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VERSION 1 - REVIEW 

REVIEWER Y. Howard Lien, MD, PhD, University of Arizona and AKDHC, 
Tucson AZ, USA  
No competing interests 

REVIEW RETURNED 31-Aug-2012 

 

THE STUDY If the question is simply what is the sensitivity of ICD10 for 
hyponatremia, it is not worth for publication. With so much data 
there, authors should try to answer why physicians made such an 
error or ignore hyponatremia. 

GENERAL COMMENTS General: The authors reported that icd10 code of hyponatremia for 
ER or inpatient has very low sensitivity and the sensitivity increased 
with severity of hyponatremia. The observation is not new; more 
effort should be made to help to understand why physicians fail to 
report hyponatremia.  
1. Is icd10 sensitivity different between male and females, income 
quintiles, years of cohort entry, rural vs. urban, long term care 
facilities vs. home, and patients with different comobidities? This 
information may help us to identify the pattern of physician errors.  
2. Pseudohyponatremia: hyperglycemia may cause water shift from 
intracellular space to extracellular space and lower serum Na level. 
Since high % patients have DM, it is important to find out the % 
hyponatremic patients had hyperglycemia on admission. If corrected 
Na is normal, physicians may not call it hyponatremia.  
3. The mean baseline Na is normal (Table 1). It is likely that many 
patients have low baseline Na (chronic hyponatremia). Range of 
serum Na should be given, and % patients with hyponatremia at 
baseline should be provided. Is the sensitivity of ICD10 different 
between those with baseline hyponatremia and those without? 

 

REVIEWER Carolyn De Coster  
Executive Director  
Clinical and Zone Analytics  
Data Integration, Measurement and Reporting  
Alberta Health Services  
Canada 

REVIEW RETURNED 09-Oct-2012 

 

THE STUDY I found some confusion regarding the outcomes measure. The 

 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-2012-001727 on 28 D

ecem
ber 2012. D

ow
nloaded from

 

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


primary definition of hyponatremia was <= 132 mmol/L. Yet they 
explored four reference standards: <135, <=132, <=130 and <=125. 
And in the Introduction, the definition was <135. 

GENERAL COMMENTS I have very few comments on this manuscript. It is a worthwhile 
study, well-written and clearly presented.  
 
In the INTRODUCTION, authors state that hyponatremia is 
associated with confusion, seizures, falls and fractures as well as 
mortality. Is hyponatremia causative? The low sensitivities found in 
this study suggest that physicians do not document this condition, so 
my question is whether it is therefore under-recognized and under-
treated as a causative agent for the above listed conditions, and if 
that is the case, then does that contribute to longer length of stay? I 
would like that connection, if there is one, to be clarified.  
 
As stated above, I would like more clarification of the definition of 
hyponatremia. In the INTRODUCTION, the definition is <135 mmol/L 
but the primary definition (p 6) is <= 132 mmol/L. But four definitions 
were tested.  
 
In DATA SOURCES you mention ICD-9 and ICD-10 but only ICD-10 
is relevant for this study.   

 

VERSION 1 – AUTHOR RESPONSE 

Reviewer: Y. Howard Lien,  

University of Arizona and AKDHC,  

Tucson AZ, USA  

 

If the question is simply what is the sensitivity of ICD10 for hyponatremia, it is not worth for 

publication. With so much data there, authors should try to answer why physicians made such an 

error or ignore hyponatremia.  

 

General: The authors reported that icd10 code of hyponatremia for ER or inpatient has very low 

sensitivity and the sensitivity increased with severity of hyponatremia. The observation is not new; 

more effort should be made to help to understand why physicians fail to report hyponatremia.  

 

Response:  

We thank the reviewer for critiquing our manuscript. We appreciate all the insights and feedback 

provided.  

 

Understanding the validity of a diagnostic code is fundamental to the interpretation of disease 

incidence and risk. There are many implications for using a code that is insensitive (e.g. information 

bias/measurement error due to misclassification of outcome, selection bias due to misclassification of 

exposure, etc.) and it is important to know just how reliable findings are when such codes are used. 

Some published studies have used the ICD-10 code to define hyponatremia, yet the performance 

characteristics of the code where unknown.[1-3] Our group also plans to conduct drug safety studies 

with hyponatremia defined by the ICD-10 code. As such, it was crucial to validate this code to put our 

future research findings into context.  

 

According to the ICD-9 system, hyponatremia is coded as „276.1‟ which is labeled “hyposmolality” 

while the ICD-10 system defines hyponatremia by code „E87.1‟ which is described as “hypo-

osmolality and hyponatraemia”. Although we know from previous validation studies that the sensitivity 

of the hyponatremia ICD-9 code is low (and increases with severity), our study was the first to look at 

the validity of the ICD-10 code. The ICD-10 coding system is widely used in Canada and in over 100 
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other countries, making it important to assess the accuracy of this code as well.  

 

Determining why physicians fail to report hyponatremia is certainly an interesting question, however, 

we believe that it is beyond the scope of the current study. We have explained this further in the 

responses below.  

 

References:  

1. Coupland C, Dhiman P, Morriss R, et al. Antidepressant use and risk of adverse outcomes in older 

people: population based cohort study. Br Med J 2011;343.  

2. Rottenkolber D, Schmiedl S, Rottenkolber M, et al. Adverse drug reactions in Germany: direct costs 

of internal medicine hospitalizations. Pharmacoepidemiol Drug Saf 2011;20:626-634.  

3. Stausberg J and Hasford J. Drug-related admissions and hospital-acquired adverse drug events in 

Germany: a longitudinal analysis from 2003 to 2007 of ICD-10-coded routine data. BMC Health Serv 

Res 2011;11:143.  

 

______________________________________________________________________________  

 

1) Is icd10 sensitivity different between male and females, income quintiles, years of cohort entry, 

rural vs. urban, long term care facilities vs. home, and patients with different comobidities? This 

information may help us to identify the pattern of physician errors.  

 

Response:  

The reviewer makes an interesting suggestion with regards to understanding patterns of physician 

errors. There are several factors that can influence the reporting (or lack thereof) of hyponatremia. In 

addition to the patient-level factors mentioned above, physician-level factors (i.e. years of experience, 

specialty, etc) would also need to be considered. In this particular study, we did not see a biological 

basis for subgroups so we did not pursue this as part of the current protocol. We do agree that this is 

an excellent research question and would be best answered in a new study with the objective to 

determine patterns of physician coding errors. This is certainly something our research group can 

pursue in the future.  

______________________________________________________________________________  

 

2) Pseudohyponatremia: hyperglycemia may cause water shift from intracellular space to extracellular 

space and lower serum Na level. Since high % patients have DM, it is important to find out the % 

hyponatremic patients had hyperglycemia on admission. If corrected Na is normal, physicians may 

not call it hyponatremia.  

 

Response:  

We completely agree with the reviewer that hyperglycemia may lead to „pseudo‟ hyponatremia. 

Ultimately, a patient who presents to hospital with hyperglycemia and develops low serum sodium still 

came in with hyponatremia. As such, the physician should be recording the diagnosis in the patient‟s 

chart regardless of the biological basis for the reduction in sodium.  

______________________________________________________________________________  

 

3) The mean baseline Na is normal (Table 1). It is likely that many patients have low baseline Na 

(chronic hyponatremia). Range of serum Na should be given, and % patients with hyponatremia at 

baseline should be provided. Is the sensitivity of ICD10 different between those with baseline 

hyponatremia and those without?  

 

Response:  

We absolutely agree with the reviewer‟s points regarding baseline serum sodium. Prior hyponatremia 

is an important predictor for recurring hyponatremia. We have now included the range of serum 
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sodium in both emergency department and hospital admission settings. We have also reported the 

proportion of patients with baseline hyponatremia according to four categories studied (<135, ≤132, 

≤130 and ≤125 mmol/L).  

 

We also agree that it is useful to look at the diagnostic accuracy of the ICD-10 code among patients 

who were previously hyponatremic and those who were not. We conducted a subgroup analysis on 

these patients and have reported this in the manuscript and in Appendix D.  

 

Index of Changes:  

Table 1 in manuscript now includes the range of baseline serum sodium measurements as well as the 

number and percent of individuals in each of the hyponatremia categories. We have added an 

additional table (found in Appendix D) that reports validity measures among patients with and without 

baseline hyponatremia.  

 

Lines 1-5 on page 10 in the Results section of the original submission now includes the following 

paragraph: “In patients with and without baseline hyponatremia (7 to 365 days prior to the hospital 

encounter), the sensitivity of the all diagnosis ICD-10 coding algorithm in the emergency department 

setting was 11.55% in those with baseline hyponatremia and 5.35% in those without. For similar 

patients in the hospital admission setting, the sensitivities were 16.89% and 7.56%, respectively 

(Appendix D).”  

 

 

Reviewer: Carolyn De Coster  

Executive Director, Clinical and Zone Analytics  

Data Integration, Measurement and Reporting  

Alberta Health Services  

AB, Canada  

 

I have very few comments on this manuscript. It is a worthwhile study, well-written and clearly 

presented.  

 

Response:  

We thank the reviewer for her encouragement and positive comments. We have attempted to address 

the concerns in the responses below.  

______________________________________________________________________________  

 

1) I found some confusion regarding the outcomes measure. The primary definition of hyponatremia 

was <= 132 mmol/L. Yet they explored four reference standards: <135, <=132, <=130 and <=125. 

And in the Introduction, the definition was <135.  

 

Response:  

We recognize that there may be some confusion with regards to the definitions used for 

hyponatremia. Typically, in the laboratory, a serum sodium value of <135 mmol/L is used to define 

hyponatremia. However, several definitions are reported in the literature. This may be because 

symptoms tend not to manifest when serum sodium levels are near normal and so may not be as 

clinically meaningful. More recent evidence has suggested that hyponatremia defined by a serum 

sodium ≤132 mmol/L is associated with a number of adverse sequelae. As such, we selected a 

clinically important serum sodium value of ≤132 mmol/L as our primary reference standard. Other 

thresholds of hyponatremia were also explored in additional analyses to examine the impact of 

disease severity. As expected, when using the laboratory-based definition of hyponatremia, the 

diagnostic accuracy of the ICD-10 coding algorithm was quite poor. When looking at more severe 

levels (where symptoms almost always manifest) the diagnostic accuracy improved. We have now 
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removed the numerical definition from the Introduction and have updated the Reference Standard 

sections, accordingly.  

 

Index of Changes:  

Lines 15-17 on page 4 in the Introduction section of the original submission now reads: Hyponatremia 

is an electrolyte disorder and is generally defined by a low serum sodium concentration [3-4] It is one 

of the most common types of abnormalities of its kind affecting 15 to 30% of hospitalized patients.[5-

6]  

 

Lines 44-45 on Page 6 in the Reference Standard section of the original submission has been 

updated to include the following: Our primary definition of hyponatremia was a serum sodium ≤132 

mmol/L while the other definitions were explored to investigate the impact of disease severity.[7-8]  

______________________________________________________________________________  

 

2) In the INTRODUCTION, authors state that hyponatremia is associated with confusion, seizures, 

falls and fractures as well as mortality. Is hyponatremia causative? The low sensitivities found in this 

study suggest that physicians do not document this condition, so my question is whether it is therefore 

under-recognized and under-treated as a causative agent for the above listed conditions, and if that is 

the case, then does that contribute to longer length of stay? I would like that connection, if there is 

one, to be clarified.  

 

Response:  

The reviewer raises some interesting points in this comment. Unfortunately, we cannot establish 

whether hyponatremia is a causative agent. We only know that it has been associated with the 

aforementioned adverse sequelae from the literature. In these cases, laboratory values were used to 

define the outcome of hyponatremia and so we can be certain that hyponatremia was recognized or 

documented. In general though, hyponatremia is absolutely an under-recognized and under-reported 

problem and may very well be the reason why some patients develop the above listed conditions. 

Determining whether this contributes to a longer length of stay is an entirely new research question 

which would require a different study design. Ideally for this, to better establish causation we would 

need to develop a study with interventions where correction of hyponatremia improves the endpoints 

of interest (in this case prevents hospitalization or reduces the length of hospital stay).  

______________________________________________________________________________  

 

3) As stated above, I would like more clarification of the definition of hyponatremia. In the 

INTRODUCTION, the definition is <135 mmol/L but the primary definition (p 6) is <= 132 mmol/L. But 

four definitions were tested.  

 

Response:  

We understand the reviewer‟s concern. Please see response to comment (1) above. We hope that we 

have successfully clarified any uncertainty related to the definitions examined.  

______________________________________________________________________________  

 

4) In DATA SOURCES you mention ICD-9 and ICD-10 but only ICD-10 is relevant for this study.  

 

Response:  

ICD-10 was introduced in Canada in the year 2002. Prior to this, ICD-9 was in use. Since our patient 

accrual period was from June 2003 to September 2010, only ICD-10 was relevant to define the code 

for hyponatremia. However, both ICD-9 and 10 were used assess baseline comorbidities up to 5 

years prior to the date of accrual (i.e. if patient was accrued in 2004, then the five year look back is 

from 1999 to 2004 which spans the period when both ICD-9 and ICD-10 were used). We apologize for 

the lack of clarity and have tried to make this more evident in the manuscript.  
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Index of Change:  

Line 19 on page 5 in the Data Sources section of the original submission now includes: These 

databases contain detailed diagnostic and procedural information coded using ICD-9 (pre-2002) and 

ICD-10 (post-2002).  

 

A footnote in Table 1 in the Results section now indicates the look-back window of 5 years for the 

comorbidities. 
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