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Abstract

Objective: Neck circumference (NC) is becoming useful for various diseases in adults but not
children. Due to a lack of normalized data. This study uses the normalized NC to compare
with a patient’s NC as a percentage (%NC) in habitually snoring children to distinguish
obstructive sleep apnea (OSA) cases. The ratio of NC and adenoid thickness (NCAR) is
hypothetically less in non-overweight OSA children. We proposed this ratio as a parameter
to identify OSA in non-overweight children.

Methods: Habitually snoring children who underwent overnight pulse oximetry (overnight SpO,)/
polysomnography (PSG) were eligible. Data gathering included an assessment of
participants’ body sizes and AT (from radiographs).

Results: Overall, there were 73 children (65% boys, median age 10.6 y (IQR 7.4-12.7), 52.1% of
whom tested positive by either test. In addition, 58.9% of children underwent overnight
Sp0,, and 20.9% tested positive. Among 30 children tested by PSG, confirmation of OSA
diagnosis of varying severity was 96.7%. The positive and non-positive groups did not have
statistically significant differences in %NC. In overweight children (n=40), there were no
statistically significant differences of %NC between positive (n=27) and non-positive
(n=13) results [94.9 (88.3-104.1) vs. 93.4 (89.3-104.4), p-value 0.669]. But the non-overweight
group, positive children (n=19) had a statistically smaller median NCAR compared to non-positive
children (n=11); 14.3 (12.7-14.9) vs. 16.2 (14.7-20.3), p-value=0.006. The proposed cut-off
NCAR value in predicting non-positive tests in non-overweight children is more than 13.95,
with a 47.4% sensitivity and 100% specificity. The positive predictive value is 100%, and
the negative predictive value is 68.6%.

Conclusion: There was no statistically significant difference in %NC of the overall OSA vs. non-OSA
children and the overweight OSA vs. non-OSA children. In the non-overweight group,
NCAR was significantly smaller in positive children.

Keywords: neck circumference, habitual snoring, children, obstructive sleep apnea, screening
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Introduction

Sleep-related breathing disorders are
clinically diverse disorders cover the spectrum
from habitual snoring, upper airway resistance
syndrome, obstructive hypoventilation, to
obstructive sleep apnea (OSA). In Thailand, the
prevalence of habitual snoring in children is
6.9-8.5% and OSA diagnosis is 0.7-1.3%". However,
a study of the OSA prevalence in children
undergoing polysomnography (PSG) at a university
hospital in Thailand was 92.7%’. The guidelines for
diagnosis and treatment of snoring children who
have enlarged tonsils and/or adenoids are available
from the Thai Society of Pediatric Respiratory and
Critical Care. According to the guidelines, the gold
standard for OSA diagnosis is PSG, and the screening
method is overnight pulse oximetry (overnight
SpO,)". The guideline also recommended overnight
SpO, as an alternative tool for OSA diagnosis
because this test has a high positive predictive
value. However, patients who test negative should
further perform PSG because it has a high false
negative rate of 47%’.

Recently, more diseases are requiring
the measurement of neck circumference (NQC).
In adults, increased NC is associated with OSA®.
In women, and men who had NC greater than
16 and 17 inches, respectively, the risk of OSA
increased’. A screening test called “STOP-BANG”
in adult patients also used NC, body mass index
(BMI), and symptomsg. In 2016, the NC was used in
terms of the NC to height ratio (NHR) to assess OSA
risk in pediatric and adult patients’. Results showed
that children with an NHR > 0.25 (corrected for
BMI z-score) had a 3.47-fold increased risk of
OSA compared with an 18-fold increased risk of
OSA in adults. Researchers speculated that this
was due to the lack of age-related normalized
NC in children. The problem with implementing
the NC in children is that not only does the NC
change with nutritional status, but also, the
nature of growth of the NC in children makes
implementation difficult.

In Thailand, normalized NC has already been
made available for children of all ages and sexes'.

Age-Related Neck Circumference in Habitually Snoring Children: A Potential Screening Tool for Obstructive Sleep Apnea in Children
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If there is a difference between normalized NC
of OSA and non-OSA children, this has potential
as a screening tool for OSA. We hypothesized
that overweight children with OSA tend to have
greater NC than normal-weight children of
the same age and are more likely than NC in
overweight children without OSA. In contrast to
non-overweight children whose NC should be
average, the enlarged adenoids and tonsils are
likely to cause OSA. When calculating the ratio
between their average NC and their large adenoid
thickness (AT) on radiographs, the values should be
lower than in non-OSA children (who are supposed
to have smaller adenoids). If the results are
consistent with these assumptions; we could use
the NC as an appropriate and cost-effective tool to
select snoring children for PSG.

Methods

The primary objective of this cross-sectional
study was to compare the mean age-related NC
(%NC) of children with habitual snoring aged 5-15
years with and without OSA at Taksin Hospital,
Bangkok, in 2018-2019. Secondary objectives were
to compare the mean %NC in overweight children
with and without OSA and compare the mean NC
to the radiographic adenoid thickness (NCAR) ratio
in non-overweight children with and without OSA.
This research calculates the sample from the
formula;

n=+1/0Z,,, + Z,) /&> + 72, /2(1+1)

While n=sample size, r=sample size ratio
assigned as 2, d=expected sample assigned as 0.8
(from the results of similar studies, Z, ,, ,=two-sided
Z value assigned as 1.96, Z, s=power assigned as 80%.
Dependent variables are OSA occurrences either
diagnosed by PSG or overnight SpO, monitoring®.
Independent variables are age, sex, weight, height,
socioeconomic status, household smoking, enlarged
tonsils, chronic sinusitis, NC and thickness of
adenoid glands from radiographs. The Bangkok
Metropolitan Administration Human Research
Ethics Committee approved the study protocol.
Consent from parents or guardians was usually
a prerequisite for participants. Adolescents received
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the written assent forms. The patient’s demographic
data collection included age, sex, household
smoking, physician’s diagnosis of adenotonsillar
hypertrophy, and physician’s diagnosis of chronic
sinusitis.

Inclusion criteria included children aged 5-15
years who had habitual snoring (history of snoring
>3 nights/week) or breathing problems during sleep
for whom a physician considered additional
evaluation by performing either an overnight SpO,
or PSG test. The choice of testing method for each
participant is at the physician's discretion. This is
greatly influenced by the patient's health insurance
coverage.

Exclusion criteria: 1. suspected central apnea
or central hypoventilation; 2. severe neuromuscular
disorders (e.g., muscular dystrophy, cerebral palsy);
3. chronic pulmonary disease requiring home
oxygen therapy; 4. facial proportions abnormalities
such as Down syndrome; 5. inherited disorders of
muscle tone such as Prader-Willi syndrome; and 6.
CPAP titration patients with a tracheostomy tube or
PSG after tracheostomy decannulation.

Measurements

On the overnight SpO, or PSG examination
date, nurses who trained for the NC measurement
measured the body sizes of participants, including
weight (by Tanita® WB-100), height (by Seca® 216),
and NC (by medical plastic measuring tape).
Aradiograph of the neck lateral soft tissue technique
was obtained on the same date for measuring
adenoid thickness (AT). Weight was measured with
light clothing and without shoes. The comparison
of patient weight and the weight according to the
height standard for Thai children' is the %ideal
weight [%ideal weight = patient weight x 100/
weight standard at P50]. The percentage of patient
height compared with P50 of children of the same
age is the %median H/A [%median H/A = patient
height x 100/height standard at P50].

NC is the length around the base of the neck
above the clavicle (according to the standard
measurement of body proportions in Thai
children)'’. The age-related neck circumference

372

Tayatorn Sudsuansee Wiriya Nilprapa Worawan Rojanawong

(%NC) refers to the determined NC values
calculated as a percentage compared with the NC
of normal children of the same age and gender
according to the formula [%NC = (measured
NC x 100)/standard NC of children]. NCAR is
the ratio between the measured NC and the
thickness of the adenoids on radiographs.
Adenoid thickness (AT) is the thickness of
adenoids from the perpendicular to the most
distant part (convex) of the gland to the line joining
the upper end of the pterygomaxillary fossa and
the tip of the anterior margin of the atlas bone®.
The Digital Radiographic Viewer (PACS™) is used to
measure AT using the measurement features
provided in the software by the research project
leader.

Obstructive sleep apnea (OSA) in children is
a condition in which a child has complete
obstruction of the upper airway during sleep so
that air cannot enter through the nose or mouth.
Respiratory flow measured by the thermistor has
decreased by 90% or more in at least two respiratory
cycles, accompanied by dyspnea and paradoxical
movements of the chest and abdomen®. The PSG
in this study, using Compumedic™Somte, consisted
of standard full night PSG measurements in which
trained sleep technicians monitored the patients’
condition. The trained physicians evaluate
polysomnograms regarding pediatric OSA
diagnostic criteria”. Overnight SpO, is the oxygen
saturation monitoring during sleep for at least
6 hours (using the Bitmos™ sat 805). The SpO,
tracing was graphed using Satview™ software
version 1.1.9 and interpreted using McGill oximetry
scores'®. The OSA diagnostic criteria used in
this study were the apnea-hypopnea index (AHI)
> 1.5 events/hour (from PSG) or the oximetry score
> 1 (from overnight SpO,). The severities of
OSA in children classified by AHI are AHI 1.5 to
< 5 events/hour = mild OSA, AHI 5-10 events/hour =
moderate OSA, and AHI > 10 events/hour = severe
OSA™. If overnight SpO, results are negative or
inconclusive and further PSG testing is required, this
further testing involves another visit for analysis
(using the same case number, the body sizes are
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measured again and analyzed separately for each
OSA test). Pediatric overweight diagnosis is made
for a child with a percentage of %ideal weight
> 120%".

Statistical Analysis

All study participants with adequate sleep
duration according to sleep monitoring standards
were analyzed. However, this study did not find
participants with insufficient sleep duration to be
excluded. Most of the variables in this study
followed a non-normal distribution by the
Kolmogorov-Smirnov test, the reported results
were given in term of the median (interquartile
range (IQR): 25" to 75" percentile). Researchers
used the Mann-Whitney U or Kruskal Wallis test for
continuous variables comparison, and the test
for categorical variables was the chi-square test.
The analysis of correlation in this study was
conducted via the Spearman test. The ROC analysis
was for determining the optimal cutoff value from
the potential variables. P values were two-sided
and statistical significance was assumed at p < 0.05.
The computer software for data analysis is SPSS for
Windows version 16.0.

In data analysis, the researchers classify
patients who perform overnight SpO, into groups of
those who test positive and those who do not test
positive (including inconclusive and negative
patients). The rationale is that patients who do not
give a positive result still need to be tested further
with PSG because the overnight SpO, test has
a high false negative value’.

Results

A total of 73 Thai children with habitual
snoring participated in the study; 65% were boys
with a median age of 10.6 years. (IQR: 7.4-12.7)
The total number of patients who tested positive
for either PSG or overnight SpO, was 52.1%. There
were 43 children (58.9%) who underwent overnight
SpO,. For children tested by overnight SpO, testing,
53.5% were negative, and 20.9% were positive.
Among 30 children tested by PSG, confirmation of
OSA diagnosis of varying severity was 96.7%. In the
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PSG group, only one patient had negative results
(3.3%). The demographic and clinical characteristics
of the patients tested with overnight SpO, and PSG
are shown in Table 1. The overnight SpO, patients
had a higher percentage of family history of
household smoking than the PSG group. There is no
statistically significant difference in demographic
data between overweight children with and without
OSA. In non-overweight participants, positive test
group (n=22) significantly has more proportion
of negative household smoking (90.9%) than
non-positive patients (54.5), p-value 0.027.

Overall, the non-positive patients (n=35)
comprised the negative PSG patients (n=1), negative
overnight SpO, patients (n=23), and inconclusive
overnight SpO, patients (n=11). Both groups showed
no statistically significant difference in terms of AT,
%ideal weight, %median H/A, BMI, %NC, and NCAR,
as shown in Table 2. None of the non-positive
overnight SpO, subjects proceed to perform PSG
testing during the study period.

There were no statistically significant
differences in the overnight SpO, group between
various oximetry scores and the body size variables.
Similarly, there were no statistically significant
differences in the PSG group between the OSA
severity by PSG and the body size variables.
(table 3). However, there was a correlation between
some anthropometric data and nadir SpO, or PSG
indices. Nadir SpO, of all patients from both tests
(PSG and overnight SpO,) was statistically inversely
related to AT. Meanwhile, AHI and RDI had a linear
correlation with %median H/A and %NC, and CAl
had a linearly inverse correlation with %ideal
weight andBMI (table 4).

In the correlated variables plotted in the
scatterplots, the variables with the highest r-squared
() values were AHI vs. %NC (r* = 0.226) and RDI vs.
%NC (r* = 0.228). (figure 1) The scatterplots between
%median H/A vs. AHI and RDI had r* values of 0.106
and 0.107, respectively. The CAl was inversely
related to the %ideal weight and BMI, with the r?
values from the scatterplot being 0.018 and 0.037,
respectively. The AT vs. nadir SpO, had r* values
of 0.109.
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Table 1
PSG testing
Variables®
Male (%)
Household smoker (%)
ATH diagnosis (%)

Chronic sinusitis diagnosis (%)
Age (year)

%ideal weight

%median H/A

BMI

AT

%NC

NCAR

Sleep architecture
o TST (min)
« Latency (min
+ N1 (% of TST
+ N2 (% of TST
» N3 (% of TST
+ REM (% of TST)
« Efficiency (%)

i

~— ~— ~—

Events

Nadir SpO, (%)
ETCO2 > 45 mmHg (% of TST)

Diagnosis

Overnight SpO, (n=43)
67.4%

39.5%

76.7%

2.3%

9.9 (8.1-11.3)
128 (106-159)
102 (97-105)
20.6 (17.3-28.4)
1.8 (1.6-2.1)
89.5 (84.1-96.4)
16.2 (14.4-19.2)

Oximetry 79.1%
Score 1 11.6%
Oximetry 4.7%
Score 2 4.7%
Oximetry

Score 3

Oximetry

Score 4

91 (86.8-93)

Negative 53.5%
Inconclusive  25.6%
Positive 20.9%

Demographic and clinical characteristics of patients who underwent overnight SpO, and

PSG (n=30)
63.3%

16.7%

73.3%

3.3%

11 (6.7-13.3)
131.5 (102.5-167.8)
101 (95.8-104)
23.4 (16.22-29.7)
1.7 (1.3-2.3)
92.5 (81-99.3)
16.7 (14.3-20.4)°

p-value
0.804
0.042
0.787
1.000
0.641
0.340
0.777
0.713
0.224
0.936
0.964

469.5 (422-491.8)
11.5 (4.8-19.3)
4.5 (3-8.75)

46.5 (42.8-54.3)
26 (17.8-33)

18 (16.8-21)

92.7 (90.3-95.6)

Arousal index  37.2 (24.5-49.7)
RDI 8.9 (4.4-16.1)
CAl 0.4 (0-1.25)

AHI 8.3 (3.8-16)

89 (85.8-92)
0.1440.6°

0.111

1% snoring 3.3%
Mild OSA 30%
Moderate OSA  30%
Severe OSA 36.7%

°Numbers are in median (IQR: 25-75th percentile), *n=25 (Five patients had a history of adenotonsillectomy, and adenoid

thickness is 0 mm).

2 patients had ETCO2 > 45 of 1 and 2.6% of TST, Numbers are in mean+S.D. (ATH = adenotonsillar hypertrophy, TST = total sleep time,
RDI = respiratory disturbance index, CAl = central apnea index, AHI = apnea-hypopnea index; all indices are in events/h)
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Table 2

Variables®

AT (cm)

%IBW

%H/A

BMI

%NC

NCAR
(n=68)°

Vajira Medical Journal: Journal of Urban Medicine
Vol. 66 No. 6 November - December 2022

Comparisons of body sizes in participants according to test results in each method

Positive
— Overnight
(ne3m) T
(n=9)
1.76 2.1
(1.6-2.32) (1.7-2.5)
138 146
(102-172) (108-184.5)
101 100
(96-104) (96-105.5)
24.6 27.85
(163-31.4)  (17.2-33.7)
93.5 93.5
(81.7-100.1)  (79.8-103.4)
16.6 16.1
(14.3-19.5)  (13.8-17)

PSG
(n=29)

1.64
(1.4-2.1)
130
(102-165)
101
(95.5-104)
232
(16.2-29.2)
90.7
(80.8-100.1)
16.9
(14.3-20.5)

Non-positive p-value
Overnight
Overall PSG Overall
SpO,
(n=35) (n=1) (n=73)
(n=34)
1.79 1.78
2.3 0.685
(1.62-2.08) (1.6-2)
128 124
177 0.623
(106-158)  (105.7-151.3)
102 102
102 0.205
(100-105)  (99.5-105)
20.6 20.6
34.6 0.600
(17.3-27.9) (17.2-27.8)
89.5 89.3
94.6 0.727
(84.4-96.4) (84.3-96.4)
16.2 16.5
15.8 0.581
(14.7-19.6)  (14.6-19.8)

Overnight
SpO

’ (n=30)
(n=43)
0.161 0.533
0.298 0.333
0.502 0.867
0.418 0.267
0.714 0.733
0.309 0.88

°Numbers are in median (IQR: 25th-75th percentile) °5 positive participants had an adenoid thickness of 0 mm. due to post-
adenotonsillectomy (All were in the PSG group). (%IBW is %ideal weight, %H/A is % median H/A)

Table 3

Variables®

AT (cm)

%IBW

%H/A

BMI

9%NC

NCAR®

Anthropometric variables between various overnight SpO, and PSG outcomes

Overnight SpO,

Ox. Ox.
Score 1 Score 2
(n=34) (n=5)
1.78 1.68
(1.61-2.04) (1.47-2.2)
124 173
(105.8-151.3) (108-193)
102 96
(99.5-105)  (96-105)
20.6 27.9
(17.2-27.8)  (16.9-43.9)
89.3 87.1
(84.3-96.8)  (78.9-103.4)
16.5 16.6
(14.6-19.8)  (14.7-22.2)

PSG

Ox. Ox. 1°
Score 3 Score 4  p-value snoring
(n=2)> (n=2)° (n=1)
2.37+0.33 2.35+0.48 0.115 23
122.5+3.3 149+4.7 0539 177
97.5+£3.5 108.5+4.9 0.107 102
227483 25+9.7 0.817  34.6

6.1+1.2 103.3+1.4 0.498  94.6
13.9+4.7 14.4+0.1 0.440 158

Mild Moderate
OSA OSA
(n=9) (n=9)

1.58 1.51

(0-2) (0.7-1.8)
115 133

Severe
OSA
(n=11)
1.81
(1.6-2.4)
144

p-value

0.158

0.185

(92.5-142.5) (107.5-170.5) (103-178)

98 101
(93.5-101.5) (95-107)
19 23.6
(14.2-25.3) (17.6-30.5)
77.9 90.7
(76.5-96)  (87.9-99.7)
14.5 18.9
(12.4-16.8) (17.2-21.6)

103
(100-104)
253
(16.2-30.9)
94.6
(89.8-101.7)
16.25
(14.3-20.6)

0.506

°Numbers are in median (25th-75th percentile) "Numbers are in mean+S.D. 5 patients in this group had a history of
adenotonsillectomy, and adenoid thickness is 0 mm. (Ox. Score = oximetry score, RDI = respiratory disturbance index,
CAl = central apnea index, AHI = Apnea-hypopnea index; all indices are in events/h)
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Table 4  Correlation coefficients (p-value) between nadir SpO, or PSG indices and body sizes
Nadir SpO, AHI RDI CAl Arousal index
(N=73) (n=30) (n=30) (n=30) (n=30)
Adenoid thickness -0.259 (0.027)  0.298 (0.109)  0.323(0.082)  -0.059 (0.757)  0.338 (0.068)
%ideal weight -0.198 (0.092)  0.346 (0.061)  0.347 (0.061)  -0.401 (0.028)  0.141 (0.458)
%median H/A -0.031 (0.792)  0.374(0.042)  0.371(0.044)  -0.199 (0.293)  0.142 (0.454)
BMI -0.185(0.118)  0.345 (0.062)  0.346 (0.061)  -0.470 (0.009)  0.141 (0.458)
%NC -0.075(0.528)  0.465 (0.01) 0.467 (0.009)  -0.279 (0.135)  0.201 (0.287)
NCAR 0.186 (0.129)  0.053 (0.801)  0.054 (0.796)  -0.098 (0.641)  0.057 (0.786)

(AHI=Apnea-hypopnea index, RDI=respiratory disturbance index, CAl = central apnea index)

120.00

100.00

percentNC

80.007

60.00] o

R Sg Linear = 0.226

T T T T T T T
0.00 1000 2000 3000 4000 5000 60.00
AHI

Figure 1

The comparison of %NC in the overweight
group (N=40), there were no statistically significant
differences between positive (n=27) vs.
non-positive (n=13) results [94.9 (88.3-104.1) vs.
93.4 (89.3-104.4), p-value 0.669]. But in the
non-overweight group, positive children (n=19)
had a statistically smaller median NCAR
compared to non-positive children (n=11); 14.3
(12.7-14.9) vs. 16.2 (14.7-20.3), p-value 0.006.
(3 non-overweight children were excluded from
this analysis because they underwent
adenotonsillectomy before this follow-up PSG.
They had no residual radiographic adenoid
hypertrophy).

120.00-

100.00—

percentNC

80.00-

60.00 o

R Sq Linear =0.228

T T T T T T T
000 1000 2000 30.00 4000 50.00 8000
RDI

Correlation between %NC vs. AHI (left) and RDI (right)

ROC analysis of NCAR for predicting
non-positive tests in the non-overweight children
had the area under the curve of 0.799, p-value
0.007 (95%Cl 0.64-0.958). The proposed cut-off
NCAR value in predicting non-positive tests in
non-overweight children is more than 13.95,
with 100% specificity and 47.4% sensitivity.
The positive and negative predictive values are
100% and 68.6%, respectively.

Discussion

This study found no statistically significant
differences in body size between positive and
non-positive patients (either PSG test or overnight
SpO, test). However, there were correlations
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between some anthropometric parameters and
OSA indices or nadir SpO,. For %NC in overweight
children, we found no statistically significant
differences between positive and non-positive
patients. For NCAR in non-overweight children, we
found that positive children statistically had
a smaller median NCAR than non-positive children.
According to this study, NCAR > 13.95 predicted
non-positive tests in non-overweight children with
high specificity and moderate sensitivity. When
considering patients in the overnight SpO, group,
there are no statistically significant differences
between oximetry scores and body sizes. However,
we found a correlation between AT and nadir SpO,
in this group with a coefficient of -0.525 (p-value
0.0003). The reason for the non-significance
between oximetry scores and AT is possibly due to
the components of these scores. The oximetry
scores comprise the nadir SpO, and the frequency
of the SpO, drop. AT itself may not correlate with
the latter factor. As with the PSG cohort, we did not
find a statistically significant difference between
OSA patients of varying severity and patients with
primary snoring. However, there was only one in
the primary snoring group in this study. When we
excluded the primary snoring case, the body sizes
(BMI, %ideal weight, and %NC) tended to increase
as the severity increased. In particular, the %NC
had the smallest p-value of 0.109, and %NC was
statistically correlated to AHI and RDI.

Two previous studies had the same results as
this study'”™. Both studies found no statistically
significant difference in NC between OSA and
non-OSA groups. However, the average age of
patients from these two studies were different; one
studied early school-age children™, and the other
studied adolescents'’. Instead, they found that
some ratios were significantly different between
the OSA and non-OSA groups; one was the
neck-to-height ratio'®, and the other was the
waist-to-height ratio'’. We hypothesize that a single
parameter such as length, height, or circumference
is not sufficiently sensitive to differentiate
OSA children from non-OSA. In 2016, the use of
NHR to assess OSA risk in pediatric and adult
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patients’ found that children with an NHR > 0.25
(corrected for BMI z-score) had an increased risk of
OSA but less than in adults (3.47- vs. 18-fold).
Researchers speculated that this was due to the
lack of age-related normalized NC in children.
This study used age-related normalized NC to
compare but failed to achieve the same result.
The reason is probably that age-related normalized
NC in this study is not a BMI z-score-corrected
value.

In overweight children, %NC was not
statistically significantly different between the OSA
and non-OSA groups. Most of the past studies
used raw NC values to determine the risk of OSA.
One study found that children with NC > 95™
percentile increased their risk of OSA statistically by
1.7 times, but the effect was insignificant for
those under 12 years old". In this study, we did not
find the same result because when using the NC
cut-off at the 95" percentile, this study found
a relative risk of 1.09 (p-value 0.605, 95%C.I.
0.78-1.52). The reason is that children in this study
were of a lower mean age than the mentioned
study. The effect of NC in younger children might
not be as pronounced as in the older group. In pre-
teens with OSA, enlarged adenoids may play
a greater role than overweight. In the non-
overweight group, the children who tested positive
had a statistically smaller median NCAR compared
to the non-positive group. This study is the first
to use NCAR to study its relationship with OSA.
The ratios used in the previous studies were neck-
to-waist (NWR)'"** and neck-to-height (NHR) ratios’.
Both ratios (NWR and NHR) work better in
adolescents than in younger children, and in
overweight children than non-overweight ones.
Therefore, we were interested in variables among
non-overweight children, so we proposed NCAR.
However, we also analyzed NHR and NWR in this
population and found no statistically significant
differences between positive and non-positive
patients. The reason might be that children in this
study were predominantly early adolescents whose
morphological changes were not similar to those in
older adolescents who have had growth spurts
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already. There was a statistically significant inverse
relationship between CAl vs. %ideal weight and
BMI. As in the previous study”, central sleep apnea
(CSA) incidence is higher than in adults, and
overweight children had a lower incidence of CSA
than non-overweight children. The same was true
for this study.

This study is a pioneer study using NCAR
in non-overweight children. OSA in children has
a complex pathogenesis, especially in the
overweight group. The previously mentioned
studies have unsuccessfully found a single
anthropometric parameter in identifying the OSA
cases in children. In contrast to using ratios, the
results are more promising. The rationale for using
NCAR in the non-overweight group is also reasonable
(the small neck circumference of the non-overweight
divided by the thicker adenoids of suspected OSA
cases, the result should be smaller than the non-OSA).
We therefore strengthen the argument that NCAR
has potential for screening OSA.

The possible cause of the failure to
demonstrate statistically significant differences
between positive and non-positive groups is that
we have limited number of sample size and we
found only one negative PSG subject to compare
between groups. In Thailand, PSG is a test mostly
performed in patients in which there is a high
suspicion of OSA. Therefore, this selection bias give
higher chances of a positive result than in the
general population. And because overnight SpO,
testing is more convenient than PSG testing and
tends to be used more, especially in resource-
constrained countries, then the researchers
included diagnostic criteria of OSA from either
overnight SpO, or PSG. As a result, the results of
this study may not be directly compared with other
studies in terms of OSA incidence. Even though
overnight SpO, is often the preferred method for
OSA screening in this institution due to its feasibility
and cost-effectiveness, there will be a group of
patients who have inconclusive results and need
additional PSG testing. It would be great to have
a variable(s) that can predict the probability of OSA
in this group of patients and allow us to choose
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PSGinstead of overnight SpO, testing. Unfortunately,
this study showed no helpful parameter related to
body size except the NCAR for non-overweight
snoring children. The hypothesis of NCAR is
reasonable for non-overweight children, but these
populations were both overweight and non-
overweight mixed in equal proportions, so the
discriminant power of this value was not good in
this case. The limitation of NCAR is in a patient who
underwent adenoidectomy because it uses the
thickness of the adenoid gland as the denominator,
which is equal to zero, making it impossible to use
in this group of patients who, on the basis of
common sense, are unlikely to develop OSA due
to this cause. Only nine children (12.3%) in this
study were under six years of age, which is the age
at which adenotonsillar hypertrophy is prominent
and results in OSA%. We selected these children for
analysis and found no statistically significant
differences between all anthropometric variables
and OSA test results. The explanation may be that
the small number of cases in this age group may
not be able to demonstrate the importance of AT
in this study. Further studies in the 3-6-year age
group should yield more reliable results. In this
study, the location of the NC measurement was at
the base of the neck. This location is the reference
from the standard NC measurement'’. Comparing
the results of this study with others may need to
consider this as a limitation.

In summary, anthropometric measurement
as isolated value in “habitually snoring children”
seems invaluable for the screening OSA. The utility
of such parameters in ratios (such as NCAR, NWR,
NHR) has greater potential as a screening tool. A
well-designed study to validate NCAR utilization is
necessary before generalizability in habitually
snoring children. Greater sample sizes, especially in
the PSG test group, are necessary to increase the
number of negative cases for comparison.
Alternatively, the randomization between PSG and
overnight SpO, to evenly distribute the negative
subjects in both groups might provide more reliable
conclusions. Finally, future research should
consider the relevance of puberty as a factor.
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Conclusion

There was no statistically significant difference
in %NC of the OSA and non-OSA children.
In overweight children, there was also no statistically
significant difference in %NC between positive
and non-positive groups. In the non-overweight
group, NCAR was significantly smaller in positive
children than in non-positive children.
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Abstract

Objective: This study aimed to assess the prevalence and risk factors of positional obstructive
sleep apnea (POSA) among children with OSA.

Methods: A retrospective study was conducted. One hundred and three children with OSA who
were aged 3 to 18 years between April 2013 and July 2021 were included in this study.
Demographic and polysomnographic data were gathered.

Results: The prevalence of POSA was 42.7%. No significant differences were observed in age,
gender, tonsil score, weight status and medical comorbidities. Children with POSA had
a significantly higher supine AHI than non-POSA (9.6 [0.0-98.7] versus 4.7 [0.0-55.4], p = 0.012).
The median non-supine AHI of POSA was significantly lower than non-POSA (0.0 [0.0-18.6]
versus 5.3 [0.0-78.9], respectively p < 0.001).

Conclusion: POSA among children with OSA occurs frequently, similar to adults with POSA.
POSA is associated with higher supine AHI and lower non-supine AHI. Positional therapy
might be beneficial in children with POSA.

Keywords: positional obstructive sleep apnea, obstructive sleep apnea, children
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Introduction

Obstructive sleep apnea (OSA)is characterized
by recurrent upper airway obstruction associated
with intermittent nocturnal hypoxia and sleep
disruption. OSA occurs in 1- 4% of healthy children,
while the prevalence of OSA among children with
comorbidities such as obesity, craniofacial
malformation, and Down syndrome is 60-80%"".
There is evidence that body position during sleep
can affect the severity of OSA. This is known as
positional obstructive sleep apnea (POSA), present
predominantly in the supine sleeping position®.
POSA is defined by a supine apnea-hypopnea index
(AHI) at least twice in a non-supine position’.
Studies for POSA in children are limited. It has been
established that 19% of children with OSA and
58% of obese children with OSA have POSA, while
55% of adults with OSA have POSA®®. Several
factors may affect the sleep position on OSA
severity, including age, obesity, and history of
adenotonsillectomy (A&T)*'°. A&T is the first line of
management for children with OSA, but the success
rate is only 51% for both obese and non-obese
children''. Continuous positive pressure therapy
(CPAP) is the main therapy for persistent OSA in
children following A&T. However, adherence rates
to CPAP are low'. There are alternative treatments
for POSA in children, such as positional therapy".
This study aimed to evaluate the prevalence of
POSA and identify the factors associated with POSA
in children.

Methods
Study design and participants

This was a retrospective study performed
with 151 children at the Vajira Sleep Center,
Navamindradhiraj University from April 01, 2013 to
July 31, 2021. One hundred and three patients
aged between 3-18 years undergoing a baseline
diagnostic polysomnogram (PSG) with a diagnosis of
OSA were included in the study. The criteria used
for diagnosis of OSA is the obstructive apnea-
hypopnea index (AHI) > 1/h; further delineating
the severity as mild OSA (AHI > 1-5/h), moderate
OSA (AHI > 5-10/h), and severe OSA (AHI > 10/h).
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The exclusion criteria included patients with only
a supine position, a PSG-measured total sleep time
(TST) of less than 6 hours, and subjects with
bradycardia or tachycardia.

Data acquisition

Data collection from the medical records
and PSG results included age, gender, weight,
height, tonsil size, underlying disease, total sleep
time (TST), total AHI, supine AHI, non-supine AHI,
mean oxyhemoglobin saturation (SpO,), and
minimal SpO.,.

Weight status determinations (normal weight,
overweight, and obesity) were made using the
median weight-for-height on growth charts from
the Department of Health, Ministry of Public
Health, Thailand". According to definitions from
the Ministry of Public Health, obesity is defined as
a median of weight-for-height > median +3 SD,
overweight as a median of weight-for-height
< median +3 SD and > median +2 SD, and normal
weight as a median of weight-for-height < +2 SD
and > -2 SD. Tonsils were graded from 0-4 by
Brodsky'”. Subjects were divided into three age
groups: < 6 years, 6-12 years, and > 12 years.
Medical comorbidities were categorized as
respiratory diseases including allergic rhinitis and
asthma, cardiovascular diseases including
hypertension and valvular heart disease, and
neurological disorders including epilepsy, Down
syndrome and attention deficit hyperactivity
disorder.

POSA is defined by a supine AHI at least
twice that in a non-supine position. PSG includes
electroencephalography (EEG), electro-oculography,
submental and anterior tibialis electromyography,
electrocardiography, oronasal airflow, thoracoabdominal
movement, positions, snoring, and oxygen
saturation. PSG was attended by a trained sleep
technician. Sleep staging and respiratory scoring
were interpreted by sleep physicians using the
criteria defined by the American Academy of Sleep
Medicine'®. The AHI was defined as the combined
number of apneas and hypopneas recorded per
hour of sleep. Apnea was defined as when the peak
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signal excursions decreased by more than 90% of
the pre-event baseline for at least two breaths.
Hypopneas were defined as the peak signal
excursions being decreased by more than 30% of
the pre-event baseline for at least two breaths and
were associated with more than 3% oxygen
desaturation or EEG arousal ™.

Statistical analysis

Descriptive statistics were described as
frequencies and percentages for categorical
variables. Continuous variables were presented as
means + standard deviation or median (range)
when the variables were not distributed normally.
A Chi-square test was performed for analyzing the
categorical variables. The differences in continuous
variables between POSA and non-POSA were
compared using the independent sample t-test
and Mann-Whitney test with a significance level set
at p < 0.05. All statistical analyses were performed
using SPSS version 28.0 (IBM Corporation, Armonk,
NY).

Results

One hundred and three children were
enrolled in this study, including 78 males (75.7%),
and the mean age was 8.45 £ 3.93 years old.
Most of the children were from 6 to 12 years old
(55.3%). In these children, tonsil grade 3 was 42.7%
(49) and grade 4 28.2% (29). Children who were
obese and overweight accounted for 43.7%
(n=45) and 9.7% (n=10), respectively. Among these,
44 (42.7%) fulfilled the criteria for POSA, and 59
(57.3%) were non-POSA. Demographic data are
given in Table 1.

We classified 103 children based on OSA
severity; 38 (36.9%) were categorized as mild OSA,
29 (28.2%) were moderate OSA, and 36 (35%) were
severe OSA. Overall, the median total AHI was 6.6
(1.3-98.7) events/hr. PSG data are summarized in
Table 2.
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Table 1

Characteristics
Age in years
Weight in ke
Height in cm

Tonsil score size, n (%)
0
1
2
3
a

Gender, n (%)

Male

Female

Medical comorbidities, n (%)
Respiratory disease
Cardiovascular disease

Neuro-psychiatric disease

Table 2

Sleep study parameters
TST (min)

Total AHI (events/hr.),
median (range)

Supine AHI (events/hr.),
median (range)

Non-supine AHI (events/hr.),
median (range)

Mean SpO, (%)
Minimal SpO, (%)

Prevalence and Risk Factors of Positional Obstructive Sleep Apnea (POSA) among Children with Obstructive Sleep Apnea

Demographic data (n=103)

Mean = SD
8.45 + 3.93
46.52 + 30.09
133.47 + 23.24

2(1.9)

10 (9.7)
18 (17.5)
44 (42.7)
29 (28.2)

78 (75.7)
25 (24.3)

12 (11.7)
12 (11.7)
6 (5.8)

Polysomnographic data (n=103)

Mean + SD
443.88 + 72.66

6.6 (1.3-98.7)

7.0 (0.0-98.7)

3.9 (0.0-78.9)

95.36 + 8.92
83.20 + 9.23



The mean age of POSA and non-POSA was
8.52 £ 0.62 and 8.38 + 0.49 years, respectively.
Thirty-five males and nine females were POSA.
The median total AHI for POSA and non-POSA were
8.7 (2.0-98.7) and 5.3 (1.3-54.9) events/hr.,
respectively. There were no significant differences
between the POSA group and the non-POSA
group in terms of age, weight, height, tonsil score,
gender, medical comorbidities, TST, total AHI,
mean SpO,, and minimal SpO,. The non-supine
AHI was significantly lower in children with POSA
(0.0 [0.0-18.6] versus 5.3 [0.0-78.9], p < 0.001).
There was a trend for the POSA group to have a
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higher supine AHI compared with the non-POSA
group (9.6 [0.0-98.7] versus 4.7 [0.0-55.4],
p = 0.012). Comparison characteristics and PSG
data between POSA and non-POSA are shown in
Table 3.

There was found to be an increase in POSA
with older age (52.94%), being overweight or obese
(44.82%), and moderate to severe OSA (47.69%).
No significant difference was found for the age
group, weight status and OSA severity between
children with POSA and without POSA. Data for age
group, weight status, and OSA severity are shown in
Table 4.

Table 3  Baseline characteristics and polysomnographic comparison between POSA and non-POSA

POSA (n=44) Non-POSA (n=59) p value
Age (year) 8.52 + 0.62 8.38 + 0.49 0.866
Weight (kg) 47.67 + 32.42 45.66 + 28.47 0.739
Height (cm) 135.31 + 23.42 132.10 + 23.20 0.490
Tonsil score, n (%) 0.452
0 1(2.3) 1(1.7)
1 6 (13.6) 4(6.8)
2 7 (15.9) 11 (18.6)
3 15 (34.1) 29 (49.2)
4 15 (34.1) 14 (23.7)
Gender, n (%) 0.435
Male 35(79.5) 43 (72.9)
Female 9 (20.5) 16 (27.1)
Underlying disease, n (%) 0.923
Respiratory disease 5(38.4) 7(41.2)
Cardiovascular disease 6 (46.2) 6 (35.3)
Neuro-psychiatric disease 2(15.4) 4 (23.5)
TST (min) 429.15 + 91.83 452.88 + 57.06 0.140
Total AHI (events/hr.), median (range) 8.7 (2.0-98.7) 5.3(1.3-54.9) 0.191
Supine AHI (events/hr.), median (range) 9.6 (0.0-98.7) 4.7 (0.0-55.4) 0.012
Non-supine AHI (events/hr.), median (range) 0.0 (0.0-18.6) 5.3 (0.0-78.9) <0.001
Mean SpO, (%) 94.50 + 13.50 96.01 + 1.93 0.396
Minimal SpO, (%) 83.18 + 7. 88 83.21 + 10.19 0.986

Prevalence and Risk Factors of Positional Obstructive Sleep Apnea (POSA) among Children with Obstructive Sleep Apnea
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Table 4

Data

Age, n (%)

< 6 years

> 6-12 years

> 12 years

Weight status defined by weight-for-height, n (%)
Obesity
Overweight
Normal weight
OSA severity, n (%)
Mild

Moderate

Severe

Discussion

In our study, the prevalence of POSA was
42% among children with OSA (when defined as
obstructive events occurring twice as often in the
supine than non-supine sleep position). Nisbet
et al. also showed that children aged 0-18 years
who were positional patients when using at least
twice the AHI in one sleep position than other
position and high supine AHI were 31% and 549%,
respectively'’. The prevalence of POSA was
estimated at approximately 55% among adults
with OSA™.

The definition of POSA establishes various
criteria. Cartwright et al. described that POSA is
defined as a difference of > 50% in obstructive AHI
between supine and non-supine positions”.
Marklund et al. defined supine-dependent sleep
apnea as a supine AHI more than 10 with lateral AHI
less than 10". Mador et al. suggested that POSA is
defined as AHI < 5 /h in a non-supine position and
a decrease of AHI more than 50% between supine
and non-supine position”’. Bignold et al. showed
that position-dependent is defined as a total AHI
> 15/h, supine AHI as at least twice non-supine AHI
and non-supine AHI < 15/h with > 20 min of sleep

Comparison of POSA and Non-POSA in different age group, weight status and OSA severity

POSA (n=44) Non-POSA (n=59) p value
0.645
12 (27.3) 17 (28.8)
23 (52.3) 34 (57.6)
9 (20.4) 8 (13.6)
0.830
21 (47.7) 27 (45.8)
5(11.4) 5(8.4)
18 (40.9) 27 (45.8)
0.409
13 (29.6) 25 (42.4)
14 (31.8) 15 (25.4)
17 (38.6) 19 (32.2)

in supine and non-supine sleep positions®’.
The new criteria, the Amsterdam Positional
OSA Classification (APOC) introduced positional
therapy and defined it as 1) AHI > 5/h, 2) > 10% of
TST in both the best sleep position (BSP) and the
worst sleep position, 3) BSP less than five, 4) lower
OSA severity in BSP than total AHI or total AHI
>40/h and a decreased AHI in BSP > 25% compared
to total AHI. No universal criteria exist for POSA
in children®. A study by Verhelst et al. found that
the prevalence of children with POSA and those
with Down syndrome were 19% and 22.2%,
respectively®. Previous studies reported that
POSA among children with OSA and obesity
were 30.3-58%°". Our data found 43.75% of
POSA among children with obesity, which was
not different from non-POSA children.

Previous studies examined the relationship
between POSA and risk factors including age,
obesity, tonsil size, and AHI. Zhang et al. reported
that the left lateral decubitus AHI was significantly
lower than supine AHI in children aged 6 to 13
years (p < 0.05)”. Cuhadaroglu et al. demonstrated
that children with adenotonsillar hypertrophy had
the highest AHI in the supine position (p < 0.001)".
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A previous study by Verhelst et al. reported the
association between POSA and age, obesity,
tonsil size, AHI, supine AHI, and non-supine AHI.
In the study of Selvadurai et al.,, both significantly
higher supine AHI and lower non-supine AHI were
found in the POSA group, while the non-POSA
group had a significantly lower mean SpO,%".
Also, there was no association between POSA
and non-POSA with a history of previous A&T'.
In a recent study, children with POSA had
a significantly higher supine AHI and a lower
non-supine AHI; there were no significant differences
in age, gender, or obesity in syndromic children®.
Similar to our findings, no significant differences in
age, gender, obesity, tonsil size and medical
comorbidities were uncovered. Our study found
that supine AHI and non-supine AHI were related to
risk factors among children with POSA. Children
with OSA worsened during REM sleep. However,
time spent in a supine versus non-supine sleep
position and REM versus non-REM sleep may be
affected by both supine AHI and non-supine AHI.
Verhelst et al. also reported that the supine
AHI was higher than the non-supine position
during REM sleep®. By contrast, Selvadurai et al.
showed that supine AHI and non-AHI were
no significantly different between children
with POSA and those without POSA during REM
sleep’. Previous research found that the severity
of OSA had a significant difference in adults
with POSA”™?. In contrast to our study, the severity
of OSA was not significantly different in children
with POSA.

Children with POSA are considered to benefit
from positional therapy, which is an alternative
treatment option. However, there is little data on
the efficiency of positional therapy among children
with OSA.

This study has several limitations. This is
a retrospective study that used a small sample size
and a single center. The majority of subjects were
children who were overweight or obese and had
a higher risk for OSA. The diagnosis of POSA is
based on PSG that is considered for night-to-night
variability in severity OSA and sleep position.

Prevalence and Risk Factors of Positional Obstructive Sleep Apnea (POSA) among Children with Obstructive Sleep Apnea
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Conclusion

The prevalence of POSA among children
with OSA was found to be 429%. Higher supine
AHI and lower non-supine AHI were factors
associated with POSA. Future studies should
investigate the diagnosis criteria and anatomy
collapsing in children with POSA for treatment
beyond A&T.
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Abstract

Objective: Soft tissue release and gap balancing in varus knee deformity following total knee
arthroplasty (TKA) are important issues that lack conclusive results. Various techniques
including posteromedial capsule (PMC) and superficial medial collateral ligament (sMCL)
release have been used for varus knee correction and flexion gap balance.

Methods: We retrospectively reviewed data from patients who had undergone TKA with
computer-assisted surgery measurement and the use of PMC and sMCL release by the
preservation of anterior attachment of pes anserine at our institute from November 2015
to February 2016. Gaps and alignment were measured and recorded by computer-assisted
surgery measurement.

Results: Twenty-one patients were enrolled. The mean age was 68.0 (48.0-78.0) years with a
mean preoperative hip-knee-ankle angle of 8.1 (3.5-16.0) degrees and a mean flexion
contracture (FC) of 11.3 (3.5-16.0) degrees. The mean corrections for varus deformity after
PMC and sMCL release were 4.9 + 2.8 and 3.4 + 1.7 degrees, respectively, with the mean
FC after PMC and sMCL release correction of 5.6 + 3.5 and 1.3 + 2.9 degrees. The mean
medial extension gap changes after PMC and sMCL release were 1.8 + 1.4 and 1.7 + 1.0
millimetres, respectively, with mean medial flexion gap after PMC and sMCL release
changes of 0.7 + 0.9 and 5.1 + 2.1 millimetres, respectively. There was no significant
change in lateral gaps after PMC and sMCL release. No instability of the knee was found.

Conclusion: The sMCL released with the preservation of the anterior attachment of pes
anserinus in total knee arthroplasty has an additional effect on varus knee correction and
flexion gap balance after PMC release without the creation of knee instability.

Keywords: total knee arthroplasty, varus knee, computer-assisted surgery, superficial medial
collateral ligament release, posteromedial capsule release
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Introduction

Osteoarthritis (OA) of the knee is the most
common articular disease, especially among the
elderly population. In severe cases, it frequently
causes pain and knee deformity, which worsens
quality of life'”. Total knee arthroplasty (TKA) is the
treatment of choice in severe cases, which bypasses
conservative treatment. Nowadays, the number of
knee arthroplasty procedures has been increasing
due to good clinical outcomes and patient
satisfaction®®. The goals of treatment in OA of the
knee include restoring the axis of the knee by bone
resection and gap balancing”'. Varus deformity of
the knee is a common pattern in OA. Soft tissue
balancing by medial soft tissue release plays an
important role in the correction of this type of
deformity. Correction of varus deformity by the
release of the superficial medial collateral ligament
(sMCL) was suggested by Insall et al., but current
reports have been varied and inconclusive' .
From previous studies, the release of the
posteromedial capsule (PMC) and sMCL showed
additive effects on flexion and extension gaps in
TKAY ' Mullaji et al." studied the effect of
sequential release on fresh cadaveric knees using
a CT-free computer navigation system. Data from
the study showed severe instability of the knee
after the release of sMCL. Therefore, it was
suggested not to perform sMCL release except in
the case of recalcitrant varus deformity.

Mihalko et al.”” described the technique of
SMCL release with preservation of pes anserine
insertion by subperiosteal release from tibial
insertion just medial to the pes anserine tendon
and insertion to the medial aspect of the upper
tibia extending 6 to 8 cm past the joint line. This is
less extensive than the technique previously
described by Insall®*® because it preserves the
anterior attachment of pes anserine insertion,
which plays an important role in knee stability. This
modified Insall technique has become the main
technique for sMCL release in our practice for more
than 10 years.
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The aim of this study was to analyse the
amount of medial and lateral gap changes after the
sequential release of PMC and sMCL using
computer-assisted surgery (CAS) in patients who
had undergone TKA. The gaps were measured
before and after PMC and sMCL release using the
modified Insall technique by the preservation
of the anterior attachment of pes anserine.
The hypothesis of this study is releasing sMCL
after PMC release by using this technique will
provide an additive effect on varus correction
without the creation of instability.

Methods

After receiving approval from the Vajira
Institutional Ethics Committee (study reference
number 051/61), all procedures were performed in
accordance with relevant guidelines. We
retrospectively reviewed data from patients with
primary OA of the knee who had undergone CAS
TKA with a navigation system (Brainlab software
knee 2.6) at our institution from November 2015 to
February 2016. Inclusion criteria included patients
aged 45-80 years diagnosed with primary OA of the
knee through varus alignment (determined as hip-
knee-ankle angle > 0 degrees) who had undergone
unilateral TKA. Exclusion criteria included
posttraumatic arthritis of the knee, inflammatory
joint disease, revision surgery, and cases in which
PMC or sMCL release was not performed. All
patients underwent the same standard surgical
procedure, as described below.

The Midvastus approach was done in all
patients. After arthrotomy, as much osteophyte as
possible was removed. Initial soft tissue release,
just enough to move the tibia anteriorly, was done;
the normal depth of release was about 2 to 3
centimetres below the joint line at the anterior part
of the tibia extending to the equator of the tibia on
the medial side. Subsequently, the CAS pins were
inserted, and a CT-free navigation system was
assembled. The proximal tibia was resected first
using mechanical alignment, and a 220 Newton
spring-loaded device (DePuy, Johnson and Johnson)
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was inserted between the cut surface and distal
femur for measuring gaps before and after each
step of soft tissue release. An extension gap was
defined as a gap between a proximal tibia cut and
a distal femur in full extension. A flexion gap was
defined as a gap between the posterior condyle of
the femur and proximal tibia cut at 90 degrees of
knee flexion.

PMC release was done by the release of the
posteromedial corner and semimembranosus
expansion (figure la-b). PMC release was not
performed in a hyperextended knee or flexion
contracture deformity below 5 degrees. sMCL was

subperiosteally released, without pes anserine
insertion detachment, after PMC release was done
if varus deformity was more than 3 degrees using a
bone chisel (figure 2a-b). We recorded all data at
full extension, 30, 60, 90 and 120 degrees of
flexion, respectively, after each soft tissue release
step via Brainlab navigation system software 2.6
(figure 3a-d). After PMC and sMCL release, standard
CAS TKA was continued. During the CAS procedure,
after the trial TKA prosthesis was inserted, the
stability of the knee was assessed. Intra-operative
knee instability was identified as a gap change of
more than 1 mm. after varus and valgus stress.

Figure 1a

Initial posteromedial capsule release on the left knee using electrocauterisation

Figure 1b Posteromedial capsule release then release subperiosteally by a bone chisel

Figure 2a-b  Superficial MCL of left knee was subperiosteally released downward to 8-10 cm. below
joint line without pes anserine insertion detachment using bone chisel

Results of Posteromedial Capsule and Superficial Medial Collateral Ligament Release on Gap and Alignment in Total Knee Arthroplasty
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Figure 3a-d
Figure 3a
Figure 3b
Figure 3c
Figure 3d

Results

There were 21 patients (16 female and 5 male)
with a mean age of 68.0 (48.0-78.0) years. The mean
body mass index was 28.5 (20.7 - 39.9) kg/m?”. The mean
preoperative hip-knee-ankle angle was 8.1 (3.5-16.0)

Soft Tissue Balancing

Vajira Medical Journal: Journal of Urban Medicine
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"] Soft Tissue Balancing

CT-free navigation software showed how to measure alignment, extension and flexion gaps
This figure shows medial and lateral extension gaps before PMC and sMCL release
This figure shows medial and lateral extension gaps after PMC and sMCL release
This figure shows medial and lateral flexion gaps before PMC and sMCL release
This figure shows medial and lateral flexion gaps after PMC and sMCL release

Table 1  Demographic data

Gender Female
Male
Age (year)
BMI (kg/m?)
Side Right
Left
Prosthesis PFC Sigma
Attune
LCS
Comorbidity Yes
No

Preoperative HKA (degree)

Flexion Contracture (degree)

degrees of varus with a mean flexion contracture
of 11.3 (3.5-16.0) degrees. Sixteen knees were
implanted with a fixed-bearing knee prosthesis,
while the other five knees were implanted with
a mobile-bearing knee prosthesis (table 1).

16 (76.2%)
5 (23.8%)
68.0

28.5

13 (61.9%)
8 (38.1%)
15 (71.4%)
1(4.8%)

5 (23.8%)
11 (52.4%)
10 (47.6%)
8.1

11.3

Range SD

48.0 - 78.0 9.0
20.7 - 40.0 5.0

35-16.0 34
2.0-28.0 53

Results of Posteromedial Capsule and Superficial Medial Collateral Ligament Release on Gap and Alignment in Total Knee Arthroplasty
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From the records, we performed PMC release
in all patients and combined PMC and sMCL
release in fourteen patients. The mean corrections
of varus deformity after PM and sMCL release were
4.9 + 2.8 and 3.4 + 1.7 degrees, respectively, while
the mean corrections of flexion contracture after
PMC and sMCL release were 5.6 + 3.5 and 1.3 + 2.9
degrees, respectively, as shown in figure da-b.

The mean medial extension gap changes
after PMC and sMCL release were 1.8 + 1.4 and 1.7
+ 1.0 mm. respectively. The mean medial flexion
gap changes after PMC and sMCL release were 0.7

The mean lateral extension gaps after PMC
and sMCL release were -1.3 + 1.8 and -1.1 = 1.6
mm., respectively. The mean lateral flexion gaps
after PMC and sMCL release were -0.2 = 1.0
and 0.1 = 1.8 mm. (figure 5). No intra-operative
instability was found. Postoperative varus and
valgus stress tests were performed at full
extension and 30-degree flexion. All patients’
knees were stable and had no unstable feeling of
the knee afterwards. The datasets used and/or
analysed during the current study are available
from the corresponding author upon reasonable

25.00

20.00-

15.00+

10.00

Degree

5.00

-5.00—

+ 0.9 and 5.1 + 2.1 mm., respectively (figure 5). request.
Hip-Knee-Ankle angle Flexion Contracture
251 -
a b
20
5, 15
. g 10
S I 2

. .

T 11
-5+

Preuplraliun [nitiallelease Pl\lrlleaxe M&WSMCL Pustupiel‘aﬁnn Preopelaratiou aﬂ:erl PM after sIMCL
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Figure 4a Hip-Knee-Ankle (HKA), Axis-X represents HKA and FC preoperative, after PMC and after sMCL release
Figure 4b Flexion contracture (FC) correction, Axis-Y shows HKA and FC (Degree), Positive HKA angle is

defined as varus alignment
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Figure 5 Medial and lateral gaps (mm.) changes at full extension and 90 degree flexion
Axis-X represents Medial and lateral gaps preoperative, after PMC and after sSMCL release

Axis-Y shows Medial and lateral gaps (mm.)
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Discussion

sMCL release had an effect on varus
correction of both gaps with more effect on the
flexion gap. The results also showed the negative
effect of medial soft tissue release on the lateral
gap. We believe that mechanical axis alignment
restoration can explain this result.

Our results showed PMC release in total
knee arthroplasty affected varus correction,
including flexion contracture, similar to a previous
study'™”. This technique had effects on both
flexion and extension gaps with more effect on the
extension gap.

Moreover, our results did not show instability
after sMCL release, which was reported in the
non-preserving insertion of the pes anserine
sSMCL release technique, pie-crusting or multiple
needle puncturing techniques in previous
19212 Differences in the results may have
been caused by the surgical technique used in
this study. Previously, the traditional technique had
an over-correction effect on the flexion gap, while
the modified technique in this study did not™.

One of the main differences in the release
technique was release without detachment of
insertion of pes anserinus anteriorly; previous
studies also showed the same results . We believe
that pes anserine provides dynamic stabilisation
throughout the entire range of motion.

The strengths of this study included the use
of CAS to record the changes in gaps among all
patients, which provided minimal measurement
error. Further, the results of PMC and sMCL release
may be varied in long-term follow-up. Further
study and long-term follow-up should be carried
out.

studies

This study had some limitations. First, a
retrospective descriptive study was carried out with
female predominance. Second, a small sample size
was observed, but the changes in the gap were
significant. Third, we used different types of
prostheses.

Vajira Medical Journal: Journal of Urban Medicine
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Conclusion

The sMCL release with the preservation of anterior
attachment of pes anserinus in TKA had an additional
effect on varus knee correction after posteromedial
capsule release without the creation of knee instability.
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Abstract

Objective: Proximal tibial bone resorption and osteolysis after total knee arthroplasty occur
despite improved design and manufacturing processes. We utilized finite element analysis
to study these phenomena.

Methods: We use SOLIDWORKS 2018 software to study stress and displacement of normal tibias
and tibias implanted with a 4-mm-thick CoCr tibial tray (dmm-tray) or 2-mm-thick titanium
alloy (2mm-tray). Under vertical loads of 1000 or 2000 N, the stress and displacement of
both tibia tray models were analyzed. Stress on the supported proximal tibia 1 and 2 cm
beneath the surface was analyzed and compared to stress in a normal tibia.

Results: Stress concentrated around the central region compared to the peripheral region in
all models, which caused more deformation of the material in the central region.
However, the dmm-tray exhibited a more rigid construct compared to the 2mm-tray.
Under any load, the 2mm-tray exhibited more tray deformation, with a central-peripheral
deformation difference of approximately five times more than the deformation difference
for the 4mm-tray. Moreover, stress on the peripheral region of the supported proximal
tibia was only 18-22% of that of a normal bone for the 4mm-tray compared to 54-66%
for the 2mm-tray.

Conclusion: Both tibial tray implant models exhibited some degree of stress shielding on the
peripheral region of the supported proximal tibia. However, the greater modulus and thicker
baseplate construct of the 4-mm CoCr tray exhibited a profound stress shielding effect.
This stress shielding may correlate with a higher incidence of proximal tibia bone loss.

Keywords: finite element analysis, total knee arthroplasty, deformation of tibial tray, stress
shielding
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Introduction

The number of primary total knee arthroplasty
(TKA) operations has increased markedly because
of the aging society. Consequently, the number
of revision TKA operations has also increased'”.
The major causes of TKA failure include infection,
periprosthetic fractures, osteolysis, and aseptic
loosening'. Despite advances in TKA technology,
aseptic loosening and osteolysis are still major
causes of revision™. In a retrospective studya,
medial proximal tibial bone loss after TKA was
significantly higher in prostheses with thicker tibial
baseplates compared with bone loss in prostheses
with thinner tibial baseplates. These results
correspond to recent reports®* suggesting a high
incidence of proximal tibial bone resorption for
thick tibial baseplate designs. In our institute, we
observed similar results with higher incidence of
proximal tibial bone resorption in 4-mm-thick
cobalt-chromium alloy (CoCr) tibial trays (figure 1)
compared to 2-mm-thick titanium alloy (Ti) tibial
trays. This may cause from differences between
these two prostheses included the materials,

Figure 1
shown bone resorption of proximal Tibia
after total knee replacement with 4-mm-thick
cobalt—chromium alloy for 5 years

Plain radiograph of 72-year-old female
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designs, and tibial baseplate thicknesses.
We hypothesized that these factors can change
the pattern of deformation of the tibial tray under
load, which may affect stress transfer to the
supported proximal tibial bone.

Finite element analysis (FEA) is used to study
patterns of load distribution, contact surface,
and microdeformation of knee prostheses’”.
To understand proximal tibial bone resorption
better, we used FEA to analyze the stress and
deformation of different tibial trays and stress on
the supported proximal tibia beneath the trays
under load.

Methods

This research was approved by the Ethics
Committee of Navamindradhiraj University
(COE 07/2020). We used a computer-generated
finite element (FE) model with SOLIDWORKS
2018 software to analyze stress and deformation
of the normal tibia and two tibial models:
a 4-mm-thick CoCr tibial tray (dmm-tray) and
2-mm-thick Ti tray (2mm-tray). The three-
dimensional drawings of both tibial tray
models are shown in Figure 2 from SOLIDWORKS
2018 software. The materials used for the tibial
trays were as follows: cobalt-chromium alloy
(ASTM F75 CoCr alloy) in the CoCr tray and
titanium alloy (Ti—6Al-4V alloy) in the Ti tibial tray.
The properties of the CoCr alloy and Ti trays are
shown in Table 1. The material properties of
each part of the tibia and bone cement from the
previous work of Enab et al.'® were used in the
model, and they are shown in Table 2.
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Té&TS

(a)

Figure 2 Three-dimension model of the tibial tray developed in FE simulation (a) Cobalt chromium
alloy with 4 mm -thickness (b) Titanium based alloy (Ti-6Al-4V alloy) and Cobalt chromium alloy with

2 mm-thickness

Table 1  Material properties of alloy to be used in FE simulation

Properties

Elastic Modulus

Poisson’s Ratio

Mass Density

Tensile Strength

Yield Strength

Thermal Expansion Coefficient

Thermal Conductivity

Table 2 Material properties represented in the FE model

Material

Cortical bone
a. Top
b. Bottom

Cancellous bone
a. Top

b. Top-middle
c. Middle

d. Bottom

PMMA cement

Material value
Ti-6A-4V alloy
105

0.31

4430

1050

827

0.000009

17

ASTM F75 CoCr alloy

230
0.29
8300
480
480
12
13

Modulus of elasticity (GPa)

14
7

0.3
0.15
0.1
0.05

2.150

Poisson’s ratio

0.3
0.3

0.2
0.2
0.2
0.2

0.46

Units

GPa
N/A
Ke/m®
MPa
MPa

/K
W/(m.K)
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We matched the assigned tibial tray to the
bone surface. A 2-3 mm layer of bone cement
was created to simulate the cemented fixation
of the tibial tray. The boundary conditions were
set by clamping total support of the tibia tray
and proximal tibial bone. Vertical loads of 1000
and 2000 N, which reflect the estimated normal
and peak internal forces within the tibia during
stance and the swing phase of subjects weighing
60 keg'', were applied on the top surface of the
tibial tray with equal force distribution on both
sides of the plateau. The stress distribution of
both tibia tray models was analyzed. Figure 3
showed examples of FE models under 1000N
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load. The stress on the supported proximal tibia
at 1 and 2 cm beneath the surface was also
analyzed for all models and compared to stress
on the normal tibia and showed stress distribution
on bone deep from surface 2 cm on FE models.
We implemented a static analysis to calculate
the stress distribution and deformation of the
models. Central area deformation was determined
at the closest part to the cone or stem in each
design. Peripheral deformation is represented as a
mean value of four measured points, as shown in
Figure 4. Stress distribution on sagittal view of
bone surface were shown in Figure 5.

won Mises (N/mA2)
1.000e+07
9.000e+06

- B000e+06

- 7.000e+06

. 6000e+06

L 5000e+06

L 4.000e+06

L 3000e+06

X ¥, Z Location:| -3.68, -15,-18.1 mm

2.000e+06

1.000e+06

0.000e+00

2

von Mises (N/m*2)

3.043+04 NjmA2 1.6002+05

A

1.4d0e +05

. 1.280s+05

. 1.120e+05

_ 9.600e+04

- 8.000e+04

Loeation N,

X. ¥, Z Location:| 209, -15, -2.38 mm J | Location: 3 | 64000408

XY, Z Location:|23.7, -15, 1.37 mm

Value: 2.238e+04 N/m*2 _ 4.800e+04

ON applied to 4-mm CoCr based tibial trays (a)
g SOLIDWORKS. Stress distribution on bone deep
based tibial tray (c) and 4-mm CoCr based tibial

Value: 1.869e+04 N/mA2

3.2002+04
~
d) 1.600e+04

10.000e+00

401

Pruk Chaiyakit Krittamuk Ompornnuwat Natthapong Hongku Pattanaphong Janphuang



Vajira Medical Journal: Journal of Urban Medicine
Vol. 66 No. 6 November - December 2022

Location 2
X, ¥, Z Location: |-21.8, 2.49, -35.2 mm

Value: 4.625e-04 mm

Location: 1

XY, Z Location: [-29.7, 2,49, -12 mm

Value: 6.171e-04 mm

Location 3

X, Y. Z Location: |21.6, 2.49, -35.2 mm URES (mm)

Value: 4.684¢-04 mm

6.200e-03

| 5580603
4960603
_ 4340603

| 3.720e-03

4 L 3.100e-03

LY, Z Location: [27.7, 2,49, -7.68 mm _ 2.480e-03

Value: 8.613e-04 mm

_ 1.860e-03

1.240e-03

6.200e-04

0,000e+00

Figure 4 Displacement at 4 positions of Peripheral area of 2-mm Ti based tibial tray was measured

after apply force of 1000 N

(a) (b)

von Mises (N/m*2)
von Mises (N/m"2)
62006406

l 5.580e+06

- 49606406

1.000e+07
l 9.0002+06

~ 8.000e+06

_ 4340406
7.000e+06

- 60008406 _ 37206406

L 5.000e+06 000y

| 4.0000+06 L 2480e+06

_ 18600406

1.240e+06
I 62000405
0.000e+00

. 3.000e+06

2.000e+06
I 1.000e+06
0.0002+00

(©)

Figure 5 Sagittal view of stress distribution on normal bone (a), 2-mm Ti based tibial tray (b), and

4-mm CoCr based tibial tray (c)

Results

FE modeling revealed the same force
patterns for the different tibial trays, with force
concentrated more over the central region, as
shown in Figure 2. When we increased force from
1000 to 2000 N, stress increased on the surface in
both tibial tray models, as expected. Although
the represented point may be slightly different
between trays because of different designs,
the pattern of stress concentration was the same,
with more force concentrated over the central
region for both tibial trays, as shown in Table 3.
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Higher stress over the central region caused
more deformation in the central region in
both types of tibia trays, as shown in Figure 2.
However, the degree of deformation was
different. Under any load, the 4mm-tray showed
less deformation compared to the 2mm-tray.
Under a 1000 N load, the deformation difference
between the central and peripheral regions for
the 4-mm-tray was 13.05 microns and the
difference for the 2mm-tray was 55.83 microns.
The deformations of the trays under both loads
are presented in Table 4.
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Table 3  Stress on Ti Tibial tray and CoCr Tibial tray with force applied 1000 N and 2000 N (N/m?)
1000N 2000N
Peripheral Central Peripheral Central
Ti Tibial tray 2 mm 2.78 MPa 10.10 MPa 5.50 MPa 20.19 MPa
CoCr Tibial tray 4 mm  2.33 MPa 6.22 MPa 4.71 MPa 12.11 MPa

Table 4

Peripheral (micron)

1,000 N 2,000 N
2 mm Ti tibial tray 6.02 13.36
4 mm CoCr tibial tray 6.275 14.08

Stress distribution underneath the tibial
tray was also different between the two trays.
At any load, the dmm-tray had much less stress
transfer to the peripheral part of the supported
proximal tibia compared to the stress transfer
for the 2mm-tray. Under a 1000 N load, stress on
the peripheral region of the supported proximal
tibia at 1 cm below the surface in a normal bone
was 0.18 MPa. However, the stress values on

Table 5
2,000 N (N/m?)

Normal Tibial bone

(MPa)
1,000 N 2,000 N
Peripheral
eripneral area at 0.18 0.36
depth 1 cm
Peri
eripheral area at 0.11 0.21
depth 2 cm
Central area at
0.13 0.27
depth 1 cm
Central area at
0.06 0.12

depth 2 cm

Stress Shielding in the Proximal Tibia after Total Knee Arthroplasty: A Finite Element Analysis of 2- and 4-mm-thick Tibia Prosthesis Models

Detailed summary of deformation of tibia tray prosthesis under different load (Microns)

Peripheral-Central

Central (micron
( ) deformation (micron)

1,000 N 2,000 N 1,000 N 2,000 N
61.85 123.90 55.83 110.54
19.33 38.50 13.055 24.42

the dmm-tray and 2mm-tray were 0.04 and
0.12 MPa, respectively. If the load was increased
to 2000 N, stress increased to 0.36 in a normal
bone, 0.07 MPa in the 4mm-tray, and 0.23 MPa
in the 2mm-tray. Load transfer to the supported
proximal tibia was significantly reduced in
both models but was more profound for the
4mm-tray. A detailed summary of stress underneath
the tibial tray in all models is presented in Table 5.

Detailed summary of stress underneath surface at different level with force of 1,000 N and

2 mm Ti based tibial 4 mm CoCr based

tray (MPa) tibial tray (MPa)
1000 N 2,000 N 1,000 N 2,000 N
0.12 0.23 0.04 0.07
0.06 0.13 0.02 0.05
0.05 0.1 0.03 0.06
0.09 0.18 0.03 0.06
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Discussion

Loosening of the tibia prosthesis after TKA is
one of the unsolved problems in knee arthroplasty.
Many hypotheses explain early loosening, including
inadequate fixation, poor cement technique, stress
shielding, or implant malposition® . Implant design,
such as a cement pocket under the tibial tray and
the roughness of the surface, are possible causes
leading to the modification of the design. Despite
improvements in the design, tibial loosening is still
widely reported®'***. Proximal tibia resorption
after TKA may aggravate this problem. A higher
incidence of proximal tibial resorption in thicker
tibial tray designs was reported, which aligned with
our unreported data. When comparing the 4-mm-
thick CoCr tray to the 2-mm-thick Ti tray, we found
four main differences: 1) bearing mobility, which
can be fixed or mobile, 2) tray design, 3) material,
and 4) tray thickness. The 4-mm-thick CoCr trays
used at our institution are mobile-bearing tibial
trays, whereas the 2-mme-thick Ti trays are fixed-
bearing tibial trays. The mobile-bearing knee has
theoretical advantages, including less volume of
wear particle creation from lower contact stress,
which should lessen the wear particle-related
problems. However, more recent reports showed
that the amount and size of wear particles
were similar in both mobile-bearing and
fixed-bearing designs'**. No clinical results suggest
differently®®'>'°. Therefore, we excluded the
possibility of wear particle-related causes for
proximal tibia bone loss or early loosening.
Thus, these phenomena can be explained by the
differences in the material, design, or thickness of
tibial baseplates. Hence, the thickness of the
tibial tray and a higher Young’s modulus material
may explain the differences, leading to the present
study.

Our results showed the same pattern of
stress and deformation for both tibial tray models.
Stress was more concentrated around the central
region of the trays, resulting in more deformation in
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the central region in both models. However, the
degree of deformation was much lower in the
4mm-tray model. When we analyzed stress on the
supported proximal tibia for the normal tibia and
post-TKA models, we found that less stress was
transferred to the supported proximal tibia in
the post-TKA models, suggesting a stress shielding
pattern. However, the stress transfer was much
less in the 4mm-tray model, indicating a profound
pattern of stress shielding. These results may be
explained by the higher modulus material combined
with the thicker construct in the 4mm-tray model.
According to Wolff’s law, stress shielding will result
in some degree of bone loss, which may occur in
the supported proximal tibia in our model.

In addition to the material and thickness,
the design of the tibial tray may affect stress
shielding. Two prosthesises built with almost equal
thicknesses and the same material were shown
to induce significantly different rates of proximal
bone resorption'’. The 2mm-tray in our study was
designed with a reinforced peripheral ring,
which theoretically improves the stiffness of the
peripheral region compared to the 4mm-tray.
However, the overall effects of the material and
thickness overcome the effect of the design in our
study.

There are several limitations to our study.
Our study shows FEA results only; clinical application
in a real situation depends on each surgeon.
The load applied to the tibia in our study was in
one direction. However, the normal knee is
subjected to rotational force also, which was not
applied in our FEA model. Further studies with
more variables may show different results.

Conclusion

Because 4-mm-thick CoCr trays were made
with a stronger material and thicker baseplate,
the degree of deformation under load was less
compared with the deformation in the 2-mm-thick
Ti tibial tray. The FEA model also demonstrated

Stress Shielding in the Proximal Tibia after Total Knee Arthroplasty: A Finite Element Analysis of 2- and 4-mm-thick Tibia Prosthesis Models



that less stress was transferred to the supported
proximal tibia underneath the tray, which may
correlate with the resorption of bone in this
region. Further studies with different tibial tray
models or more complex load patterns can help us
understand the complex nature of failure in knee
arthroplasty.
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Abstract

Objective: To investigate the capability of methicillin-resistant Staphylococcus aureus (MRSA)
and mecA-carrying Staphylococcus aureus (MCSA) transfer from hospital to community
through foods due to the mecA gene is responsible for various antimicrobials resistance.

Methods: We investigated four MRSA from patients and healthy carriers and one mecA-carrying
S. aureus (MCSA) from food, whether they were capable of surviving through acidic
condition and simulated gastrointestinal system. All bacterial strains were examined in
green papaya salad’s liquid portion (GPL), pH 2.0 and pH 3.0 to test their toleration ability
in acidic food. Bacterial toleration to gastrointestinal system was investigated using 0.3%
(w/v) pepsin-supplemented phosphate buffer saline (PBS) (pH 2.0 and pH 3.0), and
different concentrations bile salt-supplemented tryptic soy broth (TSB). T-test was used
to compare the bacterial survival rates at room temperature and 4°C, before exposure to
GPL, pH 2.0 and pH 3.0.

Results: The results revealed that MRSA and MCSA could tolerate in GPL, pH 3.0 and pH 2.0 for
2 h and 1 h, respectively. Bacterial exposure to 4°C for 3 h before incubated in GPL, pH
2.0, significantly prolonged bacterial survival (P < 0.05). Toleration to simulated
gastrointestinal system demonstrated that clinical MRSA strain PSU20 well tolerated to
simulated gastric juice, pH 3.0 [0.3% (w/v) pepsin] for at least 1 h with the bacterial
survival populations of 4.40 log CFU/mL. In addition, this PSU20 well tolerated to all
concentrations of bile salts.

Conclusion: This study suggests that clinical MRSA has potential to transfer from hospital to
community through foods and is able to break the gastrointestinal innate immunity
establishing infection in human. This is crucial for public health stand point.

Keywords: MRSA, hospital, gastrointestinal tract, mecA, bile salt

Received: 24 November 2022, Revised: 14 December 2022, Accepted: 14 December 2022



IBSDLBAISHADNSAISDLBMAQSIVAITDY awusduadu

nanutllanonnd oorsad 91nlsewaruianfnonoassau
0190n01eMon [UFIBUBUNTUNO IS

nsiy gudians Usat
qilen uner3dad ma.
Uguniaud Saudae Us.a’

' 01A39198%7INGT @ INEIAERITINII AMLINNAENS InTIveNduaaILATUNS Inenuamalug metng Ysemelne

2 AvIned1Ens augInemansuavinalulad wninedeasvaiuaiuns mewalaniil annil Ussinelne

* fAnsie, dia: pharanai82@gmail.com
Vajira Med J. 2022; 66(6): 407-14
http://dx.doi.org/10.14456/vmj.2022.42

UNANED
“mqﬂisaqﬁ: \efnwALENNTaTe methicillin-resistant Staphylococcus aureus (MRSA) Lag
mecA-carrying Staphylococcus aureus (MCSA) Tun1sanenenainlsanenuiabugeyuau

H1UN98195LL899INEU mecA noliiinnTsoefuadnag1avaInaiey

BAuiunside: msfnwriifiensiaaeunuaNnsaTes MRSA wag MCSA Tflauaninsasendin
Tuewnsfidunsauarluanzssuumaiuemafieniiassiulsvdeld wuaflFes 5 aneriug
IHsunsvadeunIuMuNIelL sreen papaya salad’s liquid portion (GPL) #i pH 2.0 uaz 3.0
dumuumusoanzluszuUMLAUEIMT Nadeulaunsld phosphate buffer saline (PBS)
it pepsin ANULTNTLTREAE 0.3 (W/V) (pH 2.0 and pH 3.0) wagld tryptic soy broth (TSB)
73l bile salt Arududusng 9 drunissentinveswuaiidelu GPL pH 2.0 way 3.0 ﬁqmmqﬁﬁaa
dewSsudieudul 4°C Ifumsiasevimnsadflags T-test

NANNSIVY: NANITNAABIUAASIALIIUIN MRSA Wag MCSA @nansavumiuanganuidunsaves GPL
pH 3.0 uay 2.0 IiPunan 2 $alus wag 1 alus muddu nsliuuafiSeduiagaumyiivnd 4oC
Hunan 3 Flureunageueundunsaly GPL pH 2.0 wuhaansaviliuueiidesinissendin
1@1’mamu§uaéwaﬁﬁﬂﬁﬂﬁmmqaaa (P < 0.05) MAFBUANUVILMIUSDANTIZIUSTUUNAUDYNT
wud1 MRSA aeiug PSU20 fuenldanitaslulsmeruna aunsanusethgesnszimizamns
Fuanwii pH 3.0 Iedhetion 1 Fludneiidenunsaniinadosentinlats 4.40 log CFU/mL
uenanil aneius PSU20 Samuste bile salt Tunn q Anudduiinaaeudnie

agu: msAnwifiuansliiiudn MRSA anlsanetuia fenuaiuisalunisgnatenenlugyuyule
HIuneskazanunsasuszuuniquiueia innate immunity Tussuumaiivermsuay
a1anelsalalunyed Feduvatdmasiesyuuasisaaulagsim

o a

ANENALY: MRSA L1SIMENUR STUUNILAUBINIT mecA naatif

FUNFUUNAMY 24 NOARNIBY 2565 FuAluunAd 14 A 2565 TURBUSUUNAIN 14 SudAy 2565



Introduction

Methicillin-resistant Staphylococcus aureus
(MRSA) is a nosocomial pathogen that was observed
in the last quarter of 1960". It is frequently found to
be the crucial causative agent of human skin abscesses.
Phenotypic characteristic of methicillin resistance is
contributed by the presence of mecA gene coding
for penicillin-binding protein2a (PBP2a), responsible
for low B-lactam antibiotic affinity’. It can cause
a wide range of severity upon human infections
and its incidence is increasingly reported in
hospitals worldwide. In United States, 2003,
approximately 400,000 inpatients were reported
to be infected by MRSA’. In addition, in 2005,
the causation of approximately 19,000 hospital
deaths in United States was resulted from MRSA
infections".

Despite that MRSA is able to cause nosocomial
infections, the potential MRSA strains carrying
important virulence factors are also reported from
foods™". Recent report has described the role of
MRSA in acute gastroenteritis outbreaks acquired
from the community®. The report described the link
between the infection of staphylococcal enterotoxin
C (SEC)-producing MRSA and the consumption of
food from a delicatessen by pulsed-field gel
electrophoresis (PFGE). This outbreak was
subsequently found to clearly show that foods can
act as the important MRSA vehicles.

Our previous report has pointed the high
degrees of MRSA and mecA-carrying S. aureus
(MCSA) contamination rates in the ready-to-eat
foods sold in the hospital area. MRSA and MCSA
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strains from the foods and clinical sources were
also genetically compared and showed high
degrees of genetic similarity’. In addition, MCSA
strains were found to survive in acidic food such as
a green papaya salad (GP) which is consumed
worldwide. Therefore, this study aims to investigate
the survival capability of MRSA and MCSA strains
in acidic food and simulated gastrointestinal
system. This may help understanding the transfer
of pathogens from hospital to community.

Methods
Bacterial strains

Four important MRSA strains and one MCSA
strain isolated from patient, healthy carriers,
and ready-to-eat foods, were collected from
our previous studies®” using Baird Parker agar,
and selected as the surrogates in this study.
Characteristics of bacterial strains were described in
Table 1.

Survival of MRSA and MCSA in acidic food

Due to in our previous study, MRSA
was found in GP in high rate, thus GP was employed
as a model to investigate the acid toleration of
MRSA and MCSA. Briefly, GP samples were
purchased and 99 ml of the green papaya salad’s
liquid portion (GPL) was separated and kept into
the glass bottle (Duran, Germany). The pH of GPL
was adjusted to be 3.0 and 2.0 using 1.0 M citric
acid (Sigma-Aldrich, USA). Afterwards, GPL were
sterilized by autoclave. Tested bacteria were
prepared as previously describe®. In brief,

Table 1  Characteristics of 4 MRSA strains and a MCSA strain used in this study

o Date of Virulence genes Source of Enterotoxin E—
isolation mecA uk-PV vWbp spa coa femB sea isolation genes

PSU20 24 Jan 2011 + - - + + + + Hospital patient seg, sei 23

psu24 25 Jan 2011 + - - - - - - Healthy carrier  seg 23

PSU83 25 Jan 2011 + - - - - - - Healthy carrier - 23

*PSUL09 9 Sep 2013  + - - + - - - Seasoned rice  sec, sed 6

PSU172 12 Dec 2013 + - - - - - - Seasoned rice - 6

*PSU109 carried mecA gene but was susceptible to cefoxitin by disk diffusion method, classifying as a MCSA strain.
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an individual colony was grown in 5 ml of tryptic
soy broth (TSB) at 37°C for 6 h with aeration at
150 rpm. Bacterial cells were washed using
0.85% NaCl solution (NSS) and adjusted to be
0.5 McFarland turbidity standards (approximately
1.5 x 10° cfu/ml) in NSS by Densitometer (Biosan,
Latvia). Ten-fold dilution was performed to obtain
a working culture (1.5 x 10" cfu/ml) using NSS as the
diluent. One milliliter of a working culture was
spiked into a 99 ml of GPL, pH 3.0 or pH 2.0,
thoroughly mixed, and incubated statically at room
temperature for 6 h. Survival of bacteria was
monitored at 7 time points (0 to 6 h) by surface
plate count on mannitol salt agar (MSA).
The experiment was performed in triplicate.
Moreover, to test that the cold exposure to bacteria
can increase bacterial survival, the effect of cold
temperature was also investigated using the same
protocols as described above except that a working
culture was kept at 4°C for 3 h before adding
to GPL, pH 3.0 or pH 2.0.

Survival of MRSA and MCSA in simulated gastric
juice

To simulate the condition of gastric system,
phosphate buffer saline (PBS), pH 2.0 and pH 3.0,
supplemented with 0.3% (w/v) pepsin (Sigma-
Aldrich, USA) were used. The experiment was
carried out as described by Wang et al’ with slight
modifications. Briefly, a 1 ml of 1.5 x 10° cfu/ml
bacterial culture was added into 9 ml of 0.3% (w/v)
pepsin-supplemented PBS (pH 2.0 and pH 3.0) and
incubated at 37°C for 1 h. Bacterial survival was
assessed by surface plate count on MSA. A 0.3%
(w/v) pepsin-supplemented PBS, pH 6.2 was used
as a control. The experiment was performed in
triplicate.

Survival of MRSA and MCSA in bile salt

To simulate the condition of human intestinal
tract, bacteria were tested for their toleration in
various concentrations of bile salts. The experiment
was performed as previously described"® with slight
modifications. In short, a working bacterial culture
of 1.5 x 10" cfu/ml was prepared as described
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above. One milliliter of working culture was spiked
into a 99 ml of sterile TSB supplemented with
0.1%, 0.3%, and 0.5% (w/v) of bile salt (Sigma-
Aldrich, USA) and incubated statically at 37°C for
4 time points, 0 min, 30 min, 60 min, and 90 min.
Bacterial survival was assessed by surface plate
count on MSA. Sterile TSB was used as a control.
The experiment was performed in triplicate.

Statistical analysis

Data were analyzed using SPSS for Windows
software, version 11.0 (SPSS, Chicago, IL). T-test was
used to compare the survival rates among bacteria
at room temperature and at 4°C, before exposure
to GPL, pH 3.0 and pH 2.0. Level of significance was
set as P < 0.05.

Results
Survival of MRSA and MCSA in GPL

Due to the previous study has shown that
MRSA and MCSA strains could well tolerate to GP,
pH 4.0° Thus, in this study, GPL was also employed
as a model to assess the acid toleration capability
of bacteria. At pH 3.0, the results revealed that
PSU24 isolated from the throat of a healthy carrier,
could withstand this degree of acidity for 3 h with
the survival population of 3.16 log CFU/ml (mean
value). However, it was at the undetectable limit
after 4 h of incubation (figure 1). PSU20 isolated
from hospital patient was also able to tolerate with
the survival populations at 2 h of 3.11 log CFU/mL.
All strains were not detected after 4 h.

The incubation of bacterial culture at 4°C
before exposing them to the acidic pH in this
current study was carried out since some raw
materials are stored at low temperature. Bacterial
survival ability at 4°C (pH 3.0) prolonged the
bacterial survival time. PSU24 could survive for
longer until 4 h with bacterial survival of 2.09 log
CFU/ml, compared to the condition at room
temperature which was under detection limit.
Similar fashion was found in PSU20 and PSU83
(Figure 1). At 4°C (pH 2.0), it was found that cold
temperature was capable of elevating the survival
rates. At 0 h of incubation, we found the bacterial
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population around 3.14 to 3.68 log CFU/ml in all
strains. PSU24 also exhibited the highest rate of
acid toleration expressing 2.48 log CFU/ml at 3 h of
incubation. Furthermore, all strains could survive
longer than those stored at room temperature
with undetectable limit since 2 h of incubation
(figure 1).

Survival of MRSA and MCSA in simulated gastric
juice

Low pH of gastric system plays an important
role as an innate immunity to destroy pathogens.
The results in this experiment showed that
MRSA strains from healthy carriers and foods could
not tolerate to the simulated gastric juice,
pH3.0 and pH 2.0, with 0.3% (w/v) of pepsin
supplemented. They were under undetectable
limit at 1 h of incubation. However, clinical MRSA
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Figure 1  Survival of 4 MRSA strains and a MCSA

in 4 storage conditions of GPL, storage at room
temperature and expose at pH 3.0, storage at
4°C before storage at pH 3.0, storage at room
temperature and expose at pH 2.0, and storage
at 4°C before storage at pH 2.0. (M) PSU20.
(®) PSU24, (A) PSU8B3, (@) PSU109, (A) PSU172
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strain PSU20 demonstrated a relatively strong
toleration to simulated gastric juice, at pH 3.0 with
the bacterial survival populations of 4.40 log
CFU/ml after 1 h of incubation (figure 2). This may
pose the health risk to the humans with its
ability to break through an important innate
immunity because PSU20 is a Staphylococcal
enterotoxin-producing MRSA.

Survival of MRSA and MCSA in bile salt

Bile salts are antibacterial compounds that
play the important roles in disruption of several
bacterial components, e.g., destroying bacterial
cytoplasmic membrane, denaturing proteins,
and causing oxidative damage to bacterial DNA".
Therefore, we assessed the degree of bile
tolerance in MRSA and MCSA in this current study.
At 0% bile salt, the well-growth of all strains was

Mois2
M0
&0
O pr20
50
“5 40
3
g, 30
o
— 20
10
00 * * % * % * *
PSU20 PSU24 PSUS3 PSU10S PSU1T2
Bacterial strain

Figure 2 Survival of 4 MRSA strains and a MCSA
in the simulated gastric juice (0.3% pepsin), pH
2.0 and pH 3.0 for 1 h of incubation at 37°C.
Simulated gastric system (0.3% pepsin), pH 6.2
was used as a control. Asterisk (*) represents the
lack of bacterial survivors
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observed at 90 min of incubation (fisure 3). However,
at 0.1% bile salt, PSU172 gradually decreased and
exhibited its final bacterial population at 90 min of
2.68 log CFU/ml (Table 3). In addition, this PSU172 was
undetectable at 60 min in 0.3% and 0.5% bile salt
conditions. Clinical MRSA strain PSU20 was considered
unaffected by bile salt throughout the experiment.
This suggests that clinical MRSA strains PSU20 from
a patient is possible to survive human intestine.

0% bile salt 0.3% bile salt
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Figure 3  Survival of 4 MRSA strains and a MCSA
in TSB supplemented with various concentration
of bile salts (0.1%, 0.3%, and 0.5%). (M) PSU20.
(@) PSU24, (A) PSU8B3, (@) PSU109, (A) PSU172

Discussion

In this current study, it was found that the
bacteria that were exposed to low temperature were
tougher in acid toleration than unexposed. There
were some reasons that have previously been
described. Anderson et al' investigated the induction
of cold shock responses in S. aureus strain UAMS-1.
It was grown at 37°C to the mid-log phase before
incubated at 10°C for 30 min. It was shown that
46 genes were upregulated. Moreover, genes involved
with anti-programmed cell death, irgA, irgB and
several virulence genes were also induced. Cold
shock gene, cspB (csp stands for cold shock protein)
was induced 9.3 folds compared to the uninduced
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condition. Also, cspA was upregulated for 2 folds.
This cspA was found to share the homology with
other bacterial species and was shown to act as RNA
chaperones to prevent RNA secondary structures,
allowing the RNA to smoothly perform its biological roles
in the bacterial cells"”. Raju et al** also demonstrated
that a stepwise adaptation of methicillin-susceptible
S. aureus to oxacillin produced the greater resistance
to lactic acid and citric acid, facilitating the survival of
bacteria in gastric juice. It was thought that in the
person who received antimicrobial agent whose
mechanism of action was similar to or involved with
oxacillin for treatment of infections (e.g. dicloxacillin),
may be at higher risk in infection through consumption
of acidic food contaminating MRSA or MCSA strains.
Although the favorable pH required for the
growth of S. aureus was reported to be the range of
4.5-9.3", MRSA and MCSA strains in this present study
were shown to be much higher tolerated to acidic pH
and these bacterial species were also found in GP in
high rates’. This result infers that MRSA and MCSA are
able to retain their high number for at least 6 h at pH
4.0 (general pH level in GP) and can survive until they
reach the human gastrointestinal tract. The acid
toleration of S. aureus is not frequently reported. Most
of S. aureus strains were reported to be suppressed in
acidic condition. Abu-Ghaza et al'® showed that 0.03%
citric acid significantly inhibited clinical S. aureus growth.
In addition, in one studly, citric acid was shown to act
as an effective permeabilizer killing Vancomycin
Intermediate S. aureus (VISA) and MRSA isolated from
orthopedics surgical site of infection'’. Furthermore,
('* demonstrated the
employment of 3% citric acid gel in the treatment of

one report from Nagoba et a

diabetic foot ulcers with S. aureus infections and this
concentration of citric acid was effective in control of
foot infection with the success rate more than 94%
for Wagner grade | and Il ulceration. These studies
suggest that clinical S. aureus is sensitive to citric
acid, which was opposite to our study that showed
that a clinical MRSA was resistant to citric acid.
Collectively, the finding that MRSA and MCSA in this
current study tolerates to acidic condition results in
the conclusion that GP can also be a potential
vehicle of food-borne MRSA infections.
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Lactic acid bacteria with the potential to be the
probiotic bacteria can tolerate gastric juice in high rate™
but for other group of bacteria it seems to possess the
less ability in such a stringent condition. In Gram-
negative bacteria, Zhu et al*’ demonstrated that the
clinical £. coli strain 690 and Helicobacter pylori strain
E5 were more susceptible to acidic condition with
1 mg Pepsin more than the control (without Pepsin).
The toleration of simulated gastric juice of PSU20 in
this experiment was thought to be crucial because it
has high possibility to make an establishment of
infection to the intestine. Furthermore, this PSU20
contains Staphylococcal enterotoxin G and
Staphylococcal enterotoxin | genes (table 1), which is
able to cause Staphylococcus food poisoning. These
enterotoxins are found to be heat stable and resisted
from proteolytic enzyme destruction such as pepsin,
trypsin and also can keep their toxic activity”".

Bile salt is secreted from the liver and acts as
an innate defense mechanism of intestine®. Although
S. aureus, a Gram-positive bacterium, is thought to
be sensitive to bile salt, its resistant phenotype can
be frequently observed. Recently, the work from
Sannasiddappa et al”” has uncovered the underlying
mechanism by which S. aureus was able to tolerate
to bile salts. The mnhF gene is found to confer such
a tolerance by coding MnhF protein, a Na'/H"
antiporter subunit F1 responsible for sodium ion and
proton ion secretions as well as bile salt efflux. The
mnhF gene is in @ mnhABCDEFG operon but only
mnhF alone was shown to be enough to confer bile
salt tolerance. We accessed the data in the National
Center for Biotechnology Information (NCBI) and used
the mnhF nucleotide sequence (294 nucleotides) for
searching and found that mnhF gene was present in
a wide variety of S. aureus and MRSA strains, for
instance, MRSA strain DAR4145, MRSA USA300 (data
not shown). These sequences exhibited 100%
identity. Thus, it has a possibility that mnhF may
equipped in MRSA strains in this present study and
play a role in bile salt tolerance.

Conclusion
Although previous reports have frequently
described the susceptibility of S. aureus including
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MRSA to organic acids including citric acid, MRSA
and MCSA in this current study exhibited certain
degrees of acid tolerance. More importantly, a
clinical MRSA strain PSU20 from hospital could also
survive in gastrointestinal system in high numbers.
The MRSA equipped with Staphylococcal enterotoxins
and other virulence factors including antimicrobial
resistance, can lead to severe illnesses and can
prolong the hospital stay. Thus, this study demonstrates
the existence of a pathogenic MRSA strains that has
potential to transfer from hospital to human through
foods. This is crucial to the public health standpoint.
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Abstract

Objective: The purpose of the study was to investigate the efficacy and safety of spironolactone
to prevent vascular calcification among peritoneal dialysis patients.

Methods: This study was a randomised, double-blinded placebo-controlled trial conducted
from August 2018 to December 2020 at Vajira Hospital, Thailand. We randomly assigned
peritoneal dialysis patients to receive either 25 mg of spironolactone daily or a placebo
for 6 months. Coronary artery calcium scores and laboratory tests were performed and
compared at baseline, and 6 months thereafter.

Results: Among the 40 patients initially randomised, 34 patients completed the study (17 patients
in the spironolactone group and 17 patients in the placebo group). There was no
difference in baseline characteristics or laboratory results between both groups.
The spironolactone group showed a significant reduction in CACs at 6 months (169.97 AU
[IOR 2.34 - 1146.29] to 92.29 AU [IOR 4.83 - 851.1], p=0.05). Compared to placebo,
spironolactone had a lower percentage change in CACs (0% [IQR -47.1-14.7] vs 6.06%
[IOR -1.9-40.8], p=0.07. However, the change in the absolute progression of CACs was
not different (0 AU [IQR -30.5-58.3] in the spironolactone group vs 6.14 AU [IQR -13.9-331.2]
in the placebo group). Spironolactone also showed significantly lower serum phosphorus
and osteocalcin (3.8 + 1.3 mg/dL vs 4.8 + 1.1 mg/dL and 69.0 ng/mL [IQOR 41.9-151.5] vs
178.0 ng/mL [IQR 86.8-269.5], p=0.02 and 0.014, respectively). No hyperkalaemia or
hypotension was found in either group.

Conclusion: Among peritoneal dialysis patients, spironolactone showed a potential benefit to
prevent the progression of vascular calcification. Further studies with a larger population
and long-term follow-up should be conducted.
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Introduction

Cardiovascular disease is the leading cause of
death in patients with chronic kidney disease,
including dialysis patients, both haemodialysis and
peritoneal dialysis. Several studies have shown
a strong relationship between vascular calcification,
cardiovascular events and all-cause mortality.
Based on clinical practice guideline updates for the
diagnosis, evaluation, prevention, and treatment of
CKD-MBD', it has been suggested that computed
tomography-based imaging such as coronary artery
calcium score (CACs) can be used to detect the
presence or absence of vascular calcification. Many
studies have confirmed that high scores for CACs
are associated with major adverse cardiac events
(MACE), coronary artery disease, and mortality””.

The pathophysiology of vascular calcification
is multifactorial and involves an increase in
promotors as well as a decrease in the inhibitors
of calcifications®. Recently, mineralocorticoid
receptors were found in vascular smooth muscle
cells (VSMQ), leading to the hypothesis that
hyperaldosteronism may be the cause of vascular
calcification. Hyperaldosteronism stimulated
mineralocorticoid receptors and triggered osteo-
chondrogenic signalling by upregulation of PIT1
expression leading to vascular calcification’.
Therefore, we hypothesized that spironolactone,
which enables mineralocorticoid blockage, can
reverse this mechanism and prevent vascular
calcification.

The effect of spironolactone for the treatment
of vascular calcification was found in klotho-
depleted mice®’. Treatment with spironolactone
showed a decrease in vascular calcification without
a change of calcitriol, FGF-23, serum calcium, and
serum phosphate. Matsumoto and colleagues
showed that 25 mg/day of spironolactone could
reduce morbidity and mortality in haemodialysis
patients. However, its use increases the risk of
hyperkalaemia, which led to the discontinuation of
the study®. Moreover, spironolactone showed
potential benefits in peritoneal dialysis patients.
Yasuhikoand colleagues showed that spironolactone
could improve the left ventricular mass index and
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the left ventricular ejection fraction as well as preserve
renal function’. A study in Thailand by Yongsiri and
colleagues showed spironolactone may be used in
the treatment of hypokalemia™. None of these
studies revealed any serious adverse events.

Since there was no study concerning the
administration of spironolactone to prevent
vascular calcification in peritoneal dialysis patients,
our study was conducted to evaluate this question.

Methods

The study was a prospective randomised
double-blinded placebo-controlled trial carried out
at Vajira Hospital, Thailand from August 2018 to
December 2020. The trial was retrospectively
registered at the Thai Clinical Trials Registry
(TCTR20221207001) and was approved by the
Vajira Institutional Review Board (IRB No. 035/62).
The study was conducted in accordance with the
Declaration of Helsinki and relevant regulations.
The investigators informed patients or their surrogates
orally concerning the study, and written informed
consent was given before entry into the study.

For inclusion criteria, patients were eligible if
they were aged between 18-80 years and had end-
stage renal disease receiving peritoneal dialysis.
Patients were excluded if they had received
spironolactone within the previous 3 months, (2)
persistent hyperkalaemia (defined as average
serum potassium >5.5 mEg/L within 3 months), (3)
persistent hypotension (defined as systolic blood
pressure <90 mmHg and diastolic blood pressure
<60 mmHg without other antihypertensive drugs),
(4) persistent hyperphosphatemia (defined as
average serum phosphate >5.5 mg/dL within 3
months), (5) hyperparathyroidism (defined as serum
intact PTH >585 pg/mL), (6) dialysis vintage >10
years, (7) life expectancy <1 year due to active
malignancy, infection or other diseases, (8)
pregnancy or lactation female and (9) post kidney
transplant or kidney transplant candidate within
the last year.

Hyperkalaemia and hypotension were the
most common side effects of spironolactone.
Therefore, we defined withdrawal criteria as
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persistent hyperkalaemia, defined as serum
potassium > 5.5 mEg/L for 2 consecutive times,
and hypotension, defined as SBP < 90 mmHg and
DBP < 60 mmHg for 2 consecutive times without
other antihypertensive drugs. Other adverse events
that were or were not considered related to the
study drugs were monitored in this study.

Eligible participants were randomised by
using a computer-generated block of four to
receive either spironolactone 25 mg daily, which
was derived from a previous study®'’, or a placebo
for 6 months. Laboratory protocols including serum
calcium, phosphorus, intact PTH, alkaline
phosphatase, vitamin D levels, and osteocalcin
were collected at baseline, 3 months and 6 months.
The coronary artery calcium score (CACs) and
lateral abdominal radiography were performed at
baseline and 6 months thereafter. The CACs were
the summation of an area of foci calcification
(a calcium threshold of > 130 Hounsfield units) and
calculated using the Agatston method. The lateral
abdominal X-ray was interpreted using a validated
grading system''"?, of which the extent of
calcification was graded on a per-segment basis
using the L1-L4 vertebra segments. Per segment,
a score between 0 and 3 was given for both
the anterior and posterior walls of the aorta.
We used scores of at least > 1 to count as vascular
calcification. All imaging was read by a single
experienced radiologist who was blinded to
the study.

All participants were able to receive standard
medications such as phosphate binders, vitamin D,
erythropoietin and antihypertensive drugs, except
spironolactone. However, the participants were
asked to avoid over-the-counter drugs and have no
adjustment of active vitamin D medication that
might interfere with the outcomes.

The primary outcome was the progression of
the coronary artery calcium score, consisting of
absolute progression, relative progression, and
significant progression of CACs. Absolute progression
was defined as the difference between the initial
and last scores. Relative progression was defined as
the ratio between the absolute progression and the
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initial scores multiplied by 100. The relative
progression > 15% was considered a significant
progression™ ™,

The secondary outcomes were the effect of
spironolactone on the biomarker of mineral-bone
disorder, including serum calcium, phosphorus,
intact parathyroid hormone (iPTH), alkaline
phosphatase (ALP), and osteocalcin, on the effect
of spironolactone to vascular calcification in
lateral abdominal radiography, on the effect of
spironolactone to peritoneal dialysis parameters,
and adverse events of spironolactone for long-term
use in peritoneal dialysis patients.

Since there was no previous study, we
calculated the sample size with a of 0.05 and B of
0.2. The sample size of this study required 30
patients in each group, assumed as a drop-out rate
of 10%.

The results were expressed as mean + standard
deviation for continuous normally distributed
variables, median, and percentage for categorical
variables. Differences in normally distributed
variables were evaluated by Student’s T-test, non-
normal distributed by the Mann-Whitney test, and
categorical variables by the Chi-square test.
Statistical analysis was performed using SPSS
for Windows version 22.0 with p <0.05 considered
statistically significant.

Results

From August 2018 to December 2020, a total
of 65 patients were assessed for eligibility. A total
of 25 patients were excluded, while 40 patients
were randomised to receive either the intervention
group or the placebo group (figure 1). Three
patients in the spironolactone group were
withdrawn due to death (2 patients: peritonitis
infection and pneumonia with septic shock) and
loss of follow-up (1 patient). Three patients in the
placebo group were withdrawn due to death
(1 patient: intracerebral haemorrhage) and loss of
follow-up (2 patients). No follow-up data were
available for these patients. In summary, 17 patients
in the spironolactone group and 17 patients in the
placebo group completed the study.

Spironolactone to Prevent the Progression of Vascular Calcification among Peritoneal Dialysis Patients: A Pilot Randomised Controlled Trial (SV-CAPD trial)
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\ 4 A 4

4 A 4 A
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v v (n=2)
Complete treatment Complete treatment
(n=17) (n=17)
Figure 1  Participants

The baseline characteristics and laboratory
data are shown in Table 1. The mean age of
patients was 46 + 15.9 years in the spironolactone
group and 54.7 + 11.9 years in the placebo group,
with 64.7% being male. The leading cause of
ESRD was diabetic nephropathy. There was a
similarity in the medications used for both groups
except for the diuretics used, which was higher in

the spironolactone group (p=0.037). The baseline
laboratory parameters were similar between
both groups (table 1). Most of the patients were
on continuous ambulatory peritoneal dialysis
(CAPD) modality; the dialysis vintage was higher
in the placebo group, while residual renal
function was higher in the spironolactone group
(table 2).

Table 1  Baseline Characteristics

Characteristics Spironolactone Placebo
Age, mean + SD, y 46.0 + 15.9 547 +11.9
Sex (Male), n (%) 11 (64.7) 11 (64.7)
Height, mean + SD, cm 162.5+9.1 163.7 + 9.5

Body weight, median (IQR), kg
BMI, median (IQR), kg/m”
Underlying disease, n (%)

61.0 (53.9-68.5)
23.4 (20.7-26.4)

59.0 (52.7-77.6)
22.5(21.5-28.1)

Hypertension 15(88.2) 16 (94.1)
Diabetes mellitus 11 (64.7) 12 (70.6)
Coronary artery disease 6 (35.3) 3(17.6)

Spironolactone to Prevent the Progression of Vascular Calcification among Peritoneal Dialysis Patients: A Pilot Randomised Controlled Trial (SV-CAPD trial)
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Table 1  Baseline Characteristics (continued)

Characteristics Spironolactone Placebo
Cause of ESRD, n (%)

Diabetic nephropathy 9(52.9) 10 (58.8)
Hypertensive nephropathy 4 (23.5) 4 (23.5)

SBP, mean + SD, mmHg 136.2 + 24.1 147.8 = 17.0
DBP, mean + SD, mmHg 79.7+16.2 78.1 £ 10.8
Pulse rate, mean + SD, bpm 829 + 128 77.1 +15.6
Medication, n (%)

ACEi or ARB 6 (35.3) 11 (64.7)

CCB 15 (88.2) 15 (88.2)
Diuretics 13 (76.5) 7(41.2)
Calcium based phosphate binder 11 (64.7) 12 (70.6)
Non-Calcium based phosphate binder 1(5.9) 2(11.8)
Active vitamin D 1(5.9) 6 (35.3)
Laboratory

Hb, mean =+ SD, ¢/dL 10.7 + 1.7 10.2 + 1.1
BUN, mean + SD, mg/dL 53.4 +17.3 50.5 + 229
Creatinine, mean + SD, mg/dL 9.17+ 4.80 9.38+3.92
Potassium, mean + SD, mEg/L 3.7 +0.6 39 +0.6
Bicarbonate, mean + SD, mEg/L 297 £ 2.6 28.8 + 3.1
Calcium, mean + SD, mg/dL 83+09 81+1.0
Phosphate, mean + SD, meg/dL 43+ 1.0 3.9+ 0.8
Albumin, mean + SD, mg/dL 29+ 05 27 +0.6
iPTH, mean + SD, pg/dL 274.9 + 142.5 2959 + 125.1
Vitamin D level, mean + SD, ng/mL 14.8 + 10.9 170+ 11.4
Osteocalcin, mean + SD, ng/mL 148.4 + 123.2 225.8 + 155.8
ALP, mean =+ SD, U/L 68.7 + 33.9 117.7 + 60.11

Data are presented as n (%), mean + SD, or median (interquartile range).

Abbreviations: ACEi, angiotensin converting enzyme inhibitor; ALP, alkaline phosphatase; ARB, angiotensin receptor blocker; BMI,
Body mass index; CCB, calcium channel blocker; DBP, diastolic blood pressure; Hb, haemoglobin; iPTH, intact parathyroid
hormone; SBP, systolic blood pressure
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Table 2  Baseline Peritoneal dialysis data

Peritoneal dialysis data

Mode of peritoneal dialysis, n (%)

CAPD 16 (94.1)
APD 1(5.9)
Dialysis vintage, n (%), y

<1 10 (58.8)
1-5 7 (41.2)
>5 0 (0.0)

Net ultrafiltration volume (mL)

Residual renal function, n (%), mL

<100 2 (11.8)
100-500 7 (41.2)
>500 8(47.1)
Peritoneal equilibrium test, n (%)

High 4 (23.5)
High-average 9 (52.9)
Low-average 4(23.5)
Dialysis adequacy (= 1.7) , n (%) 12 (70.6)

Data are presented as n (%) or median (interquartile range).

Spironolactone

600 (350-900)

Vajira Medical Journal: Journal of Urban Medicine
Vol. 66 No. 6 November - December 2022

Placebo p-value
0.60
14 (82.4)
3(17.6)
0.11
6 (35.3)
7(41.2)
4(23.5)
800 (275-800) 0.85
0.035
9 (52.9)
2(11.8)
6 (35.3)
0.47
7(41.2)
6 (35.3)
4 (23.5)
14 (82.4) 0.69

p-value: comparison baseline value between spironolactone group and control group; Mann-Whitney U test, Chi-square test and

Fisher’s exact test

The median coronary artery calcium scores
(CACs) in the spironolactone group decreased
statistically from 169.97 AU (IOR 2.34 - 1146.29) to
92.29 AU (IQR 4.83 - 851.1), p=0.05. In contrast, the
CACs in the placebo group decreased from 424.96
AU (IQR 59.68 - 1346.34) to 450.73 AU (IQR 64.44 -
1716.17), p=0.96. The median absolute progression
was lower in the spironolactone group compared
to the control group, 0.00 AU (IQR -30.47 - 58.29) vs
6.14 AU (IQR -13.89 - 331.23), p=0.14. The median
relative progression of CACs was also lower in the
spironolactone group, 0% (IQR -47.15 - 14.69) vs
6.06% (IQR -1.87 - 40.83), p=0.07. Significant CACs
progression in patients (progression of CACs more
than 15%) was higher in the placebo group,
but there was no statistical significance.
The subgroup analysis based on the severity of

Spironolactone to Prevent the Progression of Vascular Calcification among Peritoneal Dialysis Patients: A Pilot Randomised Controlled Trial (SV-CAPD trial)

CACs demonstrated no significant difference in
either subgroup (table 3).

The spironolactone group had a significant
decrease in mean serum iPTH (from 274.9 + 1425
pe/ml to 227.9 + 123.1 pg/ml, p-value 0.045).
The placebo group showed a significant increase in
mean serum phosphate (from 3.9 + 0.8 mg/dL to
4.83 + 1.1 mg/dL, p-value 0.019). The changes
in other biochemical markers of mineral-bone
disorder such as mean serum calcium, mean serum
vitamin D, mean serum osteocalcin and mean
serum alkaline phosphatase revealed no significant
differences within the group. However, there were
significant differences in mean serum phosphate
and mean serum osteocalcin between the
spironolactone group and the placebo group
(p-values of 0.02 and 0.014, consecutively) (table 4).
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Table 3

Spironolactone

Coronary artery calcium scores (CACs)
Baseline, median (IQR), AU

Final, median (IQR), AU

p-value® 0.05

Absolute progression, median (IQR), AU

Relative progression, median (IQR), % 0 (-47.15 -
Progression > 15 %, n (%) 4 (23.5)
Subgroup analysis

CACS 0-100 (n=12)

Relative progression, median (IQR), % 0 (-58.87 -
Progression > 15 %, n (%) 2 (25.0)

CACS 101-399 (n=6)

Relative progression, median (IQR), %
Progression > 15 9%, n (%) 0 (0.0)
CACS 2400 (n=16)

Relative progression, median (IQR), %

2(28.6)

Data are presented as median (interquartile range) and n (%).

Progression > 15 %, n (%)

169.97 (2.34 - 1146.29)
92.29 (4.83 - 851.1)

0.00 (-30.47 - 58.29)

-23.92 (-45.7 - -2.14)

8.74 (-48.61 - 17.15)

Progression of coronary artery calcium scores

Placebo p-value®
424.96 (59.68 - 1346.34) 0.51
450.73 (64.44 - 1716.17) 0.22
0.96
6.14 (-13.89 - 331.23) 0.14
14.69) 6.06 (-1.87 - 40.83) 0.07
7(41.2) 0.27
23.29) 0 (0 - 100) 0.32
1(25.0) 1.00
-2.28 (-11.83 - 28.49) 0.36
1 (25.0) 1.00
27.41 (1.16 - 40.83) 0.13
5 (55.6) 0.36

p-value® : comparison within group by Wilcoxon signed-rank test, p-value®: comparison between spironolactone group and

control group by Mann-Whitney U test
CACs, coronary artery calcium score

As shown in Table 4, the spironolactone
group was significantly decreased in terms of
vascular calcification compared to the placebo
group (p-value 0.031).

There was no difference in residual renal
function or net ultrafiltration volume between
both groups. The number of patients who had a
reduction in residual renal function showed no
significant difference between groups, with no
patients in the spironolactone group and one
patient in the placebo group (p-value 0.27). There
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was no significant difference in the mean net
ultrafiltration volume between groups (800 ml in
the spironolactone group and 800 mlin the placebo
group, p-value 0.48).

No hyperkalaemia or hypotension was found
in this study. The spironolactone group had 2
patients who died from infected peritonitis and
pneumonia with septic shock. Meanwhile, the
placebo group had a patient who died from
intracerebral haemorrhage. The other adverse
events are reported in Table 5.

Spironolactone to Prevent the Progression of Vascular Calcification among Peritoneal Dialysis Patients: A Pilot Randomised Controlled Trial (SV-CAPD trial)



Table 4

Hb, ¢/dL

BUN, mg/dL
Creatinine, mg/dL
Potassium, mEg/L
Bicarbonate, mEg/L
Calcium, meg/dL
Phosphate, mg/dL
Albumin, me/dL
iPTH, pg/dL

Vitamin D level, ng/mL
Osteocalcin, ng/mL

ALP, U/L

Lateral abdominal radiography

No calcification

Calcification

Spironolactone

Baseline
10.7 + 1.7
534 +17.3
92+48

3.7 +0.6
29.7 + 2.6
8.3+ 09
43+1.0

29 +0.5
274.9 + 1425
12.1 (6.9-18.2)

119.0
(47.1-195.5)

68.7 + 33.9

11 (64.7)
6 (35.3)
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Change in biochemical parameters

Final

10.1 + 2.1
47.8 + 18.1
93+52
3.7+04
30.0+23
79+ 0.7
38+13

28 £ 0.6
227.9 + 123.0°
17.7 (11.0-29.9)

69.0
(41.9-151.5)

86.1 + 38.5

14 (82.4)
3(17.6)

Data are presented as n (%), mean + SD, or median (interquartile range).
p-value® comparison within group by Paired sample t-test, Wilcoxon signed-rank test, and McNemar's test.

p-value® comparison final value between spironolactone group and control group; Mann-Whitney U test, and Chi-square test.

Placebo
Baseline
10.2 + 1.1
50.5 +22.9
9.4 +39
39+ 0.6
28.8 + 3.1
8.1+10
39+08
27+ 0.6
2959 + 125.1
11.8 (8.9-25.5)

216.0
(94.5-282.0)

117.7 £ 60.1

7(41.2)
10 (58.8)

Abbreviations: Hb, haemoglobin; BUN, blood urea nitrogen; iPTH, intact parathyroid hormone

Table 5

Minor adverse event
Nausea and vomiting
Gynecomastia
Common cold
Hyperkalaemia

Hypotension

Serious adverse event

Infected peritonitis
Volume overload
Pneumonia

Sepsis

Seizure

Intracerebral haemorrhage

Death

Data were presented as n (%)

Adverse events

Spironolactone

4 (20%)

Final

105+ 1.2
52.1 + 22.8
99 +40

3.7 +0.6
283 + 2.6
79+09
48+ 1.1°
27+04
299.0 + 228.4
20.6 (13.2-25.6)

178.0
(86.8-269.5)

106.0 + 59.8

8(47.1)
9(52.9)

Placebo

3(15%)
2(10%)
0
1(5%)
0(0%)
0(0%)

1(5%)
2(10%)
0
1(5%)
0
1(5%)
1(5%)

p-value®

0.40
0.55
0.72
0.89
0.05
0.95
0.02
0.79
0.27
0.62

0.014

0.26
0.031
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Discussion

SV-CAPD was the first pilot randomised
double-blind placebo-controlled trial to
demonstrate the efficacy of spironolactone to
prevent the progression of vascular calcification in
peritoneal dialysis patients. Despite the impressive
results of spironolactone in klotho-depleted
mice, our study showed 25 mg of spironolactone
daily had no statistical significance in decreasing
the progression of CACs compared to placebo.
The absolute progression and relative progression
of CACs were lower in the spironolactone group,
but there was no statistical significance.

The administration of spironolactone to
prevent vascular calcification using CACs was
first demonstrated by Gueiros and colleagues
in Brazil"”. The result was comparable to our study
in that spironolactone tended to prevent the
progression of CACs. However, that study had
some limitations such as small sample size and
limitations of the blind. Our study utilised a larger
sample size with 40 patients enrolled, and
34 patients who completed the study. Interestingly,
our study showed a significant decrease in CACs
in the spironolactone group (169.97 AU [IQR 2.34 -
1146.29] to 92.29 AU [4.83 - 851.1], p=0.05)
compared to the placebo group, which was no
improvement in CACs (424.96 AU [IQR 59.68 -
1346.34] to 450.73 AU {[IQR 4.44 - 1716.17], p=0.96).
When comparing the relative progression of CACs,
however, which was the more accurate result
for interpretations of the progression of CACs,
the efficacy of spironolactone was better but
showed no statistical significance (0 AU [IQR -47.15
- 14.69] vs 6.06 AU [IQR -1.87 - 40.83], p=0.07.
The result was the same with the absolute
progression of CACs (table 3).

The mechanism of spironolactone to prevent
vascular calcification was the inhibition of the
mineralocorticoid receptors on vascular smooth
muscle cells (VSMC). In our study, spironolactone
had a significant improvement in serum osteocalcin
levels. Since serum osteocalcin was a marker of
bone formation, spironolactone may prevent
the progression of vascular calcification as a result
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of this mechanism'®'". However, one of the

potential causes of improvement in CACs in
the spironolactone group may be from the
enhanced control of serum phosphate. In our
study, the mean serum phosphate at the end of
the study was decreased in the spironolactone
group compared to the placebo group. In contrast
to previous studies'®, spironolactone did not affect
serum phosphate. Thus, the spironolactone group
might have better dietary phosphate control than
the placebo group, or there was an unknown
mechanism of spironolactone to decrease serum
phosphate.

In this pilot study, we did not demonstrate
the other potential benefits of spironolactone in
peritoneal dialysis, such as cardiovascular
outcomes, improvement of hypokalaemia,
or prevention of the progression of peritoneal
fibrosis. However, our study showed the safety
of spironolactone for long-term use. In contrast
to haemodialysis patientsg, the adverse effects of
spironolactone, such as hyperkalaemia and
hypotension, were not found in our study. Other
adverse events were not significantly different
in either group (2 deaths in the spironolactone
group and 1 death in the placebo group). Therefore,
our study assured that spironolactone 25 mg per
day should be noted to be safe for long-term use
in peritoneal dialysis patients.

Our study had several strengths. Firstly,
our study was the first randomised double-
blinded placebo-controlled trial to demonstrate
the effect of spironolactone in preventing
the progression of vascular calcification. Secondly,
spironolactone is cost-effective, so it can be
widely used in both well-resourced and limited-
resourced facilities to prevent vascular calcification
in peritoneal dialysis patients. Moreover, our
study also showed the safety of spironolactone
for long-term use in peritoneal dialysis patients.

Our study also had several limitations. Firstly,
it used a low number of patients. We calculated a
sample size of 60 patients, but only 40 patients
undertook the study. Secondly, short follow-up
periods were used. Previous trials had suggested a

Spironolactone to Prevent the Progression of Vascular Calcification among Peritoneal Dialysis Patients: A Pilot Randomised Controlled Trial (SV-CAPD trial)



follow-up period for the CACs of 12 to 24 months.
However, some studies” showed the benefit of
spironolactone to decrease left ventricular
hypertrophy during a 6-month follow-up period. As
a pilot study, we showed the effect of spironolactone
to potentially prevent vascular calcification with
6-month follow-up periods. A longer follow-up
period could show significant effects. Thirdly,
the CACs in the spironolactone group were
lower than in other previous cohort studies”. In our
study, the CACs in the spironolactone group were
169.97 AU (IQR 2.34 - 1146.29), while the previous
cohort study was 492 AU (IQR 92-1139). Finally, the
dosage of spironolactone was fixed at 25 meg/day.
Therefore, increasing the dose might improve the
outcomes.

Conclusion

Spironolactone tends to prevent the
progression of the coronary artery calcium score.
A large population and a longer follow-up period
are needed to confirm this hypothesis. Since there
was no hyperkalaemia or hypotension in our study,
the dose of spironolactone could be increased to
attenuate the effects.
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Abstract
Objective: To determine clinical presentations related to pulmonary tuberculosis in children.

Methods: A retrospective descriptive study was conducted in children less than 15 years old
who were diagnosed with pulmonary tuberculosis at the Department of Pediatrics, Faculty
of Medicine Vajira Hospital between January 1%, 2009 - January 1%, 2021. The quantitative data
were analyzed into mean and standard deviation and compared between groups by
unpaired t-test. The qualitative data were reported by percentage and compares between
groups by Chi-square test.

Results: A total of 96 patients were included. The average age was 10.3 + 4.6 years (6 months
to 15 years old); 36.5% of patients were male and 63.5% were female, while 84.4% of
the patients presented with 2 or more clinical features. Signs and symptoms described
in the Thai CPG for Tuberculosis in Children 2019 that were found in this study were
cough > 2 weeks (58.3%), fever > 7 days (57.3%), anorexia (42.7%), weight loss (25.0%),
inactivity (8.3%), and poor weight gain (1%). Signs and symptoms not included in the Thai
CPG for Tuberculosis in Children 2019 were afebrile (34.4%), cough < 2 weeks (28.1%),
fatigue (28.1%), hemoptysis (19.8%), night sweat (15.6%), no cough (13.5%), dyspnea
(12.5%), chest pain (9.4%), tachypnea (9.4%), fever < 7 days (8.3%), lymphadenopathy
(8.3%), chronic vomiting and diarrhea (1%), and asymptomatic (2.1%). Ninety-two patients
(95.8%) always had at least 1 clinical feature that was described in the Thai Tuberculosis
CPG 2019. However, 4 patients (4.2%) in this study only presented with clinical features
not included in the Thai Tuberculosis CPG 2019, including 1 patient who presented with
only chest pain, 1 patient who presented with only hemoptysis, and 2 asymptomatic
patients.

Conclusion: Most of the pediatric patients with pulmonary tuberculosis presented with 2 or
more clinical features and almost always had at least 1 symptom that was described in
the Thai Tuberculosis CPG 2019.

Keywords: childhood, pulmonary tuberculosis, clinical manifestations
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Introduction

Thailand is one of the 22 high-burden
tuberculosis countries on the WHO’s list'. The
estimated number of incidences is around
120,000 cases per yearz, but the incident reports
for childhood tuberculosis in Thailand are
markedly lower than in other countries’. Identifying
and treating TB infections in children provides
long-term benefits in TB control. However,
diagnosis of TB in children is a difficult task
because of its unspecific signs and symptoms’ and
radiological findings®. Moreover, microbiological
confirmations are hard to obtain because younger
patients are unlikely to expectorate sputum as
effectively as adults”.

The Thai Clinical Practice Guideline of
Treatment for Tuberculosis in Children 2019° was
established to help diagnose tuberculosis in
children based on clinical features (fever more
than 7 days, cough more than 2 weeks, weight
loss, poor weight gain, inactivity, and anorexia)
along with contact exposures and/or tuberculin
skin test and radiographic findings.

Previous studies showed that weight loss®”,
chronic cough™, and fatigue™ were significantly
associated with pulmonary tuberculosis in
children whereas persistent fever and/or chest
pain were found in 25% of the patients®. However,
some of patients diagnosed with pulmonary
tuberculosis presented with fever of less than 7
days”™® and cough less than 14 days'. Devrim |
found that 13% of children diagnosed with
pulmonary tuberculosis presented without fever,
cough, malaise, and weight loss at the same time"".
In addition, 2-44.6% of patients were reported to have
other symptoms such as dyspnea™"?, night sweat'’,
hemoptysis'“ ™, diarrhea’, vomiting’, hepatomegaly’,
and lymphadenopathy’, or were asymptomatic’.

The diagnosis of pulmonary tuberculosis in
children is a major challenge due to various clinical
features. This study aimed to determine the typical
signs and symptoms of pulmonary tuberculosis
according to the Thai CPG of Treatment for
Tuberculosis in Children 2019, as well as signs
and symptoms that are not included in the CPG.

Vajira Medical Journal: Journal of Urban Medicine
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This information may provide benefits for clinicians
to recognize typical and atypical signs and
symptoms of pulmonary tuberculosis, which may
improve screening and treatment for pulmonary TB.

Methods

This is a retrospective descriptive study.
The study protocol was reviewed and approved
by the Ethics Committee for Research in Humans,
Institutional Review Board (COA 059/2563).
The inclusion criteria were patients younger
than 15 years old at the Department of
Pediatrics, Faculty of Medicine Vajira Hospital,
Navamindradhiraj University who were diagnosed
with pulmonary tuberculosis from January 1%,
2009 - January 1%, 2021. The exclusion criteria
were patients with latent tuberculosis infection,
congenital tuberculosis, extrapulmonary
tuberculosis, immunocompromised host or
receiving immunosuppressive agents, and
incomplete medical record.

Criteria for the diagnosis of pulmonary
tuberculosis were defined according to the Thai
Clinical Practice Guideline of the Treatment of
Tuberculosis in Children 2019 that considers
3 elements of the following for diagnosis:
1) Signs and symptoms compatible with tuberculosis:
fever > 7 days (persistent unexplained fever
> 38°C reported by a guardian or objectively
recorded at least once™), weight loss (@n unexplained
reduction of weight of more than 5% within
3 months™), poor weight gain (inability to maintain
the percentile curve of the growth chart or
a percentile drop during the period prior to TB
diagnosis’), inactive (unexplained lethargy or
decrease in activity reported by a parent or
caregiver'®), cough > 2 weeks (persistent,
non-remitting cough > 2 weeks') and anorexia;
2) Contact with a TB index case or a positive result
for tuberculin skin test (TST), and 3) Abnormal
radiographic finding such as hilar adenopathy,
Ghon’s complex, intrapulmonary calcification,
miliary infiltration, cavity, lobar or segmental
atelectasis, or pleural effusion. Pulmonary
tuberculosis was defined as one of the following:
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1) Patients who presented with all three criteria;
2) Patients who presented with signs and symptoms
and abnormal radiographic findings who did not
improve after receiving treatment for bacterial
pneumonia, and 3) Patients with military infiltration.

Statistical analysis
A sample size of 96 was estimated by the
infinite population size formula®

2

o = Zar2 z:igl p)

in which p is the prevalence of signs and
symptoms in a pediatric patient with pulmonary
tuberculosis in line with the research of Tarunotai
U.”, (p = 0.514), acceptable type | error is set at
5% (o = 0.05) and d (Error) equal to 0.1

The statistical analysis was performed
using SPSS version 22.0. The quantitative data
such as age and weight were analyzed into
means and standard deviations and compared
between groups by unpaired t-test. The qualitative
data such as the result of microbiological
confirmations, criteria for diagnosis, and clinical
manifestations were reported by percentage and
compared between groups by Chi-square test.

Results

This study collected data from pediatric
patients at Vajira Hospital who were diagnosed
with pulmonary tuberculosis from January 17,
2009 - January 1%, 2021. A total of 96 patients
were included (figure 1). Thirty-five patients
(36.5%) were male and 61 (63.5%) patients were
female, with an age ranging from 6 months to 15
years old. The average age was 10.3 + 4.6 years
and most of the children were 10 to 15 years old.
Among the cases, 8.3% had underlying diseases,
including 2 patients with asthma and one patient
each with bronchiectasis, G6PD deficiency,
congenital cystic adenomatoid malformation,
epilepsy, Down syndrome, and thalassemia
(table 1).

There were 78.2% of the patients who met
all three criteria of Thai Clinical Practice Guideline
of the Treatment of Tuberculosis in Children 2019
as shown in Table 1, with 36.5% of this group
having at least one microbiological confirmation.
There were 18.8% of the patients who met only
two criteria, including clinical features and
radiological abnormality, but because of their
positive microbiological results, the diagnosis can
be made.

Patients less than 15 years old who were diagnosed with pulmonary tuberculosis at the Department of

Pediatrics, Faculty of Medicine Vajira Hospital between January 1%, 2009 - January 1%, 2021 (n=146)

A

> Excluded
- Latent tuberculosis infection (n=31)

- Congenital tuberculosis (n=0)

Included (n=96)
- Demographic data
- Clinical manifestations

- Contact exposure/Investigation

- Extrapulmonary tuberculosis (n=9)
- Immunocompromised host or received
immunosuppressive agent (n=3)

- Incomplete medical record (n=7)

A A 4
Asymptomatic 1 symptom 2 symptoms 3 symptoms 4 symptoms
(n=2) (n=13) (n=23) (n=12) (n=46)
Figure 1  Subjects flowchart
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Table 1:

Vajira Medical Journal: Journal of Urban Medicine
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Demographic data of childhood pulmonary TB patients (n=96)

Age distribution (years)

Number (%)

<1 year 3(3.1)
1-4 years 13 (13.5)
5-9 years 17 (17.7)
10-15 years 63 (65.6)
Body weight (percentile)

<P3 4 (4.2)
P3 — P97 83 (86.4)
> P97 9(9.4)
TB contact history 59 (61.5)
TST positive 54 (81)
Microbiological examination

AFB positive 47 (51.6)
Culture for M. tuberculosis positive 14 (16.9)
PCR for M. tuberculosis positive 7 (30)
Criteria diagnosis for pulmonary TB

Clinical + TST/Contact history + Radiological finding 40 (41.7)
Clinical + TST/Contact history + Radiological finding + Microbiological confirmation 35 (36.5)
Clinical + Radiological finding + Microbiological confirmation 18 (18.8)
TST/Contact history + Radiological finding 2(2.1)
Clinical + Radiological finding 1(1.0)

There were 2 cases (2.1%) who were
asymptomatic, and met only the two criteria of
contact history and abnormal CXR findings; both
were treated with anti-TB drugs. The chest x-ray
findings improved as the treatment was completed.
There was 1 patient, a 13-year-old boy, who presented
with hemoptysis of 1 week, who had been
diagnosed with pulmonary TB only from clinical
and radiological criteria, with neither a history of
TB contact nor positive TST, and the microbiological
confirmation was also negative. The CXR showed
reticular infiltration in both upper lungs, therefore,
CT chest was performed as an additional
investigation. The findings were infiltration and
consolidation at the right upper lung and left
upper lung, with a tree-in-bud pattern, suggesting

pulmonary TB. The patient was treated with anti-
TB drugs and was successfully cured.

The outcome of the treatment revealed
that 86 (89.6%) of the children were cured, 6
(6.3%) continued treatment at other hospitals, 4
(4.2%) were lost to follow up and none died.

The most common of the signs and symptoms
in our study was cough (86.5%), followed by fever
(65.6%), anorexia (42.7%), faticue (28.1%), weight loss
(25%), and hemoptysis (19.8%) as displayed in
Table 2. There were 4 patients (4.2%) without any signs
and symptoms described in the Thai Clinical Practice
Guideline of the Treatment of Tuberculosis in Children
2019%, including one patient who presented with
only chest pain, another with only hemoptysis,
and 2 patients without any symptoms.
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Table 2

Signs and symptoms described in Thai Clinical Practice Guideline
of Treatment for Tuberculosis in Children 2019*

Cough > 2 weeks
Fever > 7 days
Anorexia

Weight loss
Inactive

Poor weight gain

Signs and symptoms not included in Thai Clinical Practice Guideline
of Treatment for Tuberculosis in Children 2019*

Afebrile

Cousgh < 2 weeks
Fatigue
Hemoptysis

Night sweat

No cough

Dyspnea
Tachypnea

Chest pain

Fever < 7 days
Lymphadenopathy
Chronic vomiting and diarrhea

Asymptomatic

Clinical manifestations of childhood pulmonary TB patients

Number (%)

8 (8.3)
1(1.0)
Number (%)

3(34.4)
7(28.1)
7(28.1)
9 (19.8)
5 (15.6)
3(13.5)
2(12.5)

*Each patient may have more than 1 of the signs and/or symptoms.

In 63 patients presenting with fever, 55 of them
(87.3%) had a fever for more than 7 days; 8 (12.7%)
had fever for fewer than 7 days, while 33 (34.4%)
patients were afebrile. Therefore 41 of 96 patients
(42.7%) had a fever for fewer than 7 days or had
no fever. Also, in 83 patients presenting with cough,
56 (64.7%) had a cough for more than 2 weeks
and 27 (32.5%) had a cough for less than 2 weeks,
while 13 (13.5%) patients did not have a cough.
Hence, 40 of 96 patients (41.6%) had a cough for
less than 2 weeks or did not have a cough at all.

Thirty patients (31.2%) were reported to
have both fever for more than 7 days and cough

Clinical Manifestations of Pulmonary Tuberculosis in Childhood

Meedee Meepolprapai Taweewong Tantracheewathorn

for more than 2 weeks, whereas 15 (15.6%) had
both fever for fewer than 7 days and cough for
less than 2 weeks. The number of patients with
either fever for more than 7 days or cough for
more than 2 weeks was 81 (84.4%).

Most of the patients (47.9%) presented with
4 or more clinical features, 13 (13.5%) presented with
1 symptom, 23 (24%) presented with 2 symptoms,
12 (12.5%) presented with 3 symptoms, and 2 (2.1%)
were asymptomatic, as shown in Table 3. The maximum
number of symptoms (8 symptoms) was found in
1 patient, including fever, cough, hemoptysis, tachypnea,
dyspnea, chest pain, fatigue, and night sweat.
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Table 3  Summary of signs and symptoms for each individual patient
Number (%)
1 symptom 13 (13.5)
Only cough > 2 weeks 8 (8.3)
Only fever > 7 days 3(3.1)
Only hemoptysis* 1(1.0)
Only chest pain* 1(1.0)
2 symptoms 23 (24.0)
Fever > 7 days and cough > 2 weeks 6 (6.3)
Cough > 2 weeks and hemoptysis* 5(5.2)
Fever > 7 days and cough < 2 weeks* 4(4.2)
Cough > 2 weeks and anorexia 4(4.2)
Cough < 2 weeks* and anorexia 2(2.1)
Cough > 2 weeks and chest pain* 1(1.0)
Fever > 7 days and fatigue* 1(1.0)
3 symptoms 12 (12.5)
Cough > 2 weeks, hemoptysis* and fatigue* 2(2.1)
Fever > 7 days, cough > 2 weeks and weight loss 2(2.1)
Fever > 7 days, weight loss and lymphadenopathy* 2(2.1)
Fever > 7 days, cough > 2 weeks and anorexia 2(2.1)
Fever > 7 days, cough < 2 weeks* and anorexia 1(1.0)
Fever < 7 days*, cough < 2 weeks* and anorexia 1(1.0)
Fever > 7 days, cough < 2 weeks* and hemoptysis* 1(1.0)
Fever > 7 days, cough < 2 weeks* and fatigue* 1(1.0)
> 4 symptoms 46 (47.9)
No symptoms 2(2.1)

* Not included in the Thai Clinical Practice Guideline of Treatment for Tuberculosis in Children 2019

Discussion

A majority of the patients (78.2%) met
all three diagnostic criteria for pulmonary
tuberculosis described in the Thai Clinical Practice
Guideline of Treatment for Tuberculosis in
Children 2019 with or without having the
microbiological confirmation for diagnosis.
Among this group, 2.1% of the patients only had
symptoms that were not included in the Thai

Tuberculosis CPG 2019” (only chest pain and only
hemoptysis at the time of presentation),
while 18.8% of the patients met only two criteria,
including clinical features and radiological
abnormality, but because of their positive
microbiological results, the diagnosis can be
made. There were 2.1% of the patients who
were asymptomatic and were diagnosed with
pulmonary tuberculosis due to a history of
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contact tuberculosis and abnormal radiological
findings, while 1% of the patients had clinical
features and abnormal radiological findings
without a history of contact with tuberculosis.
Therefore, the Thai CPG of Treatment for
Tuberculosis in Children 2019 can establish the
diagnosis of pulmonary TB in most of the
patients, but there are some limitations in those
who have a history of contact exposure but are
asymptomatic or presented with symptoms not
included in the CPG.

In our study, signs and symptoms described
in the Thai CPG 2019 were reported, including
cough for more than 2 weeks (58.3%), fever for
more than 7 days (57.3%), anorexia (42.7%),
weight loss (25%), inactivity (8.3%), and poor
weight gain (1%). Cough and fever are the main
symptoms of pulmonary tuberculosis, as reported
by Devrim I'' and Tarunotai U'” who stated that
cough and fever were reported in 81.5 — 94.4%
and 33.7 - 71.4%, respectively. Anorexia was
also found in a study from Marais BJ®(22.2%).
The number of patients who had weight loss in
this study was close to that of the study of
Marais BJ(27.8%). Nevertheless, most of the
patients did not have all of the signs and
symptoms that were included in the Thai
tuberculosis CPG” at the same time. We found
that 84.4% presented with 2 or more clinical
features, and among those were clinical
features both included and not included in this
CPG.

Signs and symptoms not included in the
Thai tuberculosis CPG 2019” that were found
in this study included afebrile (34.4%), cough
for less than 2 weeks (28.1%), no cough
(13.5%), and fever for less than 7 days (8.3%).
There were 15.6% of patients who presented
with neither cough for more than 2 weeks nor
fever for more than 7 days, which was relatively
lower than in Zar HJ*® (21%) and Soriano-Arandes A’
(38.6%). Other signs and symptoms not mentioned
in the Thai tuberculosis CPG 2019 that were also
found in this study were as follows: fatigue
(28.1%), hemoptysis (19.8%), night sweat (15.6%),
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dyspnea (12.5%), tachypnea (9.4%), and chest
pain (9.4%). These were clinical features that
were also reported in Marais BJ®. In addition,
8.3% of the patients in this study had
lymphadenopathy, which was slightly higher than
in Soriano-Arandes A” and Limpokaiyakul P in
which lymphadenopathy was found in 2% and
4.4% of the patients, respectively. Chronic
diarrhea and vomiting were reported in 1% of
the patients, which was also reported in
Soriano-Arandes A’ who found 5% of the
patients presented with vomiting and 6.9%
presented with diarrhea. In addition, there
were asymptomatic patients reported at 2.1%
in this study, which was lower than in Devrim [
and Marais BJ°(13-50%).

Most of the patients who presented
with clinical features not included in Thai
tuberculosis CPG 2019” almost always had other
clinical features that were described in this
CPG concurrently, making the diagnosis of
pulmonary tuberculosis more convenient.
However, 4 patients (4.2%) in this study were an
exception. They presented with only clinical
features not included in tuberculosis CPG
2019 including 1 patient who presented with
only chest pain, 1 patient with only hemoptysis,
and 2 asymptomatic patients. Therefore, other
information, such as history of contact exposure
or radiographic features compatible with
pulmonary tuberculosis became an important
factor for making the diagnosis of pulmonary
tuberculosis in childhood.

The limitation of this study is that we
gathered information in a retrospective manner,
using data collected from medical records in the
past, so some of the data may be incomplete or
have information errors due to recording errors.

Conclusion

The clinical features of pulmonary
tuberculosis in childhood are varied. Patients
may have signs and symptoms included or
not included in the Thai Clinical Practice
Guideline of Treatment for Tuberculosis in



Children 2019. A majority of the patients had 2
or more symptoms, while 95.8% of the patients
had at least 1 symptom described in the CPG
and could be diagnosed with pulmonary TB
based on clinical symptoms described in the
Thai CPG criteria. Only 4.2% presented with
clinical features not included in the CPG and
were diagnosed based on contact exposure
or radiographic features compatible with
pulmonary tuberculosis. This made the Thai
CPG a suitable guideline for the diagnosis of
pulmonary tuberculosis in childhood.
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