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High-Sensitivity Troponin Assays: Boon or Bane for the Cardiologist?
Natalie SY Koh, 1MBBS (S'pore), MRCP (UK), M.Med (S'pore), Swee Han Lim, 2MBBS (S'pore), FRCS Ed (A&E), FRCP Ed, Chin Pin Yeo, 3MBBS (S'pore), FRCPa 

(Chemical Pathology), Jack WC Tan, 1MBBS (S'pore), MRCP (UK), FACC 

The Troponin Era 
The advent of the “troponin era” has its roots in the 

redefi nition of acute myocardial infarction (AMI) by the 
joint committee of European and American cardiologists 
in 2000.1 Troponin was identifi ed as the preferred serologic 
biomarker for acute coronary syndrome (ACS). Since then, 
troponin assays have continued to evolve with improved 
sensitivity and reproducibility, leading to a renewal of 
guidelines in 2007 and 2012.2

With increasing sensitivity of troponin assays, cutoff  
levels were lowered. A 99th percentile upper reference 
limit (URL) refers to the troponin concentration at the 
99th percentile of a reference population. The use of the 
99th percentile URL increases the ability of these assays to 
detect both early AMI and structural cardiac abnormalities. 
The fi rst-generation troponin assays were not suffi ciently 
sensitive to detect troponins in reference to “healthy” 
individuals and thus the cutoffs were set at levels at which the 
assays coeffi cient of variation (CV) were 10%. These early 
assays were thus not sensitive for early myocardial necrosis 
but highly specifi c, resulting in its use as a dichotomy tool 
for ACS rule-in. However, this should not be confused with 
newer generation high-sensitivity troponin (hsTn) assays, 
which are assays that have a CV of 10% or less at the 99th 
percentile URL and are able to detect cardiac troponin 
levels in at least 50% of the reference normal population.3

hsTn assays have only been available since 2010, with 
commercial availability still limited to a small number of 
hsTn assays. They are now able to measure tenfold lower 
concentrations with higher precision as compared to fi rst 
generation assays.3 Is the increased sensitivity afforded 
by hsTn a boon for the cardiologist, or a bane that could 
result in greater confusion for the physician interpreting 
these assays? 

Role of Troponins in Clinical Practice
The universal defi nition of myocardial infarction (MI) 

is the detection of a rise and/or fall of cardiac troponins 
1Department of Cardiology, National Heart Centre Singapore, Singapore
2Department of Emergency Medicine, Singapore General Hospital, Singapore
3Department of Clinical Pathology, Singapore General Hospital, Singapore
Address for Correspondence: Dr Jack Tan Wei Chieh, Department of Cardiology, National Heart Centre Singapore, 5 Hospital Drive, Singapore 169609. 
Email: jack.tan.w.c.@singhealth.com.sg

with at least one value above the 99th percentile URL in 
addition to at least one of the following: 1) symptoms 
of ischaemia; 2) new electrocardiogram (ECG) changes 
of ST-T segments, new left bundle branch block or 
development of pathological Q waves; 3) imaging evidence 
of new regional wall motion abnormality or loss of viable 
myocardium; and/or 4) identifi cation of an intracoronary 
thrombus by angiography or autopsy.2 They are separated 
into 5 types of MI according to aetiology (Table 1). The 
only aetiology of interest to a cardiologist in the emergency 
department (ED) is type 1 AMI due to spontaneous plaque 
rupture. The need to ascertain the type of MI has been, 
in part, due to the hsTn assays’ ability to detect even the 
smallest amount of ongoing myocardial necrosis, leading 
to further confusion as a physician attempts to diagnose 
“troponinitis”. Forty-three percent of all troponin assays 
ordered for inpatients will fl ag positive. However, only 
28% will ultimately be labelled as AMI.4 A positive test 
now demands greater physician discretion. 

There is, however, an upside to the advent of hsTn. The 
optimum sensitivity of older standard troponin assays for 
AMI occurs 10 to 12 hours after the onset of symptoms. This 
results in the need for hospital admission and observation 
while serial testing is completed. hsTn assays are able to 
overcome this because they can detect much lower levels 

Table 1. Types of Myocardial Infarction

Type 1 Spontaneous MI

Type 2 MI secondary to ischaemic imbalance

Type 3 MI resulting in death without biomarkers 

Type 4a MI related to PCI

Type 4b MI related to stent thrombosis

Type 5 MI related to CABG 

CABG: Coronary artery bypass graft; MI: Myocardial infarction; PCI: 
Percutaneous coronary intervention 
Source: Alpert JS, Thygesen K, Antman E, Bassand JP. Myocardial 
infarction redefi ned–a consensus document of The Joint European 
Society of Cardiology/American College of Cardiology Committee for the 
redefi nition of myocardial infarction. J Am Coll Cardiol 2000;36:959-69.
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of troponin, allowing for earlier recognition of AMI. They 
are precise, and have small CV levels even at 99th percentile 
in reference populations, and are specifi c for myocardial 
necrosis. Increased values and changes in values over 
time also correlate well with risk of future adverse cardiac 
events.5  In landmark studies, non-ST-elevation myocardial 
infarction (NSTEMI) can be ruled out as early as 4 hours after 
symptom onset, allowing shorter inpatient stay for patients 
without raised levels of troponin and earlier intervention for 
those with a confi rmed AMI.6 The historically conservative 
approach to avoid missing a potential  ACS has led clinicians 
to admit many more patients than are subsequently found 
to have an MI. This further compounds the crowding in the 
ED, which is associated with adverse outcomes for both 
patients with and without AMI.7 Follow-on studies with 
hsTn demonstrate low-level troponin elevations within 60 
to 180 minutes of the AMI, allowing for earlier diagnosis 
and faster rule-out of AMI.8,9 Two large prospective ED 
trials showed that hsTn assays are more accurate than 
standard troponin assays in the successful diagnosis of 
AMI within 3 hours of symptom onset.10 This potentially 
reduces the duration of stay at the ED and should increase 
the number of patients successfully discharged from the 
ED. A modelling study found that early hsTn testing was 
fi nancially benefi cial in almost all cases.11

Chest pain is the second most common symptom and 
leading cost of malpractice dollars spent in the ED. The 
European Society of Cardiology (ESC) and National 
Institute for Health and Care Excellence (NICE) guidelines 
from 2014 have acknowledged the use of hsTn assays and 
made recommendations on the use of a fast track protocol. 
The guidelines state that hsTn assays have a NPV of greater 
than 95% for AMI on admission. Adding on a second repeat 
test at 3 hours can increase this to 100%.12  

hsTn assays are strong prognostic markers for 
cardiovascular death and recurrent ischaemic events in 
AMI, with studies showing their superiority over standard 
assays in predicting cardiovascular death at 1-year follow-
up.13 Elevated troponin levels also correlate with an adverse 
prognosis in several stable chronic disease states.14 Examples 
include heart failure, atrial fi brillation, renal failure, 
pulmonary embolism and sepsis. 

Limitations of High-Sensitivity Troponins
Lack of an Industry Standard

The variability in hsTn characteristics between 
manufacturers prevents comparisons between assays and 
clinical centres.5 The appropriate hsTn cutoff for clinical 
use is far from settled, with no consensus yet as to the 
population from which to derive this value, preventing 
consistent interpretation.15

 

Lower Specifi city of hsTn for AMI 
The main counterpoint to the increased sensitivity of 

hsTn assays is a lower specifi city to rule-in AMI. Reported 
specifi city for hsTn assays is 80% to 85%, compared to 
97% for standard troponin assays.16 Serial sampling to detect 
assay level changes (delta value) is required to improve 
assay specifi city. ESC guidelines recommend a greater than 
20% relative change in patients with an initially elevated 
hsTn level to diagnose AMI.  However, the delta of 20% is 
based on older generation assays. The situation with hsTn 
assays is more complex, as both biological variation and 
assay dependent imprecision can result in wide ranging 
relative changes.16 Further studies are required before the 
use of delta values, relative or absolute, can be adopted. 
Applying the existing defi nition of a 20% increase from 
baseline to hsTn assays may under-detect AMI.

Non-specifi c as to Aetiology of Myocardial Necrosis 
Troponins are highly specifi c for myocardial necrosis, but 

are not so with regards to the aetiology. Cardiologists are 
primarily concerned with elevations due to plaque rupture as 
to the aetiology, since this has implications on the decision 
for and timing of coronary intervention. Whilst HsTn is 
a useful tool with increased sensitivity for the detection 
of type 1 MIs, this comes at the cost of over-diagnosis.17

Future Directions
Outcome data will steadily come from centres adopting 

the “early rule-out protocols” with hsTn assays. This will 
allow the analysis of optimal timing of samples to be taken 
after presentation to ED and the optimal cutoffs for both 
ruling out and ruling in of AMI. A comparison between 
clinical effectiveness of different protocols will advance the 
continuing refi nement of workfl ows at the ED to exclude 
AMI. It has yet to be demonstrated prospectively whether 
patients discharged under the hsTn early rule-out protocols 
have longer term safety comparable to those receiving 
conventional screening. A key issue is that a miss rate 
will remain regardless of the assay’s sensitivity—what is 
an acceptable percentage miss rate? This underscores the 
dilemma a triaging physician constantly faces.

Further research is needed to determine the 99th percentile 
value for hsTn assays, the infl uence of variables such as 
age and gender on these thresholds, and appropriate delta 
values for the defi nition of MI.  

Conclusion
hsTn assays hold the promise of earlier diagnosis and 

improved clinical outcomes for patients presenting with 
chest pain and possible AMI. Its value lies in the potential 
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for use in the ED, thereby cutting costs and reducing 
waiting time in already overcrowded hospitals. However, 
the question is now a matter of specifi city. HsTn assays do 
not differentiate myocardial necrosis due to plaque rupture 
from other causes. The assumption that all elevated hsTn 
implies a type 1 MI can lead to confusion and frustration 
in both the ED and inpatient settings. 

In conclusion, the diagnosis of type 1 MI is not made 
solely on biochemical investigations, and must also involve 
ECG changes, symptoms and pretest probability. Hence, 
the usage of hsTn assays should be in tandem with clinical 
parameters. An emphasis on concurrent clinical assessment 
would allow the clinician to use and interpret these assays 
appropriately. This, together with a consensus on testing and 
assessment strategies, will go a long way to moderate the 
current variations with the use of hsTn in clinical practice.
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Abstract
Introduction: The Short Form-12 version 2 (SF-12v2) is a shorter version of the Short 

Form-36 version 2 (SF-36v2) for assessing health-related quality of life. As the SF-12v2 
could not be resolved into the physical- and mental-component summary score (PCS and 
MCS, respectively) in the general population of Singapore, this study aims to determine 
and validate the Singapore SF-12 version 2 (SG-12v2). Materials and Methods: The SG-
12v2 was generated using the same methodology as the SF-12v2. Bootstrap analysis was 
used to determine if the SG-12v2 were signifi cantly different from the SF-12v2. Content 
validity was assessed using percentage of variance (R²) of the Singapore version of SF-36v2 
PCS and MCS explained by the SG-12v2 items. Agreement between the SF-36v2 and the 
SG-12v2 was assessed using Bland-Altman diagrams. Criterion validity was demonstrated 
if effect size differences between SF-36v2 and SG-12v2 were small (Cohen’s criteria). 
Known-group validity of SG-12v2 was reported for participants with and without chronic 
diseases. Results: Five items differed between the SG-12v2 and SF-12v2. Bootstrap analysis 
confi rmed that SG-12v2 and SF-12v2 were signifi cantly different. The SG12v2 explained 
94% and 79% of the R² of the SF-36v2 PCS and MCS, respectively. Agreement was good 
and effect size differences were small (<0.3). Participants with chronic diseases reported 
lower SG-12v2 scores compared to participants without chronic diseases. Conclusion: The 
SG-12v2 offers advantage over the SF-12v2 for use in the general population of Singapore. 
The SG-12v2 is a valid measure and will be particularly useful for large population health 
surveys in Singapore. 

                               
                  Ann Acad Med Singapore 2016;45:228-36

Key words: Health-related quality of life, Singapore, Bland-Altman, Bootstrap 

Introduction
The Short Form-36 version 2 (SF-36v2) health-related 

quality of life (HRQoL) survey is a well established 36-
item instrument that had been used in many clinical and 
epidemiologic studies to assess the quality of life of subjects 
all around the world. Even though it consists of only 36 
items which can be completed within 5 to 10 minutes, in 
certain studies, it might be considered too lengthy.1 The 
SF-12 version 2 (SF-12v2) health survey was developed 
in the United States as a shorter alternative to the SF-
36v2.1 It represents a subset of items from the SF-36v2 

that adequately captures the variance in the HRQoL as 
measured by the SF-36v2 and can be used in large scale 
studies where researchers are interested in health states that 
may have different effects on overall physical and mental 
health outcomes. 

With longer life expectancy, HRQoL increasingly 
becomes an important topic of study among researchers 
worldwide. Between 2006 and 2015, 8 studies in Singapore 
were published using the SF-12v2 to measure HRQoL in 
specifi c populations2-9 and we believe that the number of 
studies using the SF-12v2 will continue to increase as the 
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SF-12v2 reduces the burden of completion compared to 
the SF-36v2. However, when we analysed the SF-12v2 in 
the Singapore general population, it was observed that the 
SF-12v2 could not be resolved into the expected physical- 
and mental-component summary score (PCS and MCS 
respectively) unlike the SF-36v2. Thus, the aim of this 
study was to identify the most suitable items to contribute 
to the Singapore SF-12v2 (SG-12v2) and to determine its 
validity and reliability for the multi-ethnic population of 
Singapore. The SG-12v2 should: 1) be representative and 
adequate in explaining the SF-36v2 PCS and MCS scores 
(content validity); 2) give similar PCS and MCS scores as 
the SF-36v2 instrument (criterion validity); and 3) detect 
differences in PCS and MCS between individuals with 
and without chronic medical conditions (i.e. known group 
validity).

Materials and Methods
Study Design and Participants

A total of 10,747 participants from 4 previous cross-
sectional surveys (from 1982 to 1998) were contacted 
between 2004 and 2007. Of these, 7188 participants were 
included in the analysis. The description of the demographics 
can be seen in Table 1. Detailed sample selection methods 
for the original studies have been described elsewhere.10-13 

Briefl y, all studies were a random sample of participants 
from the Singapore population, with disproportionate 
sampling stratifi ed by ethnicity to increase the numbers 
from the minority ethnic groups (Malays and Asian Indians). 
Questionnaires were administered at the subjects’ homes 
and all interviewed participants were invited to attend a 
clinical examination for additional tests and collection of 
biological specimens, shortly after the home visit. Ethics 
approval was obtained from 2 institutional review boards 
before study commencement. Informed consent was 
obtained before conducting the study.  

Data Collection
Data on demographic factors and medical history were 

collected using interviewer-administered questionnaires. 
Ethnic group was self-reported and participants were 
classifi ed as being Chinese, Malay or Asian Indian. Marital 
status was classifi ed as ‘never married’, ‘currently married’ 
or ‘separated/divorced/widowed’. Education level was 
determined through the number of years of schooling and 
was divided into 3 categories: <7 years, 7 to 10 years and 
>10 years. Working status was classifi ed as ‘working’ or 
‘not working’. Participants were categorised as ‘current 
smoker’ or ‘current drinker’ if they answered ‘yes’ to the 
question, ‘Do you smoke now?’ or ‘Have you consumed 
alcohol within the past three (03) months?’, respectively. 

History of chronic diseases was captured through self-report 
data. Participants were asked whether they had ever been 
told that they had hypertension, diabetes mellitus or high 
cholesterol. History of coronary heart disease was defi ned 
as a positive response to any of the 3 questions, ‘Has your 
doctor ever told you that you have blockage of the arteries 
to your heart?’ or ‘Have you had ever had a heart attack?’ 
or ‘Have you ever had angioplasty-ballooning or heart 
bypass operation procedures?’ Participants were also asked 
whether they had ever been told by a physician that they had 
a cerebrovascular accident (stroke). Information on other 
chronic diseases (lung disease, cancer, musculoskeletal 
illness and mental illness) was also captured. For the health 
examination, participants were examined in the morning 
after a 10-hour overnight fast. Details of health examination, 
blood draw, sample preparation and biochemical analyses 
were previously published.14 

Table 1. Characteristics of 7188 Subjects who Completed Either English 
or Chinese SF-36v2 in the Study

English Chinese

n = 6026 n = 1162

Age in years, mean (SD) 48.2 (12.5) 55.4 (11.2)

Sex, no. (%)   

Men 2917 (48.4) 492 (42.3)

Women 3109 (51.6) 670 (57.7)

Race, no. (%)   

Chinese 3704 (61.5) 1162 (100)

Malay 1166 (19.4)  

Indian 1156 (19.2)  

Marital status, no. (%)   

Never married 887 (14.7) 94 (8.1)

Currently married 4656 (77.3) 979 (84.3)

Separated/divorced/widowed 483 (8.0) 89 (7.7)

Years of education, no. (%)   

<7 years 1320 (21.9) 618 (53.2)

7 to 10 years 2165 (35.9) 400 (34.4)

>10 years 2541 (42.2) 144 (12.4)

Employed, no. (%) 4246 (70.5) 641 (55.2)

Housing type, no. (%)   

1 to 3 room fl at 984 (16.3) 283 (24.4)

4 to 5 room fl at 4019 (66.7) 771 (66.4)

Private condo/landed property 1023 (17.0) 108 (9.3)

Smoke, no. (%) 777 (12.9) 139 (12.0)

Drink, no. (%) 1400 (23.2) 226 (19.5)

Presence of disease, no. (%) 3344 (55.5) 746 (64.2)

Family functioning measure, mean (SD) 59.2 (18.2) 56.0 (16.7)
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Short Form-36 Version 2 (SF-36v2)
The Singapore version of the SF-36v2 was available 

in English, Chinese, Malay and Tamil. In this study, we 
analysed the data only for English and Chinese language 
SF-36v2 due to the small number of participants who 
completed the survey in Malay and Tamil. Data was pooled 
for the English and Chinese language surveys because 
it had been shown previously that the 2 languages were 
equivalent in our population.15 

Construction of Singapore 12 Version 2 
Individual items were recoded, summed and transformed 

as recommended in the SF-12v2 user manual.16  In particular, 
the General Health (GH) item needed to be recalibrated to 
satisfy the assumption of a linear relationship between item 
scores and the latent trait defi ned by their scales. Participants 
with missing item scores, sociodemographic and clinical 
data were excluded listwise from the analysis. 

We identifi ed the 12 items that would optimally be 
used as the SG-12v2 questionnaire in 2 steps using the 
methodology described in the SF-12v2 manual:16  First, we 
used forward stepwise regressions of the SF-36v2 items on 
Singapore SF-36v2 PCS and MCS to select items with the 
largest variance explained (R2) on the 2 summary scales. 
By defi nition, 2 items each from physical functioning 
(PF) and mental health (MH) scales were selected and 
1 item each from role-physical (RP), bodily pain (BP), 
social functioning (SF), and role-emotional (RE) scales 
was selected. Second, forward stepwise regressions were 
conducted by adding general health item, ‘In general, would 
you say your health was: (GH1)’ and the items from the fi rst 
forward regression. The combination of items from RP, RE 
and vitality (VT) that explained the greatest variation on the 
Singapore SF-36v2 PCS and MCS scores would determine 
the makeup of the SG-12v2. It is an international quality 
of life assessment (IQOLA) criterion that GH1 be included 
in all country-specifi c questionnaires because of its use 
as a single-item overall health measure in many HRQoL 
instruments.1 We then compared the items selected against 
items selected in various other countries derived from the 
published literature.1,17 

Non-parametric bootstrapping was conducted, after the 
SG12v2 items were identifi ed, to determine if there was a 
real difference between the SG-12v2 and SF-12v2 in their 
ability to explain variation (R2) in PCS and MCS scores. 
Since the SG-12v2 items were selected using the same 
data used to calculate the R2, an over-fi tting factor was 
calculated to adjust the 95% confi dence intervals (CI) of 
the difference in R2 between the SG-12v2 and SF-12v2 
items. The bootstrap and over-fi tting factor procedures are 
described in Appendix 1. Upon adjustment of the 95% CI, 

should the 95% CI contain the value 0, it would mean that 
there was no difference between the 2 sets of instruments 
and that the SF-12v2 might be applicable to the multi-ethnic 
Asian Singapore population.18 

Statistical Analyses 
The bootstrap procedure was conducted using R version 

2.14.2 (R Development Core Team, 2012)19 whilst the rest 
of the data analyses were performed using Stata version 
10 (StataCorp LP).  

Assessment of Content, Criterion and Known-Group 
Validity of the SG12v2

We assessed content validity in 2 ways: First, by the 
percentage of variance (R²) of the SF-36v2 PCS and MCS 
scores explained by the SG-12v2 items. The expected 
standard was ≥0.9;1,16 Second, Pearson correlations between 
the SG-12v2 and the SF-36v2 PCS and MCS are expected 
to achieve ≥0.9.1,16  Bland-Altman plots were used to enable 
us to visually assess the agreement between the SG-12v2 
and the SF-36v2 PCS and MCS values. Criterion validity 
was determined using effect size differences between 
the SF-36v2 and SG-12v2. Effect size difference was 
calculated by dividing the differences in the mean scores 
by the standard deviation (SD) of the SF-36v2 summary 
score.20 The SG-12v2 is considered to give similar results 
as the SF-36v2 if the effect size difference is smaller than 
the minimum important difference (MID; i.e., Cohen’s 
effect size of 0.3-0.5).17,21,22 We extended the evaluation of 
effect size difference to patients with and without a specifi c 
disease to determine how the instrument performed for 
the various groups. This would also provide evidence for 
known-group validity of the SG-12v2, where we expect 
participants without chronic diseases to have higher PCS and 
MCS compared to participants with any chronic diseases.  

Comparison of the Singapore and the United States’ (US) 
Instrument

Items from the 2 instruments were compared to determine 
the differences. Exploratory factor analyses was also 
conducted, for each of the instrument, and compared. The 
8 domains of the SF-36v2 were expected to resolve into 
2 factors, with PF and MH expected to have positive and 
strong association with their respective summary measures 
and negative association with the other summary measure.  

Results
Content, Criterion and Known-Group Validity of SG12v2

The SG-12v2 explained 94% and 79% of the total variance 
of the SF-36v2 PCS and MCS, respectively (Table 2). The 
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Pearson correlations between SG-12v2 and the SF-36v2 
PCS and MCS achieved the expected standard of 0.9 (PCS: 
0.96; MCS: 0.88). In addition, we plotted Bland-Altman 
diagrams to assess the agreement between the SG-12v2 and 
SF-36v2 PCS and MCS (Figs. 1 and 2). The plots showed 
that a majority of the data spread for both PCS and MCS 
was within the 95% confi dence interval (CI) band, indicating 
good agreement between the 2 instruments.  

Effect size difference between the SG-12v2 and the 
SF-36v2 scores were conducted across several chronic 
disease groups in Table 3. The SG-12v2 and SF-36v2 
detected similar signifi cant differences between each 
of the chronic disease group as well as the ‘no chronic 
disease’ group. The largest effect size between the SG-
12v2 and SF-36v2 scoring algorithms was the MCS score 
for subjects reporting psychological diseases, with a value 

Table 2. Items Comparison between the Singapore 12 Version 2 and the SF-12 Version 2

Singapore SF-12v2

Domain 
Item No.

SF-36 Item 
No.  Item Wording Domain Item 

No.
SF-36 Item 

No.  Item Wording

PF3* 3c Lifting/carrying groceries PF2 3b Moderate activities

PF8* 3h Walking several hundred metres PF4 3d Climbing several fl ights

RP2 4b Accomplished less RP2 4b Accomplished less

RP3 4c Limited in kind of work RP3 4c Limited in kind of work

BP2 8 Extent pain interfered with work BP2 8 Extent pain interfered with work

GH1 1 Your health is excellent…poor GH1 1 Your health is excellent…poor

VT4* 9i Feel tired VT2 9e Have a lot of energy

SF1* 6 Extent social activities interfered SF2 10 Frequency social activities interfered

RE2 5b Accomplish less RE2 5b Accomplish less

RE3 5c Didn't do work as carefully RE3 5c Didn't do work as carefully

MH3 9d Felt calm and peaceful MH3 9d Felt calm and peaceful

MH5* 9h Been a happy person MH4 9f Felt downhearted and low

PCS R² MCS R² 

0.938 0.788

MCS: Mental-component summary; PCS: Physical-component summary
*Item differs from the SF-12v2.

Fig. 1. Bland-Altman diagram shows the measure of agreement between 
Singapore SF-12v2 and SF-36v2 physical-component summary (PCS).  Majority 
of the data lies within 95% confi dence band indicating good agreement between 
the 2 instruments. Pitman's test of difference in variance: r = 0.063, indicating 
concordance between the 2 instruments.  

Fig. 2. Bland-Altman diagram shows the measure of agreement between 
Singapore SF-12v2 and SF-36v2 mental-component summary (MCS). Majority 
of the data lies within 95% confi dence band indicating good agreement between 
the 2 instruments. Pitman's test of difference in variance: r = 0.004, indicating 
concordance between the 2 instruments.  
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Table 3. Effect Size Comparison between Singapore SF-12v2 and SF-36v2 Scores across Chronic Disease Groups

 PCS MCS

Mean SD Mean SD

All subjects (n = 7188)

SF-36 50.1 9.8 50.0 10.0

SF-12 50.0 9.9 50.0 10.0

Effect size* 0.01 0.00

No chronic disease (n = 3098)

SF-36 52.2 8.1 50.6 9.6

SF-12 51.9 8.3 50.9 9.4

Effect size* 0.04 0.03

Any chronic disease (n = 4090)

SF-36 48. 5 10.6 49.5 10.2

SF-12 48.6 10.8 49.3 10.4

Effect size* 0.01 0.02

Cardiovascular disease (n = 3276)

SF-36 48.7 10.6 50.0 10.3

SF-12 48.9 10.8 49.8 10.4

Effect size* 0.02 0.02

Stroke (n = 111)

SF-36 40.0 14.0 46.8 13.0

SF-12 40.3 14.3 46.3 11.9

Effect size* 0.02 0.04

Diabetes mellitus (n = 754)

SF-36 46.6 12.4 48.0 11.0

SF-12 46.9 12.8 47.5 11.1

Effect size* 0.02 0.04

Psychological diseases (n = 74)

SF-36 38.1 14.3 42.3 11.7

SF-12 37.0 15.0 43.8 12.2

Effect size* 0.08 0.13

Pulmonary disease (n = 336)

SF-36 46.7 11.8 48.5 10.5

SF-12 47.0 11.9 48.2 10.7

Effect size* 0.03 0.03

Joint disease (n = 1535)

SF-36 45.7 11.5 47.7 9.8

SF-12 45.7 12.0 47.6 9.9

Effect size* 0.01 0.01

MCS: Mental-component summary; PCS: Physical-component summary
*Calculated by taking the difference between the mean SF-36v2 and SF-12v2 and dividing by the standard deviation (SD) of the SF-36v2.

of 0.13, which nonetheless was smaller than the defi nition 
of MID. In terms of known-group validity, as expected, 
subjects who reported as having some form of disease had 
lower PCS and MCS scores as compared to the subjects 
who indicated ‘no chronic disease’. 

Comparison of the Singapore and US Instruments 
The composition of SG-12v2 and SF-12v2 items can be 

found in Table 2. Five items (in asterisk) from the SG-12v2 
differed from the SF-12v2. Results from bootstrap analysis 
confi rmed that the items from SG-12v2 were indeed different 
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Table 4. Factor Score Coeffi cients‡ for the Singapore SF-12v2, the original SF-12v2 and the SF-36v2 PCS and MCS

Scales†

Factor Score Coeffi cients

SF-36v2 SG-12v2 SF-12v2

PCS MCS PCS MCS PCS MCS

Physical functioning 0.251* -0.0618 0.273* -0.121 0.0314 0.250*

RP 0.349* -0.147 0.305* -0.101 0.341* -0.107

BP 0.251* -0.0609 0.245* -0.0258 0.294* -0.0859

GH -0.187 0.464* -0.143 0.528* -0.179 0.471*

Vitality -0.146 0.457* -0.0473 0.413* -0.124 0.451*

Social functioning 0.221* 0.0204 0.215* 0.0316 0.241* 0.0128

RE 0.323* -0.124 0.298* -0.101 0.373* -0.172

Mental health -0.093 0.389* -0.105 0.507* 0.0269 0.260*

BP: Bodily pain; GH: General health; MCS: Mental-component summary; PCS: Physical-component summary; RE: Role-emotional; RP: Role-physical
*Indicate the higher weightage placed on the respective summary score. 
†8 Domains of the SF-36v2. 
‡Obtained from exploratory principal component factor analysis with Varimax rotation and used to compute the Physical- and Mental-component scores.

from the SF-12v2, since the 95% CI did not contain the 
value 0 for both PCS and MCS.  

Table 4 shows the results of the factor weights obtained 
from the exploratory principal component factor analysis for 
the 2 countries. Only the 12 items from Singapore were able 
to converge into the PCS and MCS. When we selected the 
same items as the SF-12v2 and subjected them to exploratory 
principal component factor analysis, 2 factors were derived 
but could not be meaningfully labelled as PCS and MCS 
because both PF and MH load on to the same factor.

Discussion
Our study showed that the 12 items selected to optimally 

represent the PCS and MCS of the SF-36v2 differed by 5 
items from those in the US. This was confi rmed through 
the bootstrap analysis. The SG-12v2 showed good 
content, criterion and known-group validity and attained 
good agreement with the SF-36v2 with no evidence of a 
systematic bias.

In trying to understand why the SF-12v2 could not 
converge into the summary component scores, we replaced 
1 of the 2 original SF-12v2 PF items with items from the 
SF-36v2 PF scale. We found that as long as the following 
items were not simultaneously selected, the modifi ed SF-
12v2 would resolve into PCS and MCS (results available 
on request): ‘Vigorous activities, such as running, lifting 
heavy objects, participating in strenuous sports’ (vigorous 
activities), ‘Moderate activities, such as moving table, 
pushing a vacuum cleaner, bowling, or playing golf’ 
(moderate activities) and ‘Climbing several fl ights of stairs’ 

(climbing stairs). Two possible explanations could help 
explain our fi ndings. First, although these 3 items measure 
physical activities, these activities require a certain level 
of mental toughness. Gerber et al, had previously showed 
a signifi cant association between higher levels of physical 
activities and increased mental toughness scores.23  Second, 
Singaporeans were found to be generally inactive, with 
activity levels below the recommended levels of physical 
activity (Fig. 3).24 Hence, these 3 items might be more 
diffi cult for respondents in the Singapore context. 

In the mental health scale, we found that 1 of the 2 mental 
health items differed between Singapore and the original 
instrument. We suspect that the reason why the item ‘During 
the past 4 weeks, have you felt downhearted and depressed’ 
was not appropriate in determining the mental health 
status of our local population was because Singaporeans, 
being Asians, still hold strongly to their culture and roots 
(depending on their ethnic background). As such, mental 
health issues are regarded as taboo topics for fear of facing 
discriminations by others.25,26 

An important strength of this study lies in the bootstrap 
analyses. To our knowledge, this is the fi rst study to use a 
1000 bootstrap with replacement analysis to measure the 
difference in R² between a localised version of SF-12v2 
and the original instrument. Furthermore, to ensure that the 
data was not over-fi tted, we adjusted the 95% CI with an 
over-fi tting factor. The fact that the results still showed that 
the SG-12v2 and the SF-12v2 were signifi cantly different 
accentuated the need for a local version of the SF-12v2. 
Our fi ndings are important for researchers and clinicians 
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Fig. 3. Graph showing the levels of physical activity engaged by the 7188 
Singaporean respondents. All activities: includes Transportation, Household, 
Leisure and Occupation activities.  Recommended level of Physical Activity 
= 450 METs per week (Source: Haskell WL, Lee IM, Pate RR, Powell KE, 
Blair SN, Franklin BA, et al. Physical activity and public health: updated 
recommendation for adults from the American College of Sports Medicine 
and the American Heart Association. Med Sci Sports Exerc 2007;39:1423-34). 
MET: Metabolic equivalent of task. 

who are interested in studying HRQoL in Singapore and 
around Southeast Asia.

This study is not without limitations. First, we restricted 
the item selection methodology to match what was used to 
develop the original SF-12. An alternative method might 
have been to use item response theory to customise the 
instrument to the population studied.27 Nonetheless, we 
chose to follow the same method as the original SF-12 to 
ensure that we did not deviate too much from the original 
intent of the developers.

Conclusion
In this multi-ethnic Asian population, the SG-12v2 had 

been showed to be as good a measure when compared to 
the SF-36v2. In addition, it is a necessary replacement of 
the SF-12v2 since the SF-12v2 cannot be resolved into PCS 
and MCS. Thus, in local clinical trials and large population-
based studies, should the SF-36v2 be deemed too long an 
instrument to be used, researchers can consider using the 
SG-12v2 as a substitute instrument.
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Appendix 1 

The bootstrap procedure is as follows:

0. Start with K = 1.

1. Generate a bootstrap sample with replacement from observed data.

2. Fit to the bootstrap sample, the Singapore PCS and MCS models using regression coeffi cients that have been optimised from the observed data. Call 
the R2 from these fi ts r2(K)*PCS and r2(K)*MCS.

3. Using the bootstrap sample, refi t the Singapore PCS and MCS models. Call the R2 from these fi ts r2(K)PCS and r2(K)MCS.

4. Fit the models obtained in step 3 onto the observed data. Call the R2 from these fi ts r2(K)PREDPCS and r2(K)PREDMCS.

5. Calculate ∆r2(K)*PCS =  r2(K)*PCS - r2PCS,US and ∆r2(K)*MCS = r2(K)*MCS - r2MCS,US where r2PCS,US and r2MCS,US are r-sq for US models from the observed data.

6. Calculate the over-fi tting factor for PCS as ŋ(K)PCS = r2(K)PCS - r2(K)PREDPCS. Do similarly for MCS model.

7. Redo steps 1 to 7 for K = 2,3…1000.

MCS: Mental-component summary score; PCS: Physical-component summary score; US: United States
Calculate the average over-fi tting factor for PCS model as ŋPCS = ave(ŋ(K)PCS) and calculate the bootstrap estimate of 95% confi dence intervals for ∆r2PCS 
using the percentile method and call the lower and upper bounds as ∆r2,LBPCS and ∆r2,UBPCS. The over-fi tting-corrected 95% confi dence intervals for ∆r2PCS is then 
calculated as (∆r2,LBPCS -ŋPCS; ∆r2,UBPCS -ŋPCS). Procedure for calculating the over-fi tting-corrected confi dence intervals for the MCS model follows similarly.
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Abstract
Introduction: Parenteral nutrition (PN) is indicated for patients who are unable to 

progress to oral or enteral nutrition. There are no local studies done on estimating the 
cost of PN in acute settings. The aims of this study are to describe the demographics, costs 
of PN and manpower required; and to determine the avoidable PN costs for patients and 
hospital on short-term PN. Materials and Methods: Patient data between October 2011 
and December 2013 were reviewed. Data collected include demographics, length of stay 
(LOS), and the indication/duration of PN. PN administration cost was based on the cost 
of the PN bags, blood tests and miscellaneous items, adjusted to subsidy levels. Manpower 
costs were based on the average hourly rate. Results: Costs for PN and manpower were 
approximately S$1.2 million for 2791 PN days. Thirty-six cases (18.8%) of 140 PN days were 
short-term and considered to be avoidable where patients progressed to oral/enteral diet 
within 5 days. These short-term cases totalled $59,154.42, where $42,183.15 was payable 
by the patients. The daily costs for PN is also signifi cantly higher for patients on short-term 
PN (P <0.001). Conclusion: In our acute hospital, 90% of patients referred for PN were 
surgical patients. Majority of the cost comes from the direct daily cost of the bag and blood 
tests, while extensive manpower cost was borne by the hospital; 18.8% of our cohort had 
short-term avoidable PN. Daily PN may cost up to 60% more in patients receiving short-
term PN. Clinicians should assess patient’s suitability for oral/enteral feeding to limit the 
use of short-term PN.

                               
                  Ann Acad Med Singapore 2016;45:237-44

Key words: Hospitalised, Avoidable, Nutrition support team

Introduction
Parenteral nutrition (PN) is indicated for patients who 

are unable to progress to oral or enteral nutrition. The 
European Society for Clinical Nutrition and Metabolism 
(ESPEN) and the American Society for Parenteral and 
Enteral Nutrition (ASPEN) both recommend PN if a patient 
is unable to progress to oral or enteral nutrition within 7 
days postoperatively.1,2 The ASPEN guidelines2 further 
recommend that “PN provided for duration of <5 to 7 days 
would be expected to have no outcome effect and may 
result in increased risk to the patient”. 

In a paper by the Nutrition Support Team (NST) in 
Singapore General Hospital,3 it was found that 14.9% of 

patients had PN durations less than 7 days. Approximately 
one-third of these patients were also found to have started on 
PN inappropriately, based on the ASPEN 2002 guidelines on 
the indication for nutrition support therapy.4 Inappropriate 
PN use is associated with medical complications and incurs 
additional costs for both patients and hospital.2,5,6 Delegge 
et al7 reported an additional US$80,000 PN hospital cost 
within 6 months for inappropriate PN use, while another 
study reported annual costs of US$81,000.8

The cost of PN varies across different parts of the 
world, due to the differences in healthcare subsidies and 
insurance coverage. PN can be in the form of premixed 
multichamber bags or pharmacy compounded all-in-one 
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bags, with the former at a lower price. The average costs 
for 1 day of PN therapy (inclusive of additives and service 
fees) in the United States is US$186.92 (S$244.87) for 
premixed multichamber bags and US$272.40 (S$356.84) 
for compounded PN.9 In Europe, premixed bags without 
additives may cost between €39.69 and €72.87 (S$63.90 
to S$117.32), while compounded bags cost between 
€46.04 and €82.02 (S$74.12 to S$132.05), depending 
on whether it is compounded within the hospitals or by 
subcontractors.10-12 The cost range for compounded PN in 
neighbouring Malaysia is reported to be between MYR 235 
to MYR 39813,14 (S$89.30 to S$151.24). However, majority 
of the authors only included manpower for preparing and 
administering the bags, and not the overall manpower 
required by NST that includes assessment, reviewing, 
nursing and phlebotomy. 

PN cost varies locally; depending on the negotiated price 
individual hospitals have with the compounding laboratory. 
A few hospitals have in-house laboratories to compound 
PN bags. Some hospitals also provide extra subsidies for 
patients while others do not. Hence, costs of compounded PN 
can range from S$150 to S$230. The variety of premixed 
bags available in each hospital also varies greatly, and costs 
can range anywhere from S$50 to S$130, based on the 
negotiated price between the hospital and the pharmaceutical 
companies. In our hospital, costs of premixed bags range 
from S$73 to S$127, and compounded bags from S$174 
to S$214, depending on the bag composition and volume.

Singapore has a complex system for medical bills, where 
the government/Ministry of Health (MOH) provides 
subsidies of up to 80% for the total bill in acute public 
hospital wards. This is the fi rst-tier of healthcare protection 
where the government-run hospitals will apply means testing 
to determine the level of subsidy for the patients. However, 
PN does not come at a subsidised cost in majority of the 
hospitals, as it is not classifi ed as a standard medication. As 
such, the second tier of protection, also known as Medisave, 
a compulsory individual medical savings account scheme, 
will pay for the cost of PN. The MOH reported an average 
Medisave balance of S$16,900 in the year 2010.15  However, 
the current Medisave withdrawal limit is S$ 450 per day, and 
patients have to pay the remaining daily hospital expenses 
that exceed this amount. Patients may be covered from the 
additional expenses through Medishield Life activation, 
which is the third tier protective insurance scheme, by the 
end of 2015.

There is currently no national policy or guidelines on 
the use of PN. Each hospital has its own set of PN policy 
and protocol; hence the types, frequencies and costs of 
blood tests and miscellaneous items (intravenous [IV] 
drip sets, IV pumps etc.) may differ as well. Manpower 
hours allocated to the administering of PN may also be 

different, with some hospitals having a NST to look after 
the patients on PN. The NST’s role in our hospital is to 
provide support and monitoring of patients on PN, and to 
assist in the transitioning of PN to enteral or oral nutrition.

Many studies pertaining to cost of PN generally were 
done on home PN, where patients require long-term 
nutritional support. There are no known local studies done 
on estimating the cost of PN support in acute settings, or for 
short durations of less than 5 days, regardless of intentional 
or unintentional short-term prescription. There are no known 
studies on manpower-related hours and costs involved in 
administering PN in the local healthcare settings.

The aims of this study are to: a) describe the demographics, 
costs of PN, associated blood tests, manpower as well as 
manpower hours required for patients on short-term PN 
less than 5 days; b) compare the average daily bill size of 
patients on short-term PN to patients who required PN on 
extended periods while warded; and c) determine the costs 
for patients and hospital on short-term PN that are avoidable.

Materials and Methods
Patients admitted to our hospital who received PN 

between October 2011 and December 2013 were eligible for 
analysis. The hospital started electronic ordering of PN since 
October 2011. Data collected include patient demographics, 
admission diagnoses, intensive care unit (ICU) admissions, 
hospital length of stay (LOS), indication and duration of 
PN, reasons for stopping PN, central line insertions, types 
of central lines and number of line changes. 

Patients were considered to be in the short-term avoidable 
PN group if they were started on PN and terminated within 5 
days.  Patients were excluded from analysis for PN≤ 5 days 
if they died within 5 days of commencing PN, multiple short 
periods (≤5 days) of PN in the same admission because of 
medical complications, refused PN after referral was made 
to the NST or transferred to another hospital within 5 days. 

Patients were considered to be in the unavoidable PN 
group if the number of PN days was >5 days and unable 
to progress to oral/enteral nutrition. Those started on PN 
for more than once in the same admission was considered 
as a single patient for cost and mortality analysis. Those 
who had PN support during the different admissions were 
considered as repeated patients for cost analysis.

Manpower hours and costs were calculated based on time 
spent by the NST (gastroenterology consultant, pharmacist 
and dietitian), additional nursing hours and phlebotomist 
hours. The NST does not charge patient per consult and hence 
manpower costs are fully borne by the hospital. Costs were 
obtained from the hospital’s human resources department, 
based on the average hourly rate in the year 2014 that the 
hospital was paying for each professional service.   
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PN cost was based on the cost of the bags to patients and 
adjusted according to the patient’s paying class (subsidised 
or private rates). Majority of the patients are provided with 
compounded PN in our hospital. Patients may start on 
premixed PN in the intensive care units over the weekend 
if the NST is not available to review the patient, and 
subsequently switched to compounded PN.

Costs for blood biochemistry were also calculated based 
on level of subsidies the patient receives, which can be up 
to 90% of usual costs. Only blood tests specifi cally ordered 
for PN monitoring were included (Table 1). Additional 
tests not in the PN protocol are not included in the fi nal 
bill size calculations. Daily blood glucose monitoring by 
fi nger prick test was also added to the costs of PN as they 
are charged to patients.

Peripherally inserted central catheter (PICC) line insertion 
was calculated and added to total costs if it was specifi cally 
inserted for nutrition support (Table 2). Additional line 
costs were included if the patient had received line changes 
during the PN period specifi cally for PN use. Central venous 
catheters were not factored into the cost as they were required 
for critically ill patients and not solely inserted for PN. 
However, changes from central to PICC lines were added 
into the fi nal cost if it was solely for PN use. Manpower 
costs for PICC line insertion were factored into total line 

costs. Miscellaneous items required for administration of 
PN were also included in the fi nal costing. These include 
the intravenous administration and dressing sets required. 

Table 1. Costs* and Frequencies of Blood Tests Required for PN Monitoring in Changi General Hospital

Blood Tests Baseline Week 1 Week 2 Subsequent Weeks Cost† Per Test (S$)

Urea

Compulsory Daily Alternate day Alternate day

0.08 – 7.00

Creatinine 0.08 – 7.00

Sodium 0.08 – 7.00

Potassium 0.08 – 7.00

Magnesium 0.08 – 12.00

Chloride 0.08 – 8.00

Bicarbonate 0.08 – 7.00

Glucose 0.08 – 6.50

Calcium
Compulsory Daily Once Once

0.08 – 7.00

Phosphate 0.08 – 8.00

LFTs

Compulsory Once Once Once

0.48 – 54.00

Lipid profi le 0.24 – 28.60

Pre-albumin 0.08 – 25.00

Prothrombin & partial 
thromboplastin time 0.16 – 29.10

Full blood count 0.08 – 14.52

Zinc 0.16 – 58.00

C-reactive protein
As required

As required As required
As required

0.08 – 12.00

Finger prick hypocount Every 6 hourly Reduced frequency 2.32 – 24.00

LFT: Liver function test
*Costs are dependent on the subsidy levels that patients received.
†Where the lower range of cost indicates cost for subsidised patients and the higher range for private full fee-paying patients.

Table 2. Costs* of PICC Line Insertion and Other Miscellaneous Items 
Required for the Provision of PN

Central Lines and Other 
Equipment Required Cost (S$)

PICC line inclusive of procedural 
costs 400.00 – 950.00 

Intravenous administration set 0.58 – 6.25 daily 

Basic dressing set 0.58 – 6.00 daily

Sterile gloves
Not applicable as it is included 

in standard daily treatment fee in 
the ward

Alcohol wipes

Disinfecting agents e.g. 
chlorhexidine

IV pump 

Not applicable as pumps 
are provided for free by 

pharmaceutical companies as per 
agreement with the hospital

IV drip pole Not applicable as it is not charged 
to patients

PICC: Peripherally inserted central catheter; IV: Intravenous
*Costs are dependent on the subsidy levels that patients received.
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Manpower hours were estimated by observation and 
recording of time taken for nursing staff to set up a new 
PN bag, the administrative work in preparing the tubes 
for blood collection, and handing over of information to 
staff for the next shift. Phlebotomy hours were estimated 
through observing and recording the time taken to obtain 
blood samples from patients. NST discussion and ward 
round timings for each patient was estimated at 10 minutes 
per patient. Time taken by the pharmacist in reviewing 
patients, ordering of bags and liaising with compounding 
pharmacy were also included. Dietitian review per patient 
was estimated for initial patient assessment, regular reviews 
and extra time required in weaning patient off PN.

Statistical Analysis
All data were entered into SPSS Version 19.0 (IBM, 

Chicago, IL). Tests were run at a two-tailed signifi cance 
level of 0.05. Normally distributed data was presented as 
median or mean ± SD. Independent t-test was used to detect 
any differences between continuous variables.

Results
A total of 192 patients were placed on PN between October 

2011 and December 2013. The demographics for the total 
patient population are as described in Table 3. The median 
LOS was 34 days with median PN administration of 9 days. 
Majority of the patients were surgical patients (90.1%) and 
30-day mortality rate was at 21.4%. Twenty-eight patients 

were excluded from the cost analyses and comparison 
analyses, of which 10 patients had multiple short periods 
(≤5 days) of PN in the same admission and 18 patients died 
within 5 days of commencing PN. The patients were started 
on PN for reasons as indicated in Table 4.

Thirty-six patients (18.8%) were placed on short-term 
PN. These patients were admitted for the following reasons: 
perforated gastric or intestinal ulcer requiring surgical 
intervention (n = 10); suspected  ileus/postoperative ileus (n 
= 7); small bowel obstruction requiring resections (n = 3) or 
conservative management (n = 3); bleeding gastrointestinal 

Table 3. Demographics of Patients on PN Support in the Hospital

Baseline Demographics

No. of patients 192

Patient paying class type (%)

Private 33 (17.2)

Subsidised 159 (82.8)

Age (years) 65.6 ± 15.7

Median length of stay (days) 34 (min 6 – max 290)

Median length of PN days (days) 9 (min 2 – max 267)

Total PN days (days) 2791 

Sex (%)

Male 113 (58.9)

Female 79 (41.1)

Patient type (%)

Surgical 173 (90.1)

Medical 19 (9.9)

Mortality (%)

Died while on PN 18 (9.4)

30-day 41 (21.4)

PN: Parenteral nutrition

Table 4. Comparison between Patients on Short-term Avoidable and 
Unavoidable PN

Short-term
(n = 36)

Unavoidable
(n = 128)

Reasons for PN

Bowel ischaemia 0 3

Conservative management 
(NBM ≥7 days) 14 30

Ileus 7 24

Intestinal/gastric obstruction 6 15

Poor nutritional status (pre- 
and post-operation) 5 23

Short bowel syndrome 0 3

Postoperative complications 
(e.g. anastamotic leak) 2 23

Unable to progress to EN or 
oral diet 2 7

Patient type

Surgical 30 119

Medical 6 9

Gender

Male 22 77

Female 14 51

Age 61.3 ± 15.5 67.0 ± 15.4*

PN days

Total 140 2268

Median 4 11

Reasons for termination of PN

Progressed to oral diet 26 83

Progressed to enteral feeding 10 32

Line infection requiring 
removal of PICC line - 5

Death†/palliation - 4

Others (refusing PN therapy, 
transfer to other facilities) - 4

EN: Enteral nutrition; NBM: Nil by mouth; PICC: Peripherally inserted 
central catheter; PN: Parenteral nutrition
*Nil signifi cant difference between the 2 groups.
†Excluding patients who died within 5 days after commencing PN. 
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tract (n = 3); bowel ischaemia (n = 2); gastric outlet 
obstruction requiring stenting (n = 2); pancreatitis (n = 1); 
pancolitis (n = 1); esophageal varices (n = 1); advanced 
rectal cancer requiring resection (n = 1); ruptured liver cyst 
(n = 1); and colon cancer with suspected anastamotic leak 
postoperation (n = 1). All of these 36 patients progressed 
to oral/enteral nutrition within 5 days of commencing PN.

Total PN and manpower costs for all 192 patients add 
up to S$1,258,290.68 for the 2791 PN days (S$450.84 
per PN day) (Table 5). Of the total costs, S$589,561.36 
(46.9% of total costs) was payable by the patients through 
their Medisave account/cash/insurance, with S$433,135.15 
subsidised by the hospital or MOH based on the prevailing 
subsidy rates. Total manpower costs not charged to patients 

Table 5. Total Administrative and Manpower Costs Related to PN for All 192 Patients

PN Cost Components
Full Fee Paying Patients 

(Private Class) (S$)
n = 33

Subsidised Patients 
Before Subsidy (S$)

n = 159

Subsidised Patients 
After Subsidy (S$)

n = 159

Total Costs Before 
Subsidy (S$)

n = 192

Total costs for PN administration 182,108.87 840,587.64 407,452.49 1,022,696.51

Central line insertion 31,350.00 140,600.00 59,600.00 171,950.00

Parenteral nutrition 96,816.95 449,344.66 340,732.40 546,161.61

Blood tests 43,345.92 199,018.98 2,129.77 242,364.90

Miscellaneous items* 10,596.00 51,624.00 4,990.32 62,220.00

Manpower costs not charged to patients 42,446.17 193,148.00 NA 235,594.17

Pharmacist 30,168.67 136,777.33 - 166,946.00

Dietitian 4430.00 20,266.67 - 24,696.67

Physician 3820.00 17,575.00 - 21,395.00

Nursing 2722.50 12,661.00 - 15,383.50

Phlebotomy 1305.00 5868.00 - 7173.00

NA: Not applicable; PN: Parenteral nutrition
*Include daily dressing and IV drip set.

amounted to S$235,594.17.
Thirty-six cases (18.8%) with a total of 140 PN days 

were considered to be short-term PN as they had less than 
5 days of PN (range of 2 to 5 days) and were progressed to 
oral diet (n = 26) or enteral feeding (n = 10) within 5 days 
of commencing PN. These short-term PN cases totalled 
S$59,154.42, of which S$42,183.15 was payable by the 
patients after MOH and hospital subsidies were applied 
on the blood tests and PN formulations. 

The mean daily PN cost for private class patients was 
higher for those on short-term avoidable PN compared to 
those of unavoidable PN, which may be up to 60% more 
(Table 6). The total costs were affected mainly by the 
cost of PICC line insertion, daily blood analyses for the 

Table 6. Itemised Daily Parenteral Nutrition Costs for Private and Subsidised Class Patients

Itemised Daily Costs Avoidable (PN Days ≤5) (S$) Unavoidable (PN Days >5) (S$) P Value

Private class patients n =  10 n = 22

Total PN costs without PICC line   367.96 ± 26.13 312.39 ± 24.39 <0.001

Total PN costs with PICC line 603.88 ± 183.54 376.73 ± 57.22 0.003

PN bag 195.13 ± 9.06 194.94 ± 12.50 NS

Blood analyses 136.83 ± 24.88 93.59 ± 17.65 <0.001

Miscellaneous items* 36.00 ± 0.00 23.86 ± 6.73 <0.001

Subsidised class patients n = 26 n = 106

Total PN costs without PICC line costs 138.27 ± 29.24 151.76 ± 9.10 0.028

Total PN costs with PICC line costs 206.47 ± 79.65 185.67 ± 29.28 NS

PN bag 133.42 ± 29.24 147.92 ± 9.26 0.019

Blood analyses 1.32 ± 0.41 1.20 ± 0.50 NS

Miscellaneous items 3.52 ±0.23 2.66 ± 0.65 <0.001

NS: Not signifi cant; PICC: Peripherally inserted central catheter; PN: Parenteral nutrition
*Include IV drip set and wound dressing set. 
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Table 7. Comparison of Average Daily Manpower Hours Required for Patients with Avoidable Versus Unavoidable PN

Manpower
Avoidable PN

n = 36
Unavoidable PN

n = 128
P Value

Pharmacist (hours) 1.28 ± 0.24 1.17 ± 0.49 <0.001

Dietitian (hours) 0.41 ± 0.02 0.25 ± 0.05 <0.001

Nutrition support physician (hours) 0.17 ± 0.00 0.13 ±0.01 <0.001

Nursing (hours) 0.25 ± 0.00 0.25 ±0.01 NS

Phlebotomy (hours) 0.25 ± 0.00 0.16 ± 0.03 <0.001

Total

Daily manpower (hours) 2.35 ± 0.02 1.96 ± 0.11 <0.001

Daily manpower cost (S$) 102.83 ± 1.09 87.61 ± 3.79 <0.001

NS: Not signifi cant; PN: Parenteral nutrition

fi rst 5 days of PN, and the miscellaneous items required 
for administration. For long-term PN patients, the cost of 
initial PICC line insertion was averaged out and less blood 
analyses were required, which signifi cantly reduced daily 
average cost. This was not replicated in the subsidised patient 
group. This is likely due to the large subsidies provided for 
PICC line insertions and blood analyses, which may be 
as high as 80%. Total PN-related costs for a private class 
patient is approximately 2.5 times higher than a subsidised 
class patient. 

In addition, 326.67 manpower hours were incurred for 
these 36 patients, which is an additional manpower cost 
of S$14,400.33. The average daily manpower hours for 
pharmacist, dietitian, nutrition support physician and 
phlebotomy were signifi cantly higher in these patients as 
well (Table 7), due to higher manpower needs during the 
initial assessment and monitoring phases for PN initiation. 
As a result, average daily manpower cost is also higher 
in these patients (Table 7). Nursing manpower hours 
was similar between the 2 groups, as the similar nursing 
procedures or needs are required for each PN day.

Discussion
This is the fi rst local study that reported the total costs 

related to PN. Majority of the patients referred for PN in 
our institution are surgical patients, where patients with 
postoperative complications and ileus accounting for 
one-third of the referrals. The median length of PN days 
is 9 days, similar to other local studies.3,16 The total costs 
inclusive of manpower for 2791 PN days was approximately 
S$1.2 million (S$450.84 per PN day). The main cost 
components are from blood tests and PN formulations, 
which accounted for three-quarters of the total costs. While 
it is not a huge component of healthcare cost in Singapore, 
it should be treated with importance as the patients paid 
for nearly half of the PN-related bills, as PN does not 

qualify for major subsidies. Majority of the PN patients 
were receiving subsidised medical care and the amount of 
subsidies provided amounted to approximately S$433,000, 
with the patients paying the remnant S$590,000 (46.9% 
of total costs). Manpower costs amounted to S$235,000 
for the 2791 PN days and this was not included in the bill.

In our PN population, majority of patients on PN can 
progress safely to oral or enteral nutrition. Of the 36 patients 
with short-term PN, all of them progressed safely to oral 
and enteral nutrition without any complications and may 
have avoided the need for PN. A total of 140 PN days (S$ 
525.39 per PN day) could have been saved if patients were 
transitioned to oral/enteral nutrition earlier. This would 
have also saved approximately S$74,000 (PN-related 
and manpower costs), of which S$43,000 (57.3%) were 
payable by the patients. While PN is indicated for patients 
who are unable to progress to enteral or oral diet within 5 
to 7 days, it could have been avoided in these 36 patients 
if they were trialled on oral/enteral feeds before referring 
for PN support. 

Similar conclusions encouraging the trial of oral or enteral 
feeding have been reported by other authors.3,6-8,16 A large 
number of studies have shown that enteral nutrition can 
be started for patients postgastrointestinal surgery without 
problems.17-20 Surgical teams should assess patient suitability 
for insertion of a feeding jejunostomy during the time of 
operation. This will help reduce the need for postoperative 
PN support. In our patient group, majority of the patients 
did not require insertion of feeding tubes and could have 
progressed to oral trials easily. 

In the Singapore healthcare model where maximum daily 
Medisave withdrawal is only S$450, this has implications 
on the daily medical bills. For example, a subsidised patient 
would have spent half of the daily permissible Medisave 
withdrawal on paying the PN associated bills. Any excess 
payments would have to be paid in cash if the patient has 
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no other healthcare insurance. This will deplete Medisave 
funds, which may be required in future hospital admissions 
or other medical payments. 

Additionally, the provision of PN requires intensive 
manpower to assess patient, monitor progress, preparation 
and administration of PN bags. Approximately 327 hours, 
translating to S$14,400 was invested on patients with 
short-term PN that were avoidable. Better manpower could 
have been spent on other aspects of patient care, should 
the patient have been initiated with enteral nutrition or oral 
diet. Initiating enteral or oral nutrition will result in 10 to 
15 fold decreases in hospitalisation costs based on a 1500 
to 2000 kcal daily requirement.

Initiation of PN requires extensive blood tests that are 
costly for the institutions as majority of the blood tests, are 
provided at a subsidised rate. Central venous line insertion 
is also required for central PN initiation and PICC line is the 
main option for patients in our institution. For the short-term 
PN cases, the insertion of central venous lines increases the 
medical cost and risk of line infections for these patients. 
PN is associated with increased central line-associated 
bloodstream infections in a number of studies.21-24 

Initiating PN also requires additional blood taking, 
which may lead to spurious blood work.25 Although such 
occurrences are rare and we were unable to identify if any of 
our patients had spurious blood work for this study, it may 
possibly lead to unnecessary medical intervention and costs. 
The initiation of PN in these patients may have inadvertently 
increased the LOS and the medical bill size because of the 
extended period of stay. The Enhanced Recovery After 
Surgery (ERAS®) guidelines for elective colorectal surgery 
recommend “preoperative fasting should be minimised 
and postoperatively patients should be encouraged to take 
normal food as soon as possible after surgery”.26

One of the limitations in this study is that we estimated the 
time taken for individual patient review. However, it is likely 
that we may have underestimated the time taken as patients 
on PN tend to have more complicated medical conditions, 
hence requiring much more time during the ward rounds. 
The other limitation is that we were unable to determine 
the number of patients who required activating Medishield 
coverage or fi nancial support assistance from the hospital’s 
social work department. This has implications on the fi nal 
medical bill size that the patient needs to pay, as well as the 
amount of fi nancial assistance the hospital needs to provide 
should the patient have insuffi cient medical funds coverage.

Conclusion
In this study, 90% of patients in our acute care hospital 

who were referred for PN had underlying surgical conditions. 
The total cost of providing PN, including manpower 

cost, was $450.87 per PN day of which 46.9% of total 
cost was payable by patients. Majority of the cost for PN 
administration came from the cost of PN bags and blood 
tests; 18.8% of our study cohort had short-term PN which 
could have been avoided. This translated to higher PN cost at 
$525 per PN day, of which 57.3% was payable by patients. 
The cost for patients on short-term avoidable PN was up 
to 60% more compared to those who needed long-term 
PN. In addition, extensive manpower hours were required 
to manage this group of patients and manpower costs of 
S$14,400.33 were fully borne by the hospital. Clinicians 
should assess patient’s suitability for oral/enteral feeding 
to limit the use of short-term PN. The MOH may also need 
to look into the possibility of providing subsidy for PN, or 
include PN to be centrally purchased through the healthcare 
cluster’s Group Procurement Offi ce. This will standardise 
the price of PN and benefi ts from bulk purchase will be 
passed on to the patients.
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Abstract
Introduction: Increasing resistance in Escherichia coli and Klebsiella pneumoniae to fi rstline 

antibiotics makes therapeutic options for urinary tract infections (UTIs) challenging. This 
study investigated the in vitro effi cacies of 6 antibiotics against multidrug resistant (MDR) 
uropathogens. Materials and Methods: Minimum inhibitory concentrations to ceftibuten, 
cefpodoxime, fosfomycin, mecillinam, temocillin, and trimethoprim were determined against 
155 MDR-isolates of E. coli and K. pneumoniae. The presence of extended-spectrum beta-
lactamases (ESBL) and plasmid-borne AmpC enzymes was determined by phenotypic testing 
with genotyping performed by multiplex polymerase chain reaction. Results: Temocillin 
demonstrated highest susceptibility rates for both E. coli (95%) and K. pneumoniae (95%) 
when breakpoints for uncomplicated UTIs were applied; however, temocillin susceptibility 
was substantially lower when “systemic infection” breakpoints were used. Fosfomycin 
demonstrated the best in vitro effi cacy of the orally available agents, with 78% and 69% of E. 
coli and K. pneumoniae isolates susceptible, respectively. The next most effective antibiotics 
were ceftibuten (45%) and mecillinam (32%). ESBL and ampC genes were present in 47 
(30%) and 59 (38%) isolates. Conclusion: This study demonstrated few oral therapeutic 
options for MDR-uropathogens, with fosfomycin demonstrating the best in vitro activity.

                               
                Ann Acad Med Singapore 2016;45:245-50

Key words: Extended-spectrum beta-lactamases, Fosfomycin, Temocillin, Ceftibuten

Introduction
Urinary tract infections (UTIs) are one of the most 

common bacterial infections worldwide. Enteric Gram-
negative organisms account for more than 90% of UTIs, 
of which Escherichia coli remains the predominant 
uropathogen. UTIs also remain as one of the most common 
indications for antimicrobial prescription.1 Current 
guidelines recommend nitrofurantoin and trimethoprim-
sulfamethoxazole as fi rstline antimicrobials for treatment 
of acute uncomplicated cystitis, with fl uoroquinolones and 
β-lactams listed as alternative options.1 However, resistance 
among uropathogens against these prescribed antibiotics is 
increasing worldwide. Rising antibiotic resistance poses a 
serious public health threat and therapeutic challenge. As 
initial treatment of acute uncomplicated cystitis is typically 

empirical, likelihood of clinical failure overshadows the 
benefi ts of a specifi c empirical drug therapy as population 
resistance towards the drug increases.1 This limits 
therapeutic options and delays appropriate therapy. Reduced 
susceptibility to oral antibiotics also results in an increased 
use of broad-spectrum, intravenous antibiotic therapy for 
treatment of uncomplicated UTIs. Additional hospitalisation 
increases both individual and national demands for scarce 
healthcare resources, which emphasises the need to search 
for alternative agents in the treatment of multidrug resistant 
(MDR) UTIs. Regional data suggests that antibiotic 
resistance in uropathogens to recommended fi rstline 
antibiotics is prevalent in the Asia Pacifi c region,2 while local 
data from Singapore indicates that resistance to quinolones, 
trimethoprim-sulfamethoxazole and cephalothin exceeds 
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30%.3 The worldwide spread of broad-spectrum beta-
lactamases such as extended-spectrum beta-lactamases 
(ESBLs) and plasmid-borne AmpC enzymes represent an 
additional threat to therapeutic options for UTIs.

Alternative and less commonly used oral antibiotics for the 
treatment of UTIs include third generation cephalosporins, 
pivmecillinam (in European countries) and fosfomycin; 
while temocillin has been suggested as a potential 
intravenous therapeutic option instead of carbapenems or 
third-generation cephalosporins. Trimethoprim has been 
used in the United Kingdom as fi rstline therapy for UTIs, 
as the absence of the sulphonamide component may reduce 
the risk of adverse reactions. However, these alternative 
antibiotics are not commonly used in Singapore and there 
is no data on local susceptibility. This study was performed 
to evaluate the in vitro effi cacy of these 6 antibiotics 
uncommonly used in Singapore against MDR uropathogens.

Materials and Methods
This single centre retrospective study consisted of 

Escherichia coli (n = 81) and Klebsiella pneumoniae (n = 74) 
clinical urinary isolates collected from 2005 to 2013, with 
routine disc susceptibility testing performed according to 
guidelines from the Clinical Laboratory Standards Institute 
(CLSI).4 Test isolates were selected based solely on the 
presence of an MDR-phenotype, defi ned as “resistance to 3 
or more antimicrobial classes”.5 Study isolates were nearly 
all resistant to amoxicillin-clavulanate (87%), ciprofl oxacin 
(97%), cephalexin (95%), cefuroxime (96%) and 
trimethoprim-sulfamethoxazole (87%), and predominantly 
resistant to ceftriaxone (52%) and nitrofurantoin (55%). 
Phenotypic screening for ESBL was performed by the disk 
approximation method and confi rmed by supplemental 
double-disk testing. Phenotypic screening for AmpC beta-
lactamases was performed on cefoxitin-resistant isolates, 
using a previously described method.6 

Susceptibility testing to fosfomycin was performed by the 
reference agar dilution method, as broth dilution methods 
are not recommended by the CLSI. Doubling dilutions of 
fosfomycin (testing range, 0.5-256 mg/L) were prepared 
in Mueller Hinton agar (Becton Dickinson) supplemented 
with 25 mg/L glucose-6-phosphate (Sigma-Aldrich). 
Bacterial isolates were inoculated using an inoculum 
replicator which delivered 104 CFU/10 μl. Susceptibility 
testing for mecillinam (testing range, 0.06-64 mg/L), 
ceftibuten (0.06-64 mg/L) and trimethoprim (0.5-32 
mg/L) was performed by microbroth dilution according to 
current CLSI guidelines.4 Serial dilutions of each antibiotic 
(Sigma-Aldrich, Singapore) in solution were inoculated into 
96-well microtitre trays which were stored at -70°C until 
required. On the day of testing, a 0.5 McFarland suspension 
of each isolate was inoculated and trays incubated at 35°C 

for 18 hours in an ambient air condition. Susceptibility 
testing for temocillin and cefpodoxime was performed by 
Etest® (bioMérieux, France), according to manufacturer’s 
guidelines, as the test compounds were not commercially 
available for preparation of broth dilution. Etest® strips were 
applied on Mueller Hinton agar inoculated with bacterial 
suspensions and inhibition endpoints interpreted following 
18 hours of incubation at 35°C. Concurrent quality control 
testing for all test methods was performed according to 
standard CLSI guidelines. Antibiotic susceptibilities for 
cefpodoxime, ceftibuten, fosfomycin, mecillinam and 
trimethoprim were interpreted using current breakpoints 
from the CLSI.4 For isolates with detected ESBL or AmpC 
enzymes, cephalosporin susceptibilities were interpreted 
as resistant regardless of the tested minimum inhibitory 
concentration (MIC).  In the absence of formal breakpoints 
for temocillin, susceptibilities were interpreted using MIC 
breakpoints from the British Society for Antimicrobial 
Chemotherapy (BSAC),7 which defi nes Enterobacteriaceae 
as susceptible  if the MIC is ≤8 mg/L in systemic infections, 
or ≤32 mg/L in UTIs.

Multiplex polymerase chain reaction (PCR) was 
performed to characterise ampC and ESBL genes. Colonies 
were emulsifi ed in 100 μl of sterile water, and 5 μl of the 
suspension was used for PCR. Testing for blaSHV, blaTEM 
and blaCTX-M and plasmid-borne ampC genes was performed 
by methods previously described.8,9 

 
Results

When considering the study isolates as a whole, temocillin 
and fosfomycin demonstrated the best in vitro effi cacy. 
Temocillin susceptibility was dependent on the breakpoints 
applied, with 147 (94.9%) isolates susceptible when 
applying “urinary infection” breakpoints compared with 
55 (35.5%) isolates susceptible when “systemic infection” 
breakpoints were applied. The in vitro effi cacy of fosfomycin 
was lower, with 114 (73.5%) isolates tested as susceptible. 
Susceptibilities for the 4 other tested antibiotics were less 
than 50%, with highest resistance to trimethoprim. Of note, 
resistance to mecillinam was high with only 49 (31.6%) 
study isolates susceptible.

There were species-specifi c differences in susceptibility to 
the tested antibiotics. Most E. coli isolates were susceptible 
to temocillin (n = 77, 95%) based on “urinary infection” 
breakpoints, but susceptibility was much lower (n = 36, 
44.4%) when using “systemic infection” breakpoints 
(Table 1). The other antibiotics with relatively good in vitro 
activity against E. coli were fosfomycin (n = 63, 77.8%) 
and ceftibuten (n = 51, 63%), with lower susceptibility 
to cefpodoxime (n = 38, 46.9%) and mecillinam (n = 40, 
49.4%). As seen for E. coli, temocillin susceptibilities in K. 
pneumoniae varied depending on the breakpoint chosen, with 
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94.6% (n = 70) susceptible when using “urinary infection” 
breakpoints, compared with 25.7% (n = 19) susceptible when 
using “systemic infection” breakpoints. K. pneumoniae 
isolates were also mostly susceptible to fosfomycin (n = 51, 
68.9%), with signifi cantly lower susceptibility to ceftibuten 
(25.7%), cefpodoxime (24.3%), mecillinam (12.2%) (Table 
2). Susceptibility to trimethoprim was equally low for both 
E. coli (n = 64, 13.6%) and K. pneumoniae (n = 20, 12.2%).

Fosfomycin MIC testing showed that E. coli had very 
different MIC distributions compared to K. pneumoniae 
(Fig. 1), with the current fosfomycin breakpoint bisecting 
the normal MIC distribution for Klebsiella species. In our 
study population, current fosfomycin breakpoints would 
have an increased tendency for intermediate susceptibility 
results when testing K. pneumoniae against this antibiotic. 
The MIC50 value for temocillin was 12 mg/L for E. coli 
and 16 mg/L for K. pneumoniae, which straddles the 8 
mg/L and 32 mg/L breakpoints for urinary and systemic 
infections, respectively. This distribution of temocillin 
MIC values explains the wide variation of susceptibility 

depending on whether a “urinary” or “systemic infection” 
breakpoint was applied.

ESBLs were present in 15 (18.5%) E. coli and 32 (43.2%) 
K. pneumoniae isolates. The predominant ESBL genes 
present were CTX-M, which were detected in 87% of 
all ESBL-positive isolates of E. coli and K. pneumoniae. 
Plasmid-borne AmpC genes were present in 20 (24.7%) E. 
coli and 39 (52.7%) K. pneumoniae isolates, with CIT-like 
genes predominantly found in E. coli and DHA-like genes 
predominantly found in K. pneumoniae. As expected, MIC 
values for cephalosporins were signifi cantly elevated for 
both E. coli (Table 1) and K. pneumoniae in the presence of 
either ESBL or AmpC enzymes (Table 2). The presence of 
either ESBL or AmpC beta-lactamases did not signifi cantly 
affect overall susceptibilities to fosfomycin, mecillinam or 
temocillin (P >0.05) (Tables 1 and 2).

 Discussion
In this study of MDR E. coli and K. pneumoniae urinary 

Fig. 1. Charts showing the MIC distributions for fosfomycin and temocillin. Dotted lines show susceptibility breakpoints for fosfomycin (S ≤64, R ≥256) and temocillin (U 
= “urinary infection” breakpoints, S ≤32; S = “systemic infection” breakpoints S ≤8). 
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isolates, the oral antibiotic with the best in vitro activity was 
fosfomycin with susceptibility rates of 77.8% in E. coli and 
68.9% in K. pneumoniae. Temocillin also demonstrated 
high (>94%) in vitro susceptibility for both E. coli and K. 
pneumoniae when the lower “urinary infection” breakpoints 
were applied. The breakpoints for temocillin fall in the 
middle of the MIC distributions for K. pneumoniae (and to 
a lesser extent, E. coli), which resulted in signifi cantly lower 
susceptibility rates when “systemic infection” breakpoints 
were applied. This effect also reduces the reproducibility of 
susceptibility testing for temocillin against these organisms. 
Similar temocillin MICs have been reported in other studies 
on ESBL-producing E. coli isolates.10 In the Singapore 
context, empirical use of temocillin for MDR-resistant E. 
coli and Klebsiella spp. would only be appropriate for the 
treatment of uncomplicated UTIs, with the added caveat 
that temocillin is only available for administration via the 
intravenous route. Both fosfomycin and temocillin remained 
equally effective in MDR-isolates carrying ESBL or AmpC 
beta-lactamases. 

Ceftibuten is an oral cephalosporin, with enhanced stability 
against beta-lactamase activity in Enterobacteriaceae. In 
the absence of either AmpC or ESBL enzymes, 98.5% of 
urinary isolates were susceptible to ceftibuten, which made 
this the best alternative antibiotic in strains lacking extended-
spectrum cephalosporinases. In contrast, only 46.9% and 
24.3% isolates of E. coli and K. pneumoniae were susceptible 
to cefpodoxime, with 75.8% susceptibility in isolates without 
AmpC or ESBL enzymes. A few isolates with ESBL or AmpC 
enzymes demonstrated in vitro susceptibility to ceftibuten 
and cefpodoxime, with MIC values in the susceptible range. 
The clinical extrapolation of these in vitro results to clinical 
outcomes remains uncertain, but conventional guidance 
suggests the use of non-cephalosporin agents in ESBL or 
AmpC-producing strains.

In comparison to other surveys, less than a third of tested 
isolates were susceptible to mecillinam, even in the absence 
of ESBL or AmpC enzymes. These results were unexpected 
because neither temocillin nor pivmecillinam are available 
in Singapore, and because studies in other geographic 
regions have shown more promising results. However, in 
vivo data demonstrates there are multiple genetic pathways 
that may give rise to mecillinam resistance,11 and there is 
one other study from Southeast Asia that similarly reports 
lower rates of susceptibility to this antibiotic.12 Additional 
epidemiological studies would be recommended to 
adequately assess the extent of mecillinam resistance in 
this geographic region. 

There is a paucity of clinical data for the use of these 
alternative antibiotics for the treatment of UTIs. The most 
substantial body of data exists for fosfomycin, both for 
the treatment of uncomplicated UTI and other UTIs with 
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Abstract
Introduction: Bicuspid aortic valve (BAV) is the most common form of adult congenital 

heart disease. When compared to patients with a normal trileafl et aortic valve, dilatation 
of the aortic root and the ascending aorta (Asc Ao) are the common fi ndings in patients 
with BAV, with consequent higher risk of developing aortic aneurysm, aortic dissection 
and rupture. We aim to determine the site of the Asc Ao where maximum dilatation 
occurs in Asian adult patients with BAV. Materials and Methods: All subjects underwent 
full echocardiography examination. The diameter of the Asc Ao was measured at 3 cm, 
4 cm, 5 cm, 6 cm and 7 cm from the level of aortic annulus to the Asc Ao in 2D from the 
parasternal long-axis view. Results: A total of 80 patients (male/female: 45/35; mean age: 45.3 
± 16.2 years) with congenital BAV and 30 normal control group (male/female: 16/14; mean 
age: 45.9 ± 15.1 years) were enrolled. The indexed diameters of the Asc Ao were signifi cantly 
larger than the control group. In patients with BAV, maximum dilatation of Asc Ao occurred 
around 6 cm distal to the aortic annulus. Conclusion: In patients with BAV, dilatation of Asc 
Ao is maximal at the mid Asc Ao region around 6 cm distal to the aorta annulus.  
                             

                     Ann Acad Med Singapore 2016;45:251-5
Key words: Valvular heart disease

Introduction
Bicuspid aortic valve (BAV) is the most common form 

of adult congenital heart disease.1-4 When compared to 
patients with a normal trileafl et aortic valve, dilatation of 
the aortic root and the ascending aorta (Asc Ao) are the 
common fi ndings in patients with BAV, with consequent 
higher risk of developing aortic aneurysm, aortic dissection 
and rupture.5-8 

The dilatation of any or all segments of the proximal 
aorta from the aortic root to the aortic arch, called bicuspid 
aortopathy, is present in approximately 50% of affected 
persons9-12 and is a challenging clinical issue. There is 
not only marked variability in the phenotype of bicuspid 
aortopathy, but also the presence and severity of the aortic 
dilation appear to be independent of the degree of valvular 
dysfunction.13-16 

Limited data is available on the site of the Asc Ao where 
maximum dilatation occurs. We aim to determine the site 
of the Asc Ao where maximum dilatation occurs in adult 
Asian patients with BAV. This is important in the serial 
follow-up of BAV patients with dilated Asc Ao to ensure 
that the region of maximal dilatation is not overlooked 
and is accurately measured at each follow-up echo study.

Materials and Methods
All adult patients aged from 19 to 70 years old on follow-up 

at the National Heart Centre, Singapore who were diagnosed 
with BAV were recruited into the study. In addition, normal 
controls who had echocardiography done for evaluation of 
murmurs, other cardiac symptoms and subsequently found 
to be normal were retrospectively studied for comparison. 
Patients with aortic coarctation, transposition of the great 
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arteries or other congenital cardiac defects, connective 
tissue disorders like Marfans, Ehlers-Danlos syndrome 
type IV and Loeys-Dietz syndrome etc. were excluded. 
Patients with BAV and systolic blood pressure (SBP) of 
more than 140 mmHg, and those with more than moderate 
aortic stenosis (AS)17 and aortic regurgitation (AR)18 were 
also excluded. The ethics committee of our hospital and the 
local research ethics committee had approved this study. 

All patients underwent full transthoracic echocardiograms. 
Echocardiography was performed with Philips iE33 and GE 
Vivid7 equipped with 2.5 MHz transducers (including 2D, 
M-mode and color Doppler). The zoom function was used 
when the aorta was scanned and the commissures were 
carefully examined. The diameters of the Asc Ao were 
measured at 3 cm (distance from the centre point of the 
perpendicular line drawn at the level of aortic annulus to 
the Asc Ao), 4 cm, 5 cm, 6 cm and 7 cm levels (Figs. 1A 
and 1B). The image was obtained by 2D in the parasternal 
long-axis view, perpendicular to the long axis of the vessel, 
from leading edge to leading edge during end-systole.19 

The indexed diameter (ID) was obtained after correction 
for body surface area. Dilatations of Asc Ao were defi ned 
as an ID greater than the mean +2SD of the values found 
in controls.

Intra- and Inter-Observer Viability Test
The results of 20 participants were randomly selected 

and repeat analyses were independently performed by 
2 investigators who were each blinded to the other’s 
results. Intra- and inter-observer reproducibility of 
echocardiographic derived measurements were assessed 
by calculating the mean difference and standard deviation 

between the results, with the percentage variability equal to 
the mean of the absolute values of the differences between 
the 2 measurements divided by their mean.

Statistic Analysis
All data was analysed using Stata version 13. Continuous 

data were summarised as mean ± SD. Categorical variables 
are presented as a count and percentage. The statistical 
signifi cance of the difference of continuous variables 
between patients with BAV and normal control group was 
assessed by student’s t-test. Differences in continuous 
variables among groups were calculated using one-way 
analysis of variance (ANOVA). Comparing to the dilation 
at 6 cm distal to aortic annulus, we assessed the sensitivity 
and specifi city at 3 cm, 4 cm, 5 cm and 7 cm. 

Results
The data was collected over a 72-month period from 

December 2007 to December 2013. A total of 200 BAV 
patients (200/7650 from our database, 2.6%) during the 
study period and 30 age-matched normal controls with 
normal tricuspid aortic valves (mean age: 45.9 ± 15.1 years) 
were retrospectively studied. Out of the 200 BAV patients, 
only 80 patients (male/female: 45/35, mean age: 45.3 ± 16.2 
years) were included in our study after excluding patients 
with SBP ≥140 mmHg, and those with more than moderate 
aortic stenosis and regurgitation. The clinical characteristics 
are shown in Table 1. There is no signifi cant differences 
between patients with BAV and normal controls in their 
clinical characteristics. We were not able to measure all 
the diameters of Asc Ao in all 80 patients with BAV. The 

Fig. 1. Measurements of the diameter of Asc Ao at 3 cm, 4 cm, 5 cm and 6 cm from the aortic annulus. Slide A) is of a normal control with diameters of Asc Ao at 3.09 cm, 
3.19 cm, 3.25 cm and 3.26 cm at 3 cm, 4 cm, 5 cm and 6 cm from the aortic annulus. Slide B) is of a patient with BAV with diameters of Asc Ao at 3.89 cm, 3.91 cm, 4.07 
cm and 4.08 cm at 3 cm, 4 cm, 5 cm and 6 cm from the aortic annulus. The maximal diameter is at the site of 5 cm and 6 cm from the aortic annulus.



June 2016, Vol. 45 No. 6

253 Aortic Dilatation—Fei Qiong Huang et al

respective number of patients in which the measurement 
was able to be performed at the various distance were 80 
(3 cm), 80 (4 cm), 68 (5 cm), 46 (6 cm) and 19 (7 cm) as 
shown in Table 2. In normal controls, the respective number 
in which the measurement was able to be performed at the 
various distance were 30 (3 cm), 30 (4 cm), 28 (5 cm), 25 
(6 cm) and 20 (7 cm).

The most common region of dilated Asc Ao and the 
largest ID of Asc Ao are at around 6 cm distal to the aortic 
annulus, and the ID of Asc Ao were signifi cantly larger in 
patients with BAV compared with the normal controls at the 

same levels of Asc Ao (Table 2). Taking the index of 6 cm 
as the gold standard, sensitivity and specifi city at various 
distances from aortic annulus to Asc Ao were 83.3%, 90.9% 
at 3 cm, 87.5%, 90.9% at 4 cm, 100%, 100% at 5 cm, 90%, 
and 100% at 7 cm, respectively. The ID of Asc Ao and 95% 
CI are shown in Figure 2. There were signifi cant differences 
among the groups (Group 3 to Group 4, Group 4 to Group 
5, Group 5 to Group 6 and Group 6 to Group 7).

Intra-and Inter-Observer Variability
The intra-observer percentage variability was 8.13 ± 

2.41% and inter-observer percentage variability was 6.31 
± 3.52% for the diameter index of Asc Ao.

Discussion
BAV is not just a valvular disorder but is also associated 

with aortopathy and higher incidence of aortic aneurysm, 
aortic dissection and rupture,4,5 which are major causes of 

Table 1. Clinical Characteristics and Echocardiographic Parameters 
between BAV Patients and Controls

BAV Patients 
(n = 80)

Normal 
Controls 
(n = 30)

P 
Value

Age (years)  45.3 ± 16.2 45.9 ± 15.1 NS

Height (cm)           163.2 ± 9.2 164.8 ± 8.5 NS

Weight (kg)            61.0 ± 12.5 64.6 ± 12.1 NS

BSA (m2) 1.7 ± 0.2 1.7 ± 0.2 NS

Male 45 (56.3%) 16 (53%) NS

SBP (mmHg)         120.8 ± 13.0 120.4 ± 13.5 NS

DBP (mmHg)         71.6 ± 8.6 73.8 ± 8.6 NS

HR (beat/min)        74.7 ± 15.8 73.6 ± 9.3 NS

LVEF (%)               64.5 ± 7.6 65.2 ± 6.7 NS

LV diastolic dimension (cm) 4.6 ± 0.6 4.4 ± 0.5 NS

LV systolic dimension (cm) 2.7 ± 0.5 2.5 ± 0.4 NS

Aortic velocity (m/s) 1.9 ± 0.6 1.1 ± 0.2 <0.05

Indexed diameter of 
ascending aorta (cm/m2) 1.86 ± 0.39 1.59 ± 0.21 <0.05

Indexed diameter of sinus of 
valsalva (cm/m2) 1.91 ± 0.58 1.62 ± 0.56 <0.05

Indexed diameter of 
sinotubular junction (cm/m2) 1.65 ± 0.53 1.48 ± 0.18 <0.05

BAV: Bicuspid aortic valve; BSA: Body surface area; DBP: Diastolic 
blood pressure; HR: Heart rate; LV: Left ventricle; LVEF: Left 
ventricular ejection fraction; NS: Not signifi cant; SBP: Systolic blood 
pressure

Table 2. Indexed Diameter and Dilatation of the Ascending Aorta at Different Sites

Distance from Aortic Annulus to the Asc Ao
3 cm

(n1 = 80)
(n2 = 30)

4 cm
(n1 = 80)
(n2 = 30)

5 cm
(n1 = 68)
(n2 = 28)

6 cm
(n1 = 46)
(n2 = 25)

7 cm
(n1 = 19)
(n2 = 20)

Dilated Asc Ao (BAV) (n) 33 32 33 24 9

Dilated Asc Ao (BAV) (% based on diameter 
measurable) 41.3% 40.0% 48.5% 52.2% 47.3%

Indexed diameter of Asc Ao (BAV) (cm/m2) 1.96 ± 0.32 2.04 ± 0.34 2.10 ± 0.38 2.20 ± 0.37 2.18 ± 0.37

Indexed diameter  of Asc Ao (controls) (cm/m2) 1.58 ± 0.22 1.59 ± 0.22 1.60 ± 0.26 1.60 ± 0.23 1.60 ±  0.24

ASc Ao: Ascending aorta; BAV: Bicuspid aortic valve; n1: Number of patients; n2: Number of controls

Fig. 2. Indexed diameter of Asc Ao at 3 cm, 4 cm, 5 cm, 6 cm and 7 cm from the 
aortic annulus (mean) and 95% CI.  
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morbidity and mortality. Patients with BAV have larger 
aortic dimensions than patients with a normal trileafl et  
aortic valve.7,8 Aortic dilatation can occur anywhere 
between the aortic root and the aortic isthmus, but most 
commonly occurs in the Asc Ao in BAV disease.6 Some 
studies reported that the prevalence of dilatation of the 
Asc Ao among persons with a BAV ranges from 20% to 
84%. 9,10,20-25 This differentiation is related to different study 
populations, assessment methods, aortic size thresholds and 
age. But few studies focused on fi nding the region or site 
of the Asc Ao at where maximal aortic dilatation occurs. 

Bauer M et al26 reported that the diameter of the Asc Ao 
in patients with BAV and dilation was signifi cantly larger 
than in those with a tricuspid aortic valve and dilation. In 
addition, distances between aortic valve level and point of 
maximum diameter of the Asc Ao at the outer and inner 
curves of the vessel in patients with BAV without dilatation 
were greater than those of the coronary artery disease 
group. Our study also found that the diameters of Asc Ao 
in patients with BAV are signifi cantly larger than normal 
controls at all different sites of the Asc Ao. 

In our study, we demonstrated that the indexed aortic 
dimensions at the sinus of Valsalva, sinotubular junction 
and Asc Ao in patients with isolated BAV were larger than 
in normal controls. Our study also found that the maximal 
dilatation of Asc Ao was at mid-Asc Ao (around 5 cm to 
6 cm distal to the aortic annulus), which is probably a 
combination of haemodynamic and histological changes 
of the ascending aortic wall in patients with BAV.

Some studies have reported differences in histological 
and haemodynamic fi ndings of the ascending aortic 
wall between patients with bicuspid and tricuspid aortic 
valves.27,28 Bauer et al reported that patients with a BAV 
had thinner elastic lamellae of the aortic media and greater 
distances between the elastic lamellae than patients with a 
tricuspid aortic valve.27 

In a study by Viscardi et al28 looking at ascending aortic 
fl ow in patients with BAV, they found asymmetrical 
distribution of velocity fl ow towards the convexity region 
of the mid-Asc Ao and symmetrical blood fl ow in the distal 
Asc Ao. On the contrary, blood fl ow in patients with tricuspid 
aortic valve was symmetrical in each aortic segment. 
Comparison between bicuspid and tricuspid models showed 
asymmetrical and higher fl ow velocity in bicuspid models. 
Both the histological and haemodynamic fl ow changes may 
contribute to the site of maximal ascending aortic dilatation 
in this subset of patients. 

The ascending aortic diameter and the extention of aortic 
dilation in the BAV group were found to be signifi cantly 
associated with patient age, gender and body surface area.29-

32 The 2 groups of patients in our study were matched with 
respect to age, sex, and body surface area to eliminate these 

confounding factors and hence our result showing the site 
of maximal dilatation at 6 cm distal to the aortic annulus 
is consistent and in agreement with the asymmetrical fl ow 
pattern and histological changes in the Asc Ao of BAV 
patients.

Clinical Implication
Transthoracic echocardiography (TTE) is commonly 

performed for serial follow-up of Asc Ao dilatation in 
patients with BAV. It is important to consistently measure 
the Asc Ao diameter at the site of maximum dilatation 
during serial echo examinations. In our study, we found that 
the largest dilatation of Asc Ao occurred at around 6 cm 
distal to the aortic annulus. The highest percentage is also 
around 6 cm distal to the aortic annulus. The measurements 
made at aortic levels at 6 cm would be able to determine 
the existence of aortic dilatation. Hence, the sensitivity 
and specifi city made at other aortic levels besides 6 cm 
were also calculated, using 6 cm as the gold standard. 
High sensitivity and specifi city are also found at around 
5 cm distal to the aortic annulus. This fi nding suggests 
that in patients with BAV, there is a need to measure the 
diameter not only at the proximal Asc Ao, but also at the 
mid-part of the Asc Ao (around 5 cm to 6 cm distal to the 
aortic annulus) where maximum dilatation commonly 
occurs. Although visualisation of the mid-distal Asc Ao 
may be diffi cult in most adults, more than 50% were still 
measurable in our cohort. Consistent measurement at the 
same site of maximum Asc Ao dilatation will allow for 
more accurate monitoring of progressive Asc Ao dilatation 
in patients with BAV. 

Limitations 
In our study, each group had a relatively small sample 

size, particularly those groups at around 6 cm and 7 cm 
distal to the aortic annulus and normal controls. Due 
to limited echo window, our sample sizes in this study 
were suffi cient for statistical analysis, but this fact limits 
the statistical power of our analysis. AR and AS showed 
different impact on aortic dilatation in different levels of 
the Asc Ao: the diameter of aortic sinus is affected by AR 
severity, whereas AS severity shows a linear relationship 
with the diameter of the tubular portion. For the present 
study, BAV patients with more than moderate AR and AS 
were excluded to minimise the effect of valve dysfunction. 
In addition, in aorta that is tortuous or meandered, there 
is further inherent limitation in the measurement of the 
entire length of the Asc Ao; hence the number of possible 
measurements at increasing distance from the annulus 
become smaller, especially at 6 cm to 7cm distances from 
aortic annulus. Other cardiac imaging modalities, including 
computed tomography (CT) and magnetic resonance 



June 2016, Vol. 45 No. 6

255 Aortic Dilatation—Fei Qiong Huang et al

imaging (MRI), may be better for the accurate evaluation 
of the entire thoracic aorta. We did not try to measure the 
distal Asc Ao and aortic arch for more complete evaluation 
and analysis of site of maximal dilatation, because they 
were not easily seen in some adult patients. So, they were 
not measured in all patients with BAV. 

Conclusion
In our cohort of mainly Asian patients with BAV, Asc 

Ao dilatation occurs and is maximal at the mid-part of the 
Asc Ao around 5 cm to 6 cm distal to the aortic annulus. 
This information is important to ensure that the maximum 
dilatation of the Asc Ao is measured and documented in each 
and subsequent echo study performed for serial follow-up 
of these BAV patients.
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Comparison of Outcomes and Costs of Transcatheter Therapeutic Intervention and 
Surgical Ligation for the Treatment of Patent Ductus Arteriosus

Dear Editor,
Patent ductus arteriosus (PDA) is a persistence of fetal 

communication, ductus arteriosus, which connects the aorta 
and pulmonary artery. One of the most common congenital 
heart conditions, PDA accounts for approximately 10% of 
all congenital heart defects.1 Closure of the PDA (other than 
the silent duct) is recommended to prevent congestive heart 
failure, infection and pulmonary hypertension.2,3 Methods to 
close PDA have evolved over the years with more options 
developed with similar safety and effi cacy profi le. This has 
opened up avenues for research, looking at not just clinical 
outcomes, but also taking into consideration costs, which 
may drive the selection strategy. Therefore, the need for 
local data on costs to guide practice and infl uence decision-
making is imperative.

We aimed to compare the outcomes and cost of device 
closure through the transcatheter route using occluder 
device (ADO) versus surgical ligation (SL) in patients who 
underwent PDA corrective procedures.

Materials and Methods
Study Design and Population

Two retrospective cohorts of patients who underwent 
PDA closure via SL or ADO closure, between February 
2004 and April 2014 at the National University Hospital 
(NUH), Singapore were reviewed. Excluded were patients 
with concomitant pre-existing conditions, preterm infants 
or patients with other associated congenital heart defects 
who required interventions other than PDA closure. Patient 
diagnosis was confi rmed on echocardiography with full 
colour fl ow mapping and Doppler studies. The study was 
approved by the Domain Specifi c Review Board.

Treatment 
SL through conventional surgery and ADO closures in the 

cardiac catheter laboratory were performed under general 
anaesthesia. The clinical outcomes and complications, 
including minor (if resolved spontaneously or with minimal 
intervention) and major (if required a higher level of care 
or additional procedures) were recorded.

The cost was based on the fi nal hospital fi nancial bills 
of the patients, considering patients as paying ward B1 

patients. This allows for a realistic comparison of the 
economic advantages of these methods by looking at the 
total costs incurred by the patient during the entire hospital 
stay. This cost computation comprised bed charges during 
the period of hospitalisation, pharmaceutical, diagnostic 
(echocardiography, laboratory and imaging studies), surgery 
or device cost, professional fees (cardiologist, surgeon, 
anaesthesiologist), operating theatre/cardiac catheterisation 
laboratory fees and other miscellaneous charges related to 
patient care. The cost estimations obtained in Singapore 
dollars were converted to US dollars (1 SGD = 0.70 USD), 
as per the conversion rate prevalent on 7 October 2015. 

Statistical Analysis
The chi-square and one-way analysis of variance 

(ANOVA) were used for statistical analysis. 

Results
Study Population

Table 1 shows the comparative characteristics of 35 
patients, 10 in the SL and 25 in ADO closure groups. 

Clinical Outcomes and Complications 
Successful closure of PDA was achieved in both groups 

with good clinical outcomes. All patients were discharged 
well. Post-procedure and follow-up echocardiogram at 
6-months revealed complete ductal occlusion for all patients 
in both groups. The complication rate was signifi cantly 
lower in patients who underwent ADO closure (P = 0.02) 
(Table 1). 

Length of Stay (LOS) and Costs 
The mean length of stay (LOS) (6 ± 2.4 vs 2 ± 0.3 days, 

P <0.001) and high dependency (HD) stay (80% with 2.6 
± 2.6 days vs 20% with 0.2 ± 0.4 days, P <0.001) was 
signifi cantly longer in the SL group. 

The mean cost per successful procedure (USD 7716 ± 
4058 vs USD 6858 ± 1639, P = 0.37), trended higher for 
SL than the ADO closure (Table 1). The cost of the ADO 
device and its delivery device (costing approximately 
USD 2600), contributed to a signifi cant portion of the total 
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hospitalisation bill incurred by patients who underwent 
ADO closure.

Discussion
This is the fi rst paper to our knowledge addressing cost 

considerations of this condition in Singapore. In other 
countries, confl icting cost analysis on SL versus ADO 
closure of PDA has been reported.4 This is likely due to 
substantial heterogeneity among the studies in terms of 
PDA diameter, type of device used, patient characteristics, 
method of cost calculation, and more importantly, the period, 
as the cost of devices has gone down over time including 
less utilisation of medical resources due to improvement 
in the transcatheter procedure similar to our ASD study.5

Importantly in our study, there was no difference in terms 
of long-term successful closure of the PDA regardless of 

the method, with no major complications. LOS and HD 
stay were signifi cantly longer in the SL group. Although 
our study did not fi nd a signifi cant difference in the direct 
fi nancial cost between the two interventions, the intangible 
cost associated with complications and LOS may incur 
a cost burden for the patients undergoing SL.6 LOS is a 
key determinant of the other indirect costs such as work 
days off for parents and lodging/boarding/transportation 
cost. Reduction in hospitalisation and HD stay also poses 
less emotional stress on parents.4 Furthermore, with ever 
increasing patient load and limited bed space in hospitals, 
a quick turnaround time will allow more patients to benefi t 
from inpatient medical care and help the community as a 
whole. 

One has to, however, keep in mind that there was a 
predilection for surgery in younger patients, with the 
majority of the patients <1 year in the SL group. This is 

Table 1. Comparison of Demographic and Baseline Characteristics as well as Other Clinical Outcomes, Length of Stay and Charges between the Two 
Cohorts of PDA—ADO and SL

Variables
Total 

(n = 35)
ADO Closure 

(n = 25)
Surgical Ligation 

(n = 10)
P Value

Characteristics

Number of male patients (%) 15 (42.9) 11 (44.0) 4 (40.0) 0.05

Mean (SD)

Age at time of operation, years 7.0 (7.6) 9.0 (7.8) 2.0 (3.7) 0.01*

PDA size, mm 3.8 (1.3) 3.8 (1.3) 3.9 (1.2) 0.69

Body weight, kg 22.0 (9.5) 25.1 (9.0) 15.4 (7.2) 0.01*

LPA before catheterisation, m/s 1.3 (0.3) 1.2 (0.3) 1.5 (0.3) 0.02*

Dao gradients before catheterisation, m/s 1.5 (0.5) 1.4 (0.3) 1.8 (0.6) 0.06

Complications

Number of patients with minor complications (%) 6 (17.1) 2† (8.0) 4‡ (40.0) 0.02*

Clinical outcomes

LPA after catheterisation, m/s 1.1 (0.3) 1.1 (0.3) 1.2 (0.4) 0.89

Dao gradients after catheterisation, m/s 1.1 (0.3) 1.1 (0.3) 1.2 (0.3) 0.70

Length of stay

Hospital stay, days 3.1 (2.2) 2.0 (0.3) 6.0 (2.4) <0.001*

ICU/HD stay

Number of patients (%) 13 (37.1) 5 (20.0) 8 (80.0) <0.001*

Days 0.9 (1.8) 0.2 (0.4) 2.6 (2.6) <0.001*

Total charges in SGD 10109 (3603) 9760 (2333) 10981 (5775) 0.37

Total charges in USD 7103 (2531) 6858 (1639) 7716 (4058) 0.37

ADO: Amplatzer ductal occlude; Dao: Descending aorta; HD: High dependency; ICU: Intensive care unit; LPA: Left pulmonary artery; PDA: Patent ductus 
arteriosus; SD: Standard deviation
*Statistically signifi cant values.
†One was a case of mild postprocedural fever and the other had transient diminished pulse on lower extremity postdevice occlusion. Both resolved with no 
intervention required, other than antipyretics for the former.
‡Three of which were directly related to surgery. There was residual shunting noted on 2 cases; 1 had minimal pleural effusion and the other developed 
subcutaneous emphysema after chest tube removal which resolved. All the complications in these 4 cases did not require additional intervention or additional 
hospital stay.
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secondary to known technical diffi culties. This includes the 
use of large devices in small infants which may protrude 
into the descending aorta or pulmonary artery.7 Therefore, 
the use of ADO closure in patients weighing <5 kg is 
generally cautioned.8,9 In our experience, ADO closure was 
successfully used for PDA sizes 2.5 to 8 mm, in agreement 
with previously published data on PDA up to 12 mm.10 
The prolonged HD stay in the surgical group could have 
been because of the younger group of children in SL group 
leading to more complications, requiring longer HD stay.

The cost outlined in the study is not an absolute cost but 
a relative cost used to compare the two interventions. The 
costs may vary in other healthcare systems, outside and 
within Singapore, where the professional and facility fees 
may differ. Another limitation is, over the study period 
of 10 years, there may have been infl ation of healthcare 
costs which was diffi cult to account for. However, all else 
being equal, cosmesis and less postoperative pain are other 
important considerations. 

Conclusion
The corrective modalities discussed in this study were 

comparable in terms of effectiveness and safety profi le for 
closure of isolated PDA. The ADO can be used for patients 
of varying ages, except small babies under 5 kg and small 
PDA. SL carries with it patient discomfort, longer stay and 
a surgical scar associated with an operative procedure, but 
nonetheless, will maintain its importance especially in the 
very small, such as premature babies. 
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Sequential Localised Neuropathic Itch Following Drastic Weight Gain and Loss

Dear Editor, 
A 56-year-old Indian woman with obesity underwent 

bariatric surgery (laparoscopic sleeve gastrectomy). She had 
gained 10 kg over the 3 years preceding the surgery after 
changing to a sedentary job. For 2 years, she had been having 
localised itch over the paraspinal region of her left upper 
back. Examination revealed a localised hyperpigmented 
patch over her left upper back (Fig. 1). The diagnosis was 
notalgia paresthetica (NP). 

After her surgery, the patient had rapid slimming initially. 
For the fi rst 2 weeks postsurgery, the patient was only given 
clear feeds and had rapid weight loss during this period.  
She lost 10 kg in the fi rst 3 months postsurgery. Three days 
postsurgery, she started feeling numbness over her right 
lower thigh and 13 days postsurgery, she felt itch and pain 
over the same area with the disappearance of the numbness. 
For the next 3 months, she experienced intermittent itch 
and pain over an area that correlated with the distribution 
of the lateral cutaneous branch of the femoral nerve and 
was diagnosed to have meralgia paresthetica (MP) (Fig. 2). 
There were no other external pressures on the nerve such 
as tight clothing or pressure during surgery.

Discussion
NP is not a rare condition but it is greatly under-recognised. 

NP is a form of peripheral sensory mononeuropathy and is 
thought to be secondary to nerve impingement or trauma 
affecting the posterior rami of the spinal nerves.1 It may 
result from compression by a space-occupying lesion or 
musculoskeletal structures, but no defi nite cause can be 
identifi ed in most cases. 

MP is another type of localised neuropathic dysaesthesia 
but it is rare. It is secondary to nerve entrapment of the 
lateral femoral cutaneous nerve, typically presenting with 
numbness, burning pain, itching or a tingling sensation 
localised to the unilateral anterolateral thigh.1 Numerous 
predisposing factors have been suggested, including diabetes 
mellitus, alcoholism, obesity (BMI >30), pregnancy, 
prolonged sitting, strenuous activity, direct trauma, lumbar 
disc herniation, iliaceous haematoma and tight clothing.1,2 

Following gastric bypass surgery, the incidence of MP is 
estimated to be 0.5% to 1.4%.3 Compression of the thigh 
by the Gomez retractor has been a proposed mechanism.4 

However, MacGregor and Thoburn reported 11 cases of 
MP, most beginning shortly after surgery (2 to 13 days), 

 Neuropathic Itch —Carina M Grönhagen and Hong Liang Tey
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Fig. 1. A hyperpigmented patch at the localised area of itch over the paraspinal 
region of the patient’s left upper back, corresponding to the dermatome of 
the dorsal ramus of the T2 spinal nerve. This is a typical presentation of 
notalgia paresthetica.

Fig. 2. A localised area of excoriations without the presence of a primary 
dermatosis over the patient’s right lower lateral thigh, which corresponded 
to the area of itch and pain. Impingement of the lateral femoral cutaneous 
nerve led to meralgia paresthetica.
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despite using an upper midline incision to avoid pressure 
at the hips.5 

Our patient appears to be susceptible to different nerve 
impingements with changes in her habitus. Her weight 
gain may have led to nerve compression due to a change 
in posture of her shoulders and back or a shift in positions 
of muscles due to fat accumulation. Similarly, rapid weight 
loss with decreased subcutaneous tissue can similarly lead 
to compression of the lateral femoral cutaneous nerve under 
the inguinal ligament. To our knowledge, there have not 
been previous reports of patients experiencing multiple 
localised neuropathies following drastic weight changes. 
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Perioperative Outcomes of Therapeutic Breast Surgery in the Elderly

Dear Editor,
Female Singaporeans currently have a life expectancy 

of 84.5 years1 and a lifetime risk of 6.5% of developing 
breast cancer.2 It is estimated that by the year 2050, 11.2% 
of the population will be aged more than 80 years.3 One in 
16 women will develop breast cancer by the age of 80, and 
there will potentially be 1500 cases of newly diagnosed 
breast cancer among octogenarians each year.

Surgery is curative in early breast cancer and various 
centres have reported no difference in the cancer specifi c 
survival rates of the elderly age group compared to their 
younger counterparts, 5 to 10 years after surgery for breast 
cancer.4,5 Surgery is also indicated in advanced breast cancer 
as a form of palliation in patients with fungating and bleeding 
tumours. Despite its therapeutic role, Lavelle et al6 found 
that the proportion of older women receiving surgery fell 
with increasing comorbidity and many clinicians still do 
not discuss surgical options with elderly patients.

We wanted to objectively report the postsurgical mortality 
and morbidity of the very elderly, aged above 80 years in 
our institution. We also hoped to identify risk factors that 
may predict for a poorer outcome. To our knowledge, this 
is the fi rst study in an Asian population.

Materials and Methods
Patients diagnosed with breast cancer after age 80 years, 

and had therapeutic surgery under general anaesthesia 
at the National Cancer Centre Singapore (NCCS) and 
Singapore General Hospital (SGH), between January 1997 
and December 2010 were identifi ed.

Functional status was measured in the form of American 
Society of Anesthesiologists (ASA) physical classifi cation 
status and Eastern Cooperative Oncology Group (ECOG) 
score. Outcomes were measured in the form of perioperative 
morbidity and mortality, length of hospital stay, and 
incidence of postoperative complications. 

Results
A total of 109 females with a mean age of 83.2 years 

(range, 80 to 96 years) were identifi ed. Ninety-eight (89.9%) 
patients had at least 1 comorbidity, with hypertension being 
the most common condition. The majority, 78%, were ECOG 

0 or 1, while 75.2% were ASA I or II. Most (59.6%) had 
early breast cancer of stages I or II (Table 1). Surgery was 
performed with curative intent in 82.6% of patients. The 
rest were performed for palliation of symptoms. Ninety-
seven (89.0%) patients had a mastectomy while 12 (11.0%) 
patients underwent wide excision. The median duration of 
surgery was 90 minutes amongst all patients (range, 30 to 
295 minutes) (Table 2).

There were no cases of perioperative mortality in the 
30-day period. The median duration of hospitalisation was 

Table 1. Patient Demographics, Comorbidities and Disease Stage

Performance Status No. of Patients 
(n = 109) (%)

ASA status

I 5 (4.6%)

II 77 (70.6%)

III 26 (23.9%)

IV 1 (0.9%)

ECOG score

0 50 (45.9%)

1 35 (32.1%)

2 16 (14.7%)

3 8 (7.3%)

No. of comorbidities

0 11 (10.1%)

1 – 2 45 (41.3%)

3 – 4 43 (39.4%)

>4 10 (9.2%)

Types of comorbidity

Hypertension 77 (70.6%)

Dyslipidaemia 32 (29.4%)

Diabetes mellitus 27 (24.8%)

Ischaemic heart disease 22 (20.2%)

Existing or old stroke 16 (14.7%)

Stage of cancer

0 7 (6.4%)

1 – 2 65 (59.6%)

3 – 4 37 (33.9%)

ASA: American Society of Anesthesiology; ECOG: Eastern Cooperative 
Oncology Group
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3 days (range, 2 to 28 days). Two patients stayed beyond 
2 weeks due to postoperative deconditioning and required 
time for placement to a step-down facility (Table 3).

The most common minor complication (32.1%) was the 
development of a seroma that required needle aspiration. 
Bleeding and wound infection occurred in 6 (5.5%) patients 
respectively. Major complications were rare and occurred in 
only 3 (2.8%) patients. One patient had an acute myocardial 
infarction, 1 developed deep vein thrombosis, and 1 had 
wound dehiscence requiring resuturing of surgical wound 
in the operating theatre. 

Among patients without comorbidities, only 1 of 11 (10%) 
patients developed a complication. This is in comparison 
to the complication incidence rate in 18 out of 45 (40%) 
patients with 1 or 2 comorbidities; 19 of 43 (44.1%) of 
patients with 3 or 4 comorbidities and 5 out of 10 (50%) 
patients with more than 5 comorbid conditions. Major 
complications were more likely to happen in those with 
higher ASA and ECOG scores. Of the 3 patients who had 
major complications, 1 had an ASA score of II while 2 
patients scored III. Two patients had an ECOG score of 2 
while the other scored 3. However, when comparing rates 
of all complications against ASA and ECOG status, there 
were no statistically signifi cant differences.

Discussion
In the very elderly, surgery under general anaesthesia 

may pose more risks than yield benefi ts. Patients and their 
surgeons often adopt a very considered approach. 

Newschaffer et al7 reported that older women were less 
likely to receive surgery than their younger counterparts 
despite adjustments for aggregate comorbidity. However, 
European studies8,9 assessing the surgical outcomes 
amongst elderly above 80 years of age, showed that very 
elderly patients can still be safely treated with surgery, with 
acceptable perioperative morbidity and mortality rates.

In our study, 80% of patients had between 1 to 4 
comorbidities, consistent with a typical elderly profi le.10 

Seventy percent of the patients were of ASA II status, 
which was refl ective of well controlled and mild systemic 
disease with no functional limitation. Eight in 10 patients 
had ECOG status less than 2, and were at least ambulatory 
and able to carry out self-care, if not light work. 

We found that elderly women may still have breast surgery 
safely despite having co-existing medical problems. The 
30-day perioperative mortality was 0 and 60% of patients 
had no complications. Patients with more comorbidities 
were more likely to develop complications but complication 
patterns were similar in younger women and were considered 
minor enough to be managed conservatively. 

Although the incidence of complications appear to be 
higher in elderly patients, less than 5% of our patients had 
major complications. This was consistent with fi ndings by 
Chatzidaki et al8 who reported major complication rates 

Table 2. Operative Details

Surgery
No. of Patients 
(n = 109) (%)

Duration/Minutes

Type Mean (range)

Wide excision only 11 (10.1%) 62.5  (35 – 130)

Wide excision and 
axillary surgery 1 (0.9%) 70     (70)

Mastectomy 11 (10.1%) 82.5  (50 – 135)

Mastectomy and axillary 
surgery 86 (78.9%) 97.8  (45 – 150)

Intent

Curative 90 (82.5%)

Palliative 19 (17.4%)

Table 3. Surgical Outcomes

Factor
No. of Patients 
(n = 109) (%)

30-day mortality

Alive 109 (100%)

Death 0 (0%)

Postoperative relocation

General ward 96 (88.1%)

High dependency 13 (11.9%)

Intensive care unit 0 (0%)

Length of stay (days)

1 – 3 11 (10.1%)

4 – 7 45 (41.3%)

8 – 14 43 (39.4%)

>14 10 (9.2%)

Complications

Nil 66 (60.6%)

Total 43 (39.4%)

After wide local excision 3/12 (25%)

After mastectomy 40/97 (41.2%)

Minor* 40 (36.7%)

Seroma 35 (32.1%)

Bleeding 6 (5.5%)

Wound infection 6 (5.5%)

Major 3 (2.7%)

Acute myocardial infarction 1 (0.9%)

Deep vein thrombosis 1 (0.9%)

Wound dehiscence† 1 (0.9%)
*Some patients had more than 1 complication.
†Patient required repeat surgery.
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of 5.7%. The 3 patients who had major complications 
were not ideal candidates for surgery in view of their 
medical comorbidities, but we proceeded with palliative 
mastectomies as they had debilitating symptoms arising 
from locally advanced tumours. Palliative mastectomy 
does not shorten survival11 and can help to improve local 
control of bulk disease and reduce symptoms. Such patients 
are often not candidates for palliative chemotherapy, while 
radiotherapy often provides short-lived relief and has its 
inherent side effects.12 In our series, 15% of the patients 
developed complications after undergoing a palliative 
mastectomy, and we consider this an acceptable risk 
considering the lack of better options.

Evron et al9 illustrated the benefi ts of surgery, where 
they found that 101 of 135 (75%) octogenarians were still 
alive 6 years after diagnosis of breast cancer, and 22 of 
the 34 (64.7%) deaths were due to non-related conditions. 
Studies13,14 showed that fi t elderly patients who had surgery 
—with or without adjuvant tamoxifen—had a signifi cant 
improved progression-free survival, compared to those who 
were treated with tamoxifen only.

Surgery plays an important therapeutic role in the treatment 
of breast cancer, regardless of it being curative or palliative 
in nature.15 On the other hand, major complications arising 
from a curative surgery is undesirable and proper patient 
selection for surgery should be undertaken. Based on our 
fi ndings, complications were less likely to occur in patients 
with less than 4 comorbidities that are well controlled, and 
if they have performance status of ASA I or II and ECOG 
score of 0 or I. A limitation of this study was that this was 
a highly selected group of patients who were expected to 
do well, as patients who were deemed extremely high risk 
were unlikely to have been operated on. Nonetheless, at 
our institutions, patients deemed fi t for surgery by surgeons 
and anaesthetists generally have a good outcome.

Conclusion
Both curative and palliative breast cancer surgery may be 

performed safely for selected patients aged above 80 years, 
even in the presence of pre-existing medical problems, 
with low morbidity. 
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A 40-Year-Old Man with Rashes and Palpitations 

Rashes and Palpitations—Shan Xian Lee and Yong Kwang Tay

Images in Medicine

A 40-year-old Singaporean Indian man with no signifi cant 
past medical history presented with worsening non-pruritic 
rashes primarily involving his limbs over a 6-month period. 
He also reported a near fainting episode associated with 
recurrent palpitations over the past few weeks. Clinical 
examination revealed the presence of multiple waxy 
yellowish-brown dermal papules and plaques over his limbs 
(Fig. 1) as well as an irregular pulse, but was otherwise 
unremarkable. A full blood count showed lymphopenia at 
200 cells/μL, while serum electrolytes including calcium 
levels, liver and thyroid function tests were normal. Cardiac 
enzymes were not raised, but an electrocardiogram showed 
complete heart block (Fig. 2). 

What is the diagnosis? 
A.  Xanthomas with ischaemic heart disease 
B. Primary systemic amyloidosis with cardiac 

involvement 
C.  Sarcoidosis 
D.  Lepromatous leprosy  
E.  Adult T-cell leukaemia/lymphoma  

Discussion
On histopathological examination of a punch-biopsy 

specimen taken from a representative lesion on the patient’s 
arm, numerous granulomas without caseous necrosis were 
seen in the superfi cial and mid-dermis (Fig. 3). There 
was no nerve involvement. Periodic acid-Schiff, Gomori 
methenamine silver and Ziehl-Neelsen stains were negative 

Answer: C

for infective organisms. Two-dimensional echocardiography 
showed a normal left ventricular ejection fraction of 65%, 
and coronary arteries were normal on angiogram. The patient 
declined endomyocardial biopsy. Our patient’s angiotensin-
converting enzyme (ACE) level was elevated at 101 units 
(normal range: less than 53 units). Computed tomography 
scan of the thorax and an eye screen were normal.

The above investigations were consistent with a diagnosis 
of sarcoidosis with cutaneous and cardiac involvement. 
Lymphopenia may be observed in over 50% of patients 
with sarcoidosis.1 Our patient was treated topically 
with mometasone furoate 0.1% cream, and underwent a 
pacemaker insertion. He also received tailing courses of 
oral prednisolone (maximum dose of 50 mg daily) and 
oral azathioprine (maximum dose of 125 mg daily) for 
about 2 years. The patient responded well to therapy, with 
resolution of the skin lesions and no recurrence of his cardiac 
symptoms after a follow-up period of 2 years. 

Eruptive and tuberous xanthomas are possible differentials, 
with yellow-hued skin lesions favouring the extensor 
surfaces of the extremities. However, eruptive xanthomas 
often appear in crops with involvement of the buttocks, and 
they are frequently itchy. Tuberous xanthomas are usually 
more nodular in appearance. There is a predominant facial 
distribution in primary systemic amyloidosis, with fi rm 
skin-coloured to pink to yellow-brown waxy papules and 
plaques that can become purpuric. Lepromatous leprosy 
is a consideration in view of the fi nding of granulomas in 
the biopsy specimen. However, the absence of ear lobe 

Fig. 1. A) shows yellowish-brown papules on 
the patient’s right forearm; B) shows similar 
lesions involving the patient’s right knee.
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involvement clinically, as well as the presence of intact nerve 
bundles and the lack of acid-fast bacilli on histology point 
against this diagnosis. Adult T-cell leukaemia/lymphoma 
(ATLL) is characterised by skin lesions resembling those 
found in mycosis fungoides or Sezary syndrome, which 
can range from atrophic patches to indurated plaques to 
ulcerated tumours. The acute form of ATLL also presents 
with lymphadenopathy, hypercalcaemia and bone lesions. 
Apart from the clinical features, histology also helped to 
clinch the diagnosis of sarcoidosis in our case. 

First described by Sir Jonathan Hutchinson in 1875, 
sarcoidosis is a non-caseating granulomatous disorder 
of unknown aetiology that can affect virtually any organ 
system.

Cutaneous sarcoidosis is seen in about 25% to 33% of 
cases. Notably, the extent and type of cutaneous involvement 
does not correlate well with the degree of systemic disease. 
In general, the skin lesions are typically asymptomatic 
red-yellow brown dermal papules and plaques. However, 
sarcoidosis is termed a “great imitator” as it can present 
with almost any morphology, and more than 1 subtype can 
be present in the same patient. Cutaneous involvement in 
sarcoidosis can be classifi ed as either specifi c or non-specifi c, 
with specifi c lesions showing non-caseating granulomas on 
histological examination. Some examples of specifi c disease 
include lupus pernio, as well as the angiolupoid, annular, 
erythrodermic, ichthyosiform, lichenoid, maculopapular, 
nodular, papillomatous, plaque, psoriasiform, scar, 
subcutaneous nodular, ulcerative, vasculitic and verrucous 
forms. Lupus pernio is characterised by bluish-red to 
violaceous infi ltrated papulonodules and plaques that 
usually affect the ears, nose, cheeks and extremities. The 
angiolupoid variant of sarcoidosis tends to be localised to 
the malar region, bridge of the nose, or around the eyes, 
and consists of livid nodular lesions that coalesce to form 
plaques. Erythema nodosum is the main non-specifi c 
cutaneous manifestation. Our patient had a combination of 
both the papular and plaque forms of cutaneous sarcoidosis. 

The prevalence of cardiac sarcoidosis with clinical 

symptoms or electrical signs is about 5% in various 
series, but evidence of cardiac disease has been found in 
up to 20% to 30% of autopsies.2 Arrhythmias, infi ltrative 
cardiomyopathy, pericarditis, congestive cardiac failure 
and sudden death can occur. As cardiac involvement is 
responsible for 50% of patient deaths from this disorder, 
it is imperative that this should not be missed.3

ACE is produced by sarcoidal granulomas but does not 
correlate with the severity of skin involvement. Although 
it has limited diagnostic value, it serves as a useful monitor 
of disease activity.

For mild, localised cutaneous sarcoidosis, potent topical 
and intralesional corticosteroids remain the treatments 
of choice. Systemic treatment is indicated when there is 
disfi guring skin disease and/or myocardial involvement. 
Corticosteroids as well as immunosuppressants such as 
azathioprine, methotrexate and mycophenolate mofetil 
can be considered.

The clinical course of sarcoidosis in general is highly 
variable. Approximately 60% of cases experience 
spontaneous resolution within 2 to 5 years. A further 20% 
settle with treatment, and the last 20% of patients tend to 
have chronic recurrent disease despite therapy. 

Physicians should always consider sarcoidosis as a 
possible differential in a patient presenting with cutaneous 
dermal papules and plaques and/or protean manifestations. It 
is also important to keep in mind that no organ is exempt from 
sarcoidal granuloma deposition. In all patients, attempts 
should be made to delineate the full extent of disease to 
avoid any adverse outcomes. The following tests should 
be considered: a full blood count, renal and liver function, 
calcium levels, chest X-ray, electrocardiogram, urinalysis 
and an ophthalmology evaluation. Other investigations 
should be guided by each patient’s symptomatology. 

Fig. 2. The patient’s electrocardiogram showing complete heart block. 

Fig. 3. Histology showing multiple non-caseating granulomas (haematoxylin 
and eosin stain, original magnifi cation x 40). 
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Infl amed Bipedal Nodules with a Distant Occult Cause

Infl amed Bipedal Nodules—Harumi Ochi et al
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Answer: E

A 76-year-old Chinese male presented with red and 
tender rashes associated with progressive swelling over 
both lower limbs for 2 weeks. Concurrently, he had fever 
and non-bloody diarrhoea. There was no abdominal pain, 
joint pain, loss of appetite or weight. He was otherwise 
systemically well. His past medical history was signifi cant 
for diabetes mellitus, hypertension and hyperlipidaemia. 
Long-term medications included glipizide, metformin, 
enalapril, nifedipine and simvastatin. There were no new 
medications commenced 6 months prior to the onset of 
his rashes.

On examination, there were warm tender erythematous 
nodules over both anterior shins, posterior aspect of calves 
and thighs (Figs. 1A and 1B). Pitting oedema up to the level 
of the knees was present. Cardiovascular, respiratory and 
abdominal examination was unremarkable.

Histological examination of a skin biopsy from the 
left thigh showed fat necrosis with “ghost-like” cells, 
characterised by anucleated adipocytes with a partially 
digested cell membrane (Fig. 2). This was also accompanied 
by basophilic deposits of saponifi ed fat (Fig. 3). 

What is the diagnosis for these cutaneous lesions?
A. Erythema nodosum
B. Erythema induratum
C. Lupus profundus
D. Subcutaneous panniculitis-like T cell lymphoma 

(SPTCL)
E.  Pancreatic panniculitis

Discussion
The serum amylase was 767 U/L (normal 36-128 U/L) 

and serum lipase was >400 U/L (normal 5-50 U/L).  The 
leukocytes was mildly elevated at 9.5 (3.6-9.3 x 109/L), 
c-reactive protein was 112 mg/L (0-5), pro-calcitonin 
was 0.33 ug/L (0-0.05) and adjusted calcium was 2.44 
mmol/L (2.15-2.58). His liver function test was as follows: 
alkaline phosphatase 527 U/L (38-126), gamma-glutamyl 
transpeptidase 492 U/L (7-50), alanine aminotransferase 67 
U/L (17-63), aspartate aminotransferase 62 U/L (15-41), 
bilirubin 17 μmol/L (7-31) and albumin 25 g/L (35-48). 
Magnetic resonance imaging (MRI) of the pancreas revealed 

Fig. 1. Images showing the nodules in the patient. In A), infl amed subcutaneous nodules on a background of lower limb oedema are 
seen. In B), a closer look of the multiple tender erythematous nodules over the patient’s left anterior shin.
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a fl uid-fi lled collection in the pancreatic head, reminiscent 
of a pseudocyst. The pancreatic head, body and tail appeared 
swollen with peripancreatic fat stranding. This was consistent 
with a diagnosis of acute on chronic pancreatitis complicated 
by a pseudocyst. Although there were no gallstones 
visualised in the common bile duct on imaging, gallstones 
with pericholecystic fl uid were noted in the gallbladder, 
which may be the aetiology for his pancreatitis. Otherwise, 
he did not report any history of chronic alcohol ingestion. 
He was managed conservatively for his pancreatitis with 
intravenous antibiotics and supportive treatment after 
declining all further investigations. Fobancort, a potent 
topical corticosteroid cream containing betamethasone 
dipropionate 0.064% with fusidic acid 2% and local wound 
care were administered to some of the nodules that had 
begun to ulcerate. The nodules gradually healed within 
the next 3 months. A repeat MRI 6 months later showed 
resolution of the pancreatic pseudocyst with no relapse of 
his panniculitis.

Pancreatic panniculitis is rare, occurring in patients with 
acute or chronic pancreatitis or less commonly, pancreatic 
carcinoma (especially of the acinar type). In many cases, the 
cutaneous lesions are the initial presenting sign, preceding 
pancreatic disease by months.1

Clinical presentation includes tender erythematous 
subcutaneous nodules typically on the lower limbs that 
may become fl uctuant or ulcerated with an associated 
oily exudate. Systemic involvement can include visceral, 
periarticular and intraosseus fat necrosis. The condition 
can also comprise of an infl ammatory polyarthritis, 
polyserositis, fever and abdominal pain. As in our patient, 

Fig. 2. Adipocytes within fat lobules with fat necrosis and retention of 
ghost outline. There is an infi ltrate of neutrophils admixed with eosinophils 
and histiocytes within the fat septae, associated with surrounding necrotic 
adipocytes.  (Haematoxylin and eosin, x 200).

Fig. 3. Amorphous basophilic material due to deposition of calcium salts is 
present within ghost cells. (Haematoxylin and eosin, x 400).

signs of pancreatic disease upon presentation of panniculitis 
are not a prerequisite for its diagnosis.1

It is believed that the release of pancreatic enzymes; 
such as amylase, lipase, phosphorylase and trypsin, 
play an important role in the pathogenesis of pancreatic 
panniculitis. Trypsin increases the permeability of blood 
vessels, allowing enzymes such as lipases to act on lipids 
in the adipocyte cell membrane and interior, leading to fat 
necrosis and infl ammation. Another potential aetiology 
is blood vessel damage via infl ammation or oedema 
during an infection, resulting in increased endothelial cell 
permeability.2

The diagnosis of pancreatic panniculitis is confi rmed 
by the presence of pancreatic disease and typical 
histopathological fi ndings. Histopathological features 
include a mostly lobular panniculitis without vasculitis. 
However, in the very early stage, a septal pattern has been 
described. Enzymatic damage allows pancreatic enzymes 
to cross from blood to fat lobules resulting in coagulative 
necrosis of the adipocytes and pathognomonic "ghost cells".  
These are anucleate necrotic cells with thick walls and fi ne 
basophilic granular material within their cytoplasm from 
dystrophic calcifi cation.3 Treatment is primarily supportive 
and should be directed to the underlying pancreatic disease.

We describe a case of pancreatitis diagnosed through the 
presentation and histological analysis of panniculitic nodules 
on the legs. As demonstrated in this case, gastrointestinal 
symptoms may be absent or subtle, and an early diagnosis 
could be made through measurement of serum pancreatitic 
enzymes levels.  
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