake 
("the shift" or lambda), and the time when the shift happens. Even 
the term shift describes how an earthquake occurs -- shifts at point 
of contact of one or more plates that make of the surface of the earth 
with an adjacent plate that we now know as the theory of plate 
tectonics. As I said above, a truly ground-breaking contribution to 
disaster medicine research from the standpoint of research 
methodology when we are ready to analyze all the data we have 
collected at great cost.  

 on M
ay 16, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2015-010709 on 11 M

ay 2016. D
ow

nloaded from
 

http://bmjopen.bmj.com/site/about/resources/checklist.pdf
http://bmjopen.bmj.com/


 
As a disaster researcher for the past thirty years, it is at this point 
that the HARD part of the project usually begins… WHY? Why does 
it look like (i) post-earthquake, there was a sudden and persisting 
decrease in the proportion of the population attending the ED; (ii) the 
growth rate of ED attendances per head of population did not 
change between the pre and post-earthquake periods; (iii) post-
earthquake, there was a sudden and persisting decrease in the 
proportion of the population admitted to hospital; (iv) the growth rate 
of hospital admissions per head of the population declined between 
pre and post-earthquake periods; and, (v) the most dramatic 
reduction in hospital admissions growth after the earthquake 
occurred among those aged 65+ years. This is a case of applying 
appropriate statistical methods, where no errors have been made 
and where the conclusions are probably consistent with the 
statistical analysis. Unfortunately, because the results above have 
never been observed in major earthquake events (and this was not a 
truly catastrophic urban earthquake), I believe that despite a first-
rate application of new methods to analyze the data, the results lack 
"biological plausibility". The system simply was not stressed enough 
to produce the type, severity and numbers of casualties that we 
have seen in earthquake disasters. The authors never define what a 
disaster is which by definition means the system has been 
overwhelmed which clearly was not the case here. The system was 
not overwhelmed, and outside resources were only minimally 
required. I would recommend that the authors apply the statistical 
methods described here to other earthquakes in countries of similar 
socio-economic development such as the 2011 Great East Japan 
EQ looking at major urban centers such as Sendai and Fukushima, 
the 1971 San Fernando and 1994 Northridge events just north of 
Los Angeles and the 1989 Loma Prieta event that caused significant 
damage in both downtown San Francisco and further down the 
coast in Santa Cruz and Watsonville. Furthermore, the authors do 
not speculate on other potential variables for the decrease in patient 
attendances such as:  
 
1. Injury severity. In many earthquakes, the survivors who have 
been successfully extricated from a collapsed building are simply too 
debilitated to make their own way to hospital or too injured to survive 
an ambulance transfer. Surgical interventions may have to be 
performed on-site.  
 
2. What is the quality of heavy urban SAR teams in New Zealand. 
Were the entrapped successfully found, accessed, extricated and 
with proper spinal immobilization prior to being turned over to 
medical personnel at the collapse site.  
 
3. That nature of the built environment in the Canterbury environs. 
What was the number of totally collapsed multistory concrete 
structures? I suspect very few due to excellent building codes that 
are enforced resulting in tall buildings that do not collapse in a 
pancake fashion. We have a saying in earthquake medicine that 
"earthquakes do not kill people, buildings do". That is poorly 
constructed buildings that are not built to code and lack horizontal 
reinforcement.  
 
4.  Human behavior during an earthquake. Are the citizens of this 
regions taught in school and in other forums the proper life-saving 
actions to take when a building starts to shake? Research shows 
that most deaths and injuries in places with well-built construction 
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such as Tokyo and San Francisco, these are not caused by 
catastrophic structural failure but by internal components of houses 
and offices such as machinery, refrigerators, file cabinets, broken 
glass, or what are called by architects and engineers, non-structural 
elements.  
 
5. Primary care providers as described in the manuscript are simply 
not set up to care for severe trauma requiring repair of internal 
organs. In some countries, one reason for less than expected 
casualties showing up at hospital is that most died or died do to lack 
of IV fluids, or even lack of enough ambulances to transport 
hundreds if not tens of thousands as was the case in the 2010 Haiti 
earthquake.  
 
6. Most severe earthquake result in the collapse of hundreds of tall 
multi storey concrete structures as was the case in the Armenia 
earthquake of 7 December 1989. So many people were trapped, 
and even if successfully rescued later died of kidney failure due to 
rhabdomyolysis despite the international community providing 
hundreds of kidney dialysis machines complete with nursing teams 
who knew how to operate the equipment. The lack of renal failure in 
the New Zealand earthquake described here further substantiates 
my view that this was not a severe event. Certainly not even 
remotely severe enough to stress the system let alone require 
outside or international medical and SAR support.  
 
7. Finally, when I reviewed the reference section at the end, not one 
of the key landmark papers on the impact of earthquakes on urban 
trauma systems were cited. Nor were earthquakes of similar 
magnitude and intensity in similar environments in countries with 
roughly equivalent quality of emergency care mentioned. It was 
almost as if this paper looked at this one earthquake that resulted in 
a non-disaster and extrapolated the findings to all earthquakes of 
any severity impacting any country even those with no preparedness 
nor building codes, both rural and urban settings, which result in 
totally different degrees of human impact (never make conclusions if 
your sample is n=1)  
 
As a result of studying an event where the system was not stressed 
beyond coping due in part to the resources the government has 
available to create an integrated health system transformation and 
may very well have resulted in reduction of ED attendances and 
acute hospital admissions. But the results obtained in no way, shape 
or form justify the bottom-line conclusion of the study, and I quote: 
"This natural intervention experiment demonstrated that integrated 
health systems with high quality out-of-hospital care models are 
likely to successfully curb growth in acute hospital demand, 
nationally and internationally". In a true disaster (which this was not), 
I believe that hospital emergency departments, surgical capacity and 
in-patient services are never enough. That is why the concept of 
"surge" capacity is now front and forward as part of civilian disaster 
medicine doctrine.  
 
Let me end on a positive note. The application of Bayesian change-
point analysis to quantify changes in patient "surge" is something I 
have never read being performed on data collected in a study of the 
public health consequences of earthquakes. I was so impressed. My 
recommendation is to establish collaborative work with well-
established earthquake casualty researchers who may have data 
sets from L.A., San Francisco, Japan, Italy, Turkey and Greece and 
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apply this method to the data from "real" disasters that have 
impacted highly developed countries with health care systems not 
dissimilar to what has been implemented in New Zealand. 

 

REVIEWER Adrian Barnett 
Queensland University of Technology  
Australia 
 
I know Philip Schluter as we worked in the same department ~10 
years ago. I do not feel this influenced my ability to give a fair 
review. 

REVIEW RETURNED 13-Mar-2016 

 

GENERAL COMMENTS This is an interesting paper using routinely collected data to examine 
an important issue. It used a simple and appropriate study design 
and was generally well described.  
 
A key concern is that the reductions in admissions were due to 
evacuations. This would mean that the admissions weren't avoided, 
rather they were just moved to another part of the country. Is there 
any information on evacuations of residents to areas outside the 
hospital catchment?  
 
The key idea is relatively complex as there are two changes 
occurring at the same time: the earthquake and the change to 
services. The title says the paper is about both, but the text and 
conclusion focuses on the change to services. It did take me a while 
to understand the design and I think the title and abstract could have 
a stronger focus on the service with the earthquake as the catalyst. 
The text from the second bullet and the text on line 41 on page 5 are 
clear statements about the 'acceleration' of the change that could be 
used earlier.  
 
In my mind there is still some doubt about assigning cause to the 
drop in admissions to the health service change as it still seems 
possible that the earthquake could be somewhat responsible. It 
would be good to suggest further studies and/or data that might pick 
apart the issue further. For example, would interviews with staff help 
to get their perception about the change in service?  
 
Given the focus on the intervention it may be useful to include the 
TIDIER checklist to detail the intervention.  
 
The statistical methods were appropriate, but it would be very 
worthwhile to do some residual checking. Specifically to look for 
outliers, and to look for short-term and seasonal autocorrelation.  
 
There are a number of potential changes after a time-interrupted 
design, see Ramsay et al. Interrupted time series designs in health 
technology assessment: Lessons from two systematic reviews of 
behavior change strategies. Int J Technol Assess Health Care. 2003 
vol 19:613--23. This paper used a change in the mean and the 
slope. This was clear in the results, but wasn't mentioned in the 
methods.  
 
Minor comments  
- page 7, add that seasonal adjustment was done using a 
categorical variable for month (if that's right, if not add how it was 
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done)  
- page 8, first paragraph, last sentence. There are a number of 
changes in the dots and lines, it would be better to be specific.  
- page 8, line 16, you can't see the seasonal pattern in this figure, 
either remove this text or add a figure to the appendix  
- After large heatwaves there is often an effect called "harvesting" 
where deaths decrease in the short term because the frailest in the 
population have been killed (see for example Environ Health 
Perspect. 2001 May; 109(5): 463–470). I doubt that's the case here, 
because there may not have been enough deaths, although if very 
many people were injured then they may interact with hospitals in a 
different way.  
- Were the data from the two areas outside Christchurch just used 
for plotting comparison, or were they also used in the model?  
- Specific links or general web sites in the data sharing statement 
would be useful. 

 

VERSION 1 – AUTHOR RESPONSE 

Reviewer 1: Professor Eric K. Noji  

 

>The authors must be congratulated on their innovative use of a well-known statistical method used in 

other disciplines but never before applied to patient flow or what is now called "surge". Bayesian 

change-point analysis is not a new statistical method but it is a remarkable example of applying 

existing technologies or research methodologies to a mass casualty events resulting from the classic 

natural disaster resulting in large numbers of casualties and destruction of civic infrastructure. The 

basic rationale that lies behind interrupted time series analysis, modelling using Bayesian change-

point methods is actually a simple way of analyzing a sample of observations where the events occur 

randomly over a period of time and the investigator suspects that the rate at which events occur has 

changed somewhere over that range of time… either the event is increasing in frequency, or it’s 

slowing down — but the method is useful if you want to know with a little more certainty how and 

when these changes in events over time are occurring. The authors approach is classic beginning 

with charts that show time on the horizontal axis, and how many events occurred on the vertical axis. 

Statistical papers usually include at minimum three charts or visual representations of the data, the 

first showing an estimate the rate at which events (in this case, ED attendance and acute admission 

rates) occur BEFORE some event or shift occurs (in this case, the earthquake), the rate at which 

events occur AFTER the earthquake ("the shift" or lambda), and the time when the shift happens. 

Even the term shift describes how an earthquake occurs – shifts at point of contact of one or more 

plates that make of the surface of the earth with an adjacent plate that we now know as the theory of 

plate tectonics. As I said above, a truly ground-breaking contribution to disaster medicine research 

from the standpoint of research methodology when we are ready to analyze all the data we have 

collected at great cost.  

 

We are extremely grateful for the reviewer’s very positive affirmation of our methodological approach. 

Thank you.  

 

>As a disaster researcher for the past thirty years, it is at this point that the HARD part of the project 

usually begins… WHY? Why does it look like (i) post-earthquake, there was a sudden and persisting 

decrease in the proportion of the population attending the ED; (ii) the growth rate of ED attendances 

per head of population did not change between the pre and post-earthquake periods; (iii) post-

earthquake, there was a sudden and persisting decrease in the proportion of the population admitted 

to hospital; (iv) the growth rate of hospital admissions per head of the population declined between 

pre and post-earthquake periods; and, (v) the most dramatic reduction in hospital admissions growth 

after the earthquake occurred among those aged 65+ years. This is a case of applying appropriate 
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statistical methods, where no errors have been made and where the conclusions are probably 

consistent with the statistical analysis. Unfortunately, because the results above have never been 

observed in major earthquake events (and this was not a truly catastrophic urban earthquake), I 

believe that despite a first-rate application of new methods to analyze the data, the results lack 

"biological plausibility". The system simply was not stressed enough to produce the type, severity and 

numbers of casualties that we have seen in earthquake disasters. The authors never define what a 

disaster is which by definition means the system has been overwhelmed which clearly was not the 

case here. The system was not overwhelmed, and outside resources were only minimally required. I 

would recommend that the authors apply the statistical methods described here to other earthquakes 

in countries of similar socio-economic development such as the 2011 Great East Japan EQ looking at 

major urban centers such as Sendai and Fukushima, the 1971 San Fernando and 1994 Northridge 

events just north of Los Angeles and the 1989 Loma Prieta event that caused significant damage in 

both downtown San Francisco and further down the coast in Santa Cruz and Watsonville.  

 

The idea of applying this statistical method, in a sustained programme of research activity, is an 

excellent idea – and indeed, should these data be readily available and of sufficient quality, an 

avenue that we are keen to explore. However, it should be noted that New Zealand has cost-free 

healthcare to patients attending EDs and public hospitals, and because these facilities remained 

operational during and immediately after the earthquake – from the single serving tertiary hospital 

within the large district health board region – we (arguably) have the most complete dataset in the 

world on attendances and admissions before, during and after a disaster situation. This may be a 

primary reason why it has been possible to undertake this first study of its type. We believe it would 

be rare for other countries to have available complete data with such extensive population coverage 

to make direct comparative studies meaningful; e.g. the United States, due to user-pays healthcare, 

and Japan, due to recent total destruction, are unlikely to be good comparators.  

 

With due respect to Professor Noji, we believe that Christchurch did experience a disaster – so much 

so that a state of national emergency was declared (see: [20] Carter J. Minister of Civil Defence 

statement to Parliament that state of national emergency declared. http://www.beehive.govt.nz/ 

speech/minister-civil-defence-statement-parliament-state-national-emergency-declared (accessed 6 

January 2015)). A Central City Red Zone was established on the day of the earthquake as a public 

exclusion zone in the Christchurch central business district (CBD). Both Centre Opérationnel de 

Gestion Interministérielle des Crises (COGIC) (French Civil Protection) and the United States 

Geological Survey (USGS) agencies requested the activation of the International Charter on Space 

and Major Disasters on the behalf of the Ministry of Civil Defence & Emergency Management, thus 

readily providing satellite imagery for aid and rescue services. The New Zealand Fire Service 

coordinated search and rescue, with support from the Urban Search and Rescue (USAR) teams from 

New Zealand, Australia, United Kingdom, United States, Japan, Taiwan, China and Singapore, 

totalling 150 personnel from New Zealand and 429 from overseas. Within Christchurch Hospital, the 

Mass Casualty Incident Plan was activated (see: [18] Ardagh MW, Richardson SK, Robinson V, et al. 

The initial health-system response to the earthquake in Christchurch, New Zealand, in February, 

2011. Lancet 2012;379:2109-15). Mortality in Christchurch was low compared with many other 

earthquakes, but consistent with that of Loma Prieta (63 deaths) and Northridge (72 deaths). Many 

factors are likely to contribute to mortality, including the population affected, population density, the 

severity of the shaking, and the nature of the buildings people are in during an earthquake.  

 

>Furthermore, the authors do not speculate on other potential variables for the decrease in patient 

attendances such as:  

1. Injury severity. In many earthquakes, the survivors who have been successfully extricated from a 

collapsed building are simply too debilitated to make their own way to hospital or too injured to survive 

an ambulance transfer. Surgical interventions may have to be performed on-site.  

2. What is the quality of heavy urban SAR teams in New Zealand. Were the entrapped successfully 
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found, accessed, extricated and with proper spinal immobilization prior to being turned over to 

medical personnel at the collapse site.  

3. That nature of the built environment in the Canterbury environs. What was the number of totally 

collapsed multistory concrete structures? I suspect very few due to excellent building codes that are 

enforced resulting in tall buildings that do not collapse in a pancake fashion. We have a saying in 

earthquake medicine that "earthquakes do not kill people, buildings do". That is poorly constructed 

buildings that are not built to code and lack horizontal reinforcement.  

4. Human behavior during an earthquake. Are the citizens of this regions taught in school and in other 

forums the proper life-saving actions to take when a building starts to shake? Research shows that 

most deaths and injuries in places with well-built construction such as Tokyo and San Francisco, 

these are not caused by catastrophic structural failure but by internal components of houses and 

offices such as machinery, refrigerators, file cabinets, broken glass, or what are called by architects 

and engineers, non-structural elements.  

5. Primary care providers as described in the manuscript are simply not set up to care for severe 

trauma requiring repair of internal organs. In some countries, one reason for less than expected 

casualties showing up at hospital is that most died or died do to lack of IV fluids, or even lack of 

enough ambulances to transport hundreds if not tens of thousands as was the case in the 2010 Haiti 

earthquake.  

6. Most severe earthquake result in the collapse of hundreds of tall multi storey concrete structures as 

was the case in the Armenia earthquake of 7 December 1989. So many people were trapped, and 

even if successfully rescued later died of kidney failure due to rhabdomyolysis despite the 

international community providing hundreds of kidney dialysis machines complete with nursing teams 

who knew how to operate the equipment. The lack of renal failure in the New Zealand earthquake 

described here further substantiates my view that this was not a severe event. Certainly not even 

remotely severe enough to stress the system let alone require outside or international medical and 

SAR support.  

7. Finally, when I reviewed the reference section at the end, not one of the key landmark papers on 

the impact of earthquakes on urban trauma systems were cited. Nor were earthquakes of similar 

magnitude and intensity in similar environments in countries with roughly equivalent quality of 

emergency care mentioned. It was almost as if this paper looked at this one earthquake that resulted 

in a non-disaster and extrapolated the findings to all earthquakes of any severity impacting any 

country even those with no preparedness nor building codes, both rural and urban settings, which 

result in totally different degrees of human impact (never make conclusions if your sample is n=1)  

As a result of studying an event where the system was not stressed beyond coping due in part to the 

resources the government has available to create an integrated health system transformation and 

may very well have resulted in reduction of ED attendances and acute hospital admissions. But the 

results obtained in no way, shape or form justify the bottom-line conclusion of the study, and I quote: 

"This natural intervention experiment demonstrated that integrated health systems with high quality 

out-of-hospital care models are likely to successfully curb growth in acute hospital demand, nationally 

and internationally". In a true disaster (which this was not), I believe that hospital emergency 

departments, surgical capacity and in-patient services are never enough. That is why the concept of 

"surge" capacity is now front and forward as part of civilian disaster medicine doctrine.  

 

Each point raised by Professor Noji above is important, particularly when focusing on the disaster 

response itself, including casualty numbers and trauma systems. In the acute phase, information on 

disaster trauma victim numbers and factors that influence the number of 'casualties' who came to 

hospital are vitally important. As such, the initial response to the disaster is described in detail within 

our cited Lancet paper [18] Ardagh MW, Richardson SK, Robinson V, et al. The initial health-system 

response to the earthquake in Christchurch, New Zealand, in February, 2011. Lancet 2012;379:2109-

15. That paper explicitly deals with the points raised above. However, the primary thrust of this paper 

is about utilization of a health system in a post-disaster environment through a rapidly accelerated 

integrated health care system implementation. Here, in many ways, the earthquake can be 
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considered as a catalyst to more rapid change. As also identified below by Reviewer 2, Associate 

Professor Barnett, the title and Abstract of our original manuscript was not as clear as it might have 

been on this point. We hope our revised manuscript makes a clearer distinction.  

 

>Let me end on a positive note. The application of Bayesian change-point analysis to quantify 

changes in patient "surge" is something I have never read being performed on data collected in a 

study of the public health consequences of earthquakes. I was so impressed. My recommendation is 

to establish collaborative work with well-established earthquake casualty researchers who may have 

data sets from L.A., San Francisco, Japan, Italy, Turkey and Greece and apply this method to the 

data from "real" disasters that have impacted highly developed countries with health care systems not 

dissimilar to what has been implemented in New Zealand.  

 

Thank you for ending your review on this positive note.  

 

Reviewer 2: Associate Professor Adrian Barnett  

 

>This is an interesting paper using routinely collected data to examine an important issue. It used a 

simple and appropriate study design and was generally well described.  

 

Thank you for describing this as an interesting paper examining an important issue, using an 

appropriate study design.  

 

>A key concern is that the reductions in admissions were due to evacuations. This would mean that 

the admissions weren't avoided, rather they were just moved to another part of the country. Is there 

any information on evacuations of residents to areas outside the hospital catchment?  

 

Yes. Our previous paper, [18] Ardagh MW, Richardson SK, Robinson V, et al. The initial health-

system response to the earthquake in Christchurch, New Zealand, in February, 2011. Lancet 

2012;379:2109-15, documents the events from a clinical viewpoint. Recall from this paper’s 

Introduction, Christchurch Hospital is the only acute hospital within the region that has an ED, an 

intensive-care unit, and a full range of tertiary hospital surgical and medical services. All general 

practices within the city closed and some were slow to re-open because their premises were 

destroyed or severely compromised. It took about two weeks for outpatient clinics and theatres to re-

open again. Also some seriously ill patients were transferred out of Christchurch to make room for 

patients from the earthquake. Various initiatives were also undertaken including the establishment of 

a temporary 75-bed community medical centre delivering primary care, located in the badly affected 

eastern suburbs residents, and the establishment of eight Recovery Assistance Centres – each with 

visiting or on-call health staff and included a designated Partnership Community Worker who linked 

those in need with relevant health and social services and ensure they were linked in to a General 

Practice team. Few patients beyond the acute phase were transferred to other jurisdictions.  

 

In terms of population, there were relatively few evacuations – but there was a substantial flight from 

the city – many moving to the greater Christchurch or Canterbury region or even further afield 

temporarily or longer. (My own experience – common to many – was leaving the city for several 

weeks over the acute phase, with my family and brother’s family, living in very cramped quarters at 

my parents in Rangiora (north Canterbury – served by Christchurch Hospital) before returning to 

reside in a significantly damaged house.) See our paper [21] Morgan J, Begg A, Beaven S, et al. 

Monitoring wellbeing during recovery from the 2010-2011 Canterbury earthquakes: the CERA 

Wellbeing Survey. Int J Disaster Risk Reduction 2015;14(Part 1):96-103. Tens of thousands of homes 

across the city were damaged (many irrevocably); as were around 2,000 commercial buildings in the 

CBD with more than half requiring demolition, including a significant number of heritage buildings. 

Approximately 80% of the losses caused by the earthquake were covered by insurance, with this 
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disaster involving more than 500,000 related residential claims (for building, land and contents) from 

approximately 160,000 dwellings. Over 7,500 residential properties (~5% of total housing stock) were 

designated as being too difficult, uneconomic, dangerous and/or impractical to repair. In terms of 

absolutely numbers leaving the CDHB region – this has been the source of considerable conjecture 

and debate. Again, here, my brother and his family serve as a good example. Their house was 

deemed unrepairable – they took insurance pay-out – left the city, and moved to Rangiora – which still 

remains within the CDHB region. All satellite towns around Christchurch have experienced massive 

growth post-earthquake due to many people exercising this option – the two Territorial Local 

Authorities (Councils) closest to Christchurch were identified as experiencing the fastest growth in the 

2013 New Zealand Census. So while there was considerable temporary and permanent population 

movement – the numbers actually leaving the CDHB region is difficult to quantify. For this paper we 

used the revised annual CDHB population projections, as provided by Statistics New Zealand (see 

Table 1 in the manuscript). For the CDHB, a drop of 5,470 persons (1.1% of the population) was 

estimated between 2010 and 2011 while population growth of 1.4% and 1.6% occurred over that time 

for the ADHB and WDHB respectively. These Statistics New Zealand population estimates were used 

as the denominator for rate estimates. Since 2011 there has been considerable migration into the city 

– with many rebuild job opportunities, and hence the substantial increase observed in 2014 population 

estimates. There is also considerable debate as to whether these new city dwellers have been fully 

captured by Statistics New Zealand estimates in the post-earthquake period. While using the best 

figures available, we nonetheless recognise that biases may exist – and hence our explicit comments 

to this effect in the Strengths and Limitations section.  

 

>The key idea is relatively complex as there are two changes occurring at the same time: the 

earthquake and the change to services. The title says the paper is about both, but the text and 

conclusion focuses on the change to services. It did take me a while to understand the design and I 

think the title and abstract could have a stronger focus on the service with the earthquake as the 

catalyst. The text from the second bullet and the text on line 41 on page 5 are clear statements about 

the 'acceleration' of the change that could be used earlier.  

 

This is a good observation, and we agree. Based on this suggestion we have revised the title to: “The 

impact of integrated health system changes, accelerated due to an earthquake, on emergency 

department attendances and acute admissions: a Bayesian change-point analysis”. Changes have 

also been made in the Abstract (in the Objectives and Conclusions) in response.  

 

>In my mind there is still some doubt about assigning cause to the drop in admissions to the health 

service change as it still seems possible that the earthquake could be somewhat responsible. It would 

be good to suggest further studies and/or data that might pick apart the issue further. For example, 

would interviews with staff help to get their perception about the change in service?  

 

Agreed (although we feel that this is unlikely – given the anecdotal evidence available through our 

networks and relationships – but, in saying this, we recognise that we are not external impartial 

observers). As such, we have introduced the following text in the Discussion “Furthermore, it might be 

opined that the observed attendance and admission decrease may be, at least partially, a lingering 

consequence of the earthquake rather than the integrated health service changes. Analysis of data 

from an extended study period, together with further studies directly capturing staff and patient 

perceptions and behaviour changes would be required to disentangle these effects.”  

 

>Given the focus on the intervention it may be useful to include the TIDIER checklist to detail the 

intervention.  

 

In line with the journal’s author guidelines, we developed this paper using the STROBE checklist 

(submitted with the manuscript). Moreover, our cited paper [5] Gullery C, Hamilton G. Towards 
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integrated person-centred healthcare - the Canterbury journey. Future Hosp J 2015;2:111-6 provides 

a detailed account of the history, development and undertaking of the ‘intervention’ – which is 

accelerated (catalysed by the earthquake) and evolving. In the interest of space and repetition, we 

would urge the interested reader to consult with this paper for a more detailed account of the 

integrated person-centred healthcare strategy employed by the CDHB.  

 

>The statistical methods were appropriate, but it would be very worthwhile to do some residual 

checking. Specifically to look for outliers, and to look for short-term and seasonal autocorrelation.  

 

Good point. We note that the Gelman-Rubin statistic and visual plots were used to assess model 

convergence and stability. Residual checks and short-term autocorrelations were conducted but not 

presented in the manuscript.  

 

For the hospital admission rate model – there was one clear outlier (at the time of the 22 February 

2011) – easily seen in Figure 3 of the manuscript. When removed for residual analyses, the Shapiro-

Wilk W test for normal data was significant (p=0.003), with distribution given by:  

 

[Histogram with normal curve superimposed not able to be copied here]  

 

The Durbin-Watson d-statistic = 1.12. For this series (length n=84), which involved estimating 16 

parameters (without intercept), the α=0.01 critical values are approximately (1.11, 1.97) and α=0.05 

critical values are approximately (1.23, 2.11) [based on k=16/n=85 tables]. So evidence exists for 

positive autocorrelation for lag(1) residuals at the 5% level but not at the 1% level of significance. The 

autocorrelation at lag (1) was 0.36 while by lag (12) was -0.09.  

 

Based on this evidence, the Normality assumption has, strictly speaking, been violated for the hospital 

admission rate model – although the distribution has a single mode and remains relatively 

symmetrical – despite the few right skewed observations. The Gelman-Rubin statistic model 

convergence statistic and visual plots were fine, and the residual autocorrelations at this level are 

unlikely to be problematic. While not perfect, it is likely the estimates derived from this model are 

robust, valid and reliable.  

 

For the hospital admission rate model – the Shapiro-Wilk W test for normal data was non-significant 

(p=0.58), with distribution given by:  

 

[Histogram with normal curve superimposed not able to be copied here]  

 

The Durbin-Watson d-statistic = 1.18. For this series (length n=84), which involved estimating 16 

parameters (without intercept), the α=0.01 critical values are approximately (1.11, 1.97) and α=0.05 

critical values are approximately (1.23, 2.11) [based on k=16/n=85 tables]. So evidence exists for 

positive autocorrelation for lag(1) residuals at the 5% level but not at the 1% level of significance. The 

autocorrelation at lag (1) was 0.34 while by lag (12) was 0.02.  

 

Based on this evidence, the admission rate data are consistent with the Normality assumption. The 

Gelman-Rubin statistic model convergence statistic and visual plots were fine, and the residual 

autocorrelations unlikely to be problematic. Again, estimates derived from this model are robust, valid 

and reliable.  

 

In the revised paper we have explicitly added in the Methods that these checks were done, with the 

words “…; and residual distribution and autocorrelation checks conducted.”  

 

We have also briefly summarized and added these above findings to the Results, and described them 
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in the Strengths and Limitations section of the Discussion. Note, for the sensitivity analyses:  

 

Table 3 revisited. Estimated de-seasoned ED attendance rates per 1 000 people prior to and post the 

change-point, together with the estimated monthly increase in de-seasoned ED attendance rates per 

1 000 people in the periods prior to and post the change-point for the CDHB population for the full 

dataset, and for the reduced dataset (removing the February 2011 value), over the 2008-2014 period.  

De-seasoned ED attendance rates at change-point Monthly increase in de-seasoned ED attendance 

rates  

Prior Post Prior Post  

Est.(95% CR) Est. (95% CR) Est. (95% CR) Est. (95% CR)  

All 14.7 (14.3-15.0) 12.7 (12.4-13.0) 0.057 (0.042-0.072) 0.060 (0.049-0.071)  

Reduced* 14.7 (14.4-15.0) 12.9 (12.6-13.1) 0.058(0.045-0.070) 0.055 (0.045-0.064)  

*With the most extreme outlier removed.  

 

>There are a number of potential changes after a time-interrupted design, see Ramsay et al. 

Interrupted time series designs in health technology assessment: Lessons from two systematic 

reviews of behavior change strategies. Int J Technol Assess Health Care. 2003. 19:613-23. This 

paper used a change in the mean and the slope. This was clear in the results, but wasn't mentioned in 

the methods.  

 

Thank you providing the informative reference. We agree, our model sought to detect a change in 

both the mean and the slope. While clear in the Results, this was not clear in the Methods. This has 

been rectified with the addition of “A disconnected change-point model allows for a piecewise mean 

and slope shift within the time series to be statistically detected and assigned.”  

 

>Minor comments  

- page 7, add that seasonal adjustment was done using a categorical variable for month (if that's right, 

if not add how it was done)  

 

Indeed, seasonal adjustment was done using a categorical variable for month. In the Methods, we 

now introduce the sentence “Seasonal adjustment was modelled by assigning a categorical indicator 

variable for each month” which explicitly denotes this.  

 

- page 8, first paragraph, last sentence. There are a number of changes in the dots and lines, it would 

be better to be specific.  

 

Agreed. We have been more specific in this revision with the revised wording given by: “Unlike that 

observed within the WDHB and ADHB jurisdictions, a clear interrupted pattern change is visible in the 

scatterplot distribution and superimposed lowess curves before and after the 22 February 2011 

earthquake (denoted noted by the vertical line) for both ED attendance and acute admission rates 

within the CDHB.”  

 

- page 8, line 16, you can't see the seasonal pattern in this figure, either remove this text or add a 

figure to the appendix  

 

Our mistake. The figure in question was incorrectly labelled. It should be (Figure 3) rather than (Figure 

2). This issue has now been rectified.  

 

- After large heatwaves there is often an effect called "harvesting" where deaths decrease in the short 

term because the frailest in the population have been killed (see for example Environ Health 

Perspect. 2001 May; 109(5): 463–470). I doubt that's the case here, because there may not have 

been enough deaths, although if very many people were injured then they may interact with hospitals 
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in a different way.  

 

This is a good observation – and one that is difficult to detect or refute. However, we opine that 

‘harvesting’ is much more unlikely to have occurred here than a heatwave which affects those with 

compromised health status; deaths in an earthquake occur geographically according to exposure to 

falling building and debris rather than among vulnerable populations. Moreover, the demographics of 

those injured, presented in our Lancet article, were a spread of ages, but peaking in middle age, and 

with a female predominance – consistent with a CBD population (i.e. consistent with earthquake 

exposure rather than physical vulnerability).  

 

- Were the data from the two areas outside Christchurch just used for plotting comparison, or were 

they also used in the model?  

 

Data from the two areas outside Christchurch were just used for plotting comparison and for our 

descriptive investigation of demographic shifts with each of these regions of the 2008-2014 timeframe 

(see Table 1 and accompanying text in the Results). To make this clearer we have introduced the 

following in the Methods “Time series analysis of the CDHB data employed Bayesian methods, …”.  

 

- Specific links or general web sites in the data sharing statement would be useful.  

 

ED data from the CDHB, ADHB and WDHB Planning and Funding Divisions are not available on 

public website(s) – and must be applied for, as per the description in the manuscript. A URL for the 

New Zealand Census data has been added.  

 

 

VERSION 2 – REVIEW 

REVIEWER Adrian Barnett 
Queensland University of Technology  
Australia 
 
I worked in the same department as Prof Schluter ~ 10 years ago. I 
don't feel that this impaired my ability to give a fair review. 

REVIEW RETURNED 02-Apr-2016 

 

GENERAL COMMENTS The authors have given very complete answers to my initial queries. 
Finding ways of reducing hospital admissions is a priority in many 
countries, and this is therefore a useful paper. I still think some 
readers will be skeptical that the drop was not caused by the 
earthquake. The best counter-argument is that the decrease was 
sustained for many years, rather than a "return to normal". The 
projected lines in figures 3 and 4 highlight this, and it is covered in 
the discussion.  
 
When talking about the population data (page 6) it would be useful 
to mention that these accounted for evacuations. It should also state 
if the figures were monthly or annual (or if they were interpolated).  
 
The "strengths and limitations" bullets should "relate specifically to 
the methods of the study reported" (quote from instructions to 
authors), but three of the current bullet points talk about results or 
conclusions. 
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VERSION 2 – AUTHOR RESPONSE 

Associate Professor Adrian Barnett  

The authors have given very complete answers to my initial queries. Finding ways of reducing 

hospital admissions is a priority in many countries, and this is therefore a useful paper. I still think 

some readers will be skeptical that the drop was not caused by the earthquake. The best counter-

argument is that the decrease was sustained for many years, rather than a "return to normal". The 

projected lines in figures 3 and 4 highlight this, and it is covered in the discussion.  

 

Thank you for recognising the time and energy devoted to replying to the reviewers’ initial queries. We 

agree that some may be sceptical, and like the Reviewer, we believe the best counter-argument is the 

sustained decrease – which has now been observed for a number of years (and forms part of the 

basis for Figures 3 and 4, together with the description in the Discussion).  

 

When talking about the population data (page 6) it would be useful to mention that these accounted 

for evacuations. It should also state if the figures were monthly or annual (or if they were interpolated).  

 

We have reworded the sentence to state “Following the 2013 Census, the 2013 and 2014 annual 

population projections were amended, accounting for evacuations and movement.” The population 

figures were annual. This has now been explicitly stated in the manuscript.  

 

The "strengths and limitations" bullets should "relate specifically to the methods of the study reported" 

(quote from instructions to authors), but three of the current bullet points talk about results or 

conclusions.  

 

Agreed. We have completely re-drafted the "Strengths and limitations" bullet points, as follows:  

 

Strengths and limitations of this study  

• This is the first general population study that sought to provide a longitudinal assessment of 

emergency department attendance and acute admission rate changes following a rapid health care 

system re-orientation.  

• Novel interrupted time series analyses, modelled using Bayesian change-point methods, were 

employed to investigate both sudden and long-term changes in attendance and admission rates prior 

to and following a devastating earthquake.  

• By itself, a limitation of this natural intervention experiment analysis is the potential difficulty in 

separating effect attribution due to the earthquake, the system re-orientation, or other drivers.  

• The geographically localised perimeter of this study, together with its focus on only two key 

variables, may fail to capture the full scope of population health seeking behaviour changes resulting 

from the integrated health system re-orientation and may limit its generalizability to other jurisdictions. 
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