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Serum Citrulline and Ornithine:  
Potential Markers of Coeliac Disease Activity

Ladislav Douda1, Radomír Hyšpler2, Martin Mžik2, Doris Vokurková3, Marcela Drahošová3, Vít Řeháček4, 
Eva Čermáková5, Tomáš Douda1, Jiří Cyrany1, Tomáš Fejfar1, Václav Jirkovský1, Marcela Kopáčová1,  
Blanka Kupková1, Tomáš Vašátko1, Ilja Tachecí1,*, Jan Bureš6

ABSTRACT
Introduction: To date, there is not generally accepted and universal indicator of activity, and functional integrity of the small intestine in 
patients with coeliac disease. The aim of our study was to investigate whether serum concentrations of the non-essential amino acids 
citrulline and ornithine might have this function.
Methods: We examined serum citrulline and ornithine concentrations in a subgroup of patients with proven coeliac disease and healthy 
controls (blood donors).
Results: A total of 94 patients with coeliac disease (29 men, mean age 53 ± 18 years; 65 women, mean age 44 ± 14 years) and 35 healthy 
controls (blood donors) in whom coeliac disease was serologically excluded (10 men, mean age 51 ± 14 years; 25 women, mean age 
46 ± 12 years) were included in the study. Significantly lower concentrations of serum ornithine were found in patients with coeliac disease 
(mean 65 ± 3 µmol/L; median 63 µmol/L, IQR 34 µmol/L, p < 0.001). No statistically nor clinically significant differences were found in the 
citrulline concentrations between the study and control group.
Conclusions: Serum ornithine (but not citrulline) may be useful for assessing the functional status of the small intestine in uncomplicated 
coeliac disease. Further studies involving more detailed analysis of dietary and metabolic changes in patients will be needed to reach 
definitive conclusions.
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INTRODUCTION

Coeliac disease is a chronic, immune-mediated, and glu-
ten-associated disease in genetically susceptible individ-
uals (1, 2). The term “gluten-associated” more precisely 
describes its multisystemic nature. Other diseases may 
be associated with gluten intake too (3), which in fact, 
among the other things, makes the research and results 
interpretation difficult (4). Coeliac disease is a relatively 
common disorder with an average prevalence in Europe of 
1% and in the Czech Republic up to 1 : 200 (2, 4, 5). On the 
contrary, mainly due to the frequent oligosymptomatic or 
asymptomatic course, coeliac disease is poorly considered 
in diagnostic algorithms and it is estimated that it is di-
agnosed early and correctly only in 10–15% of cases (6, 7).

The diagnostic approach in routine clinical practice is 
based on the determination of serum levels of antibodies 
against tissue transglutaminase (IgA class) and histolog-
ical examination of biopsy samples of duodenal mucosa 
(1, 2, 4, 8). Small intestinal involvement plays a dominant 
role in the diagnosis and clinical manifestation of disease 
(1, 9). The characteristic histological picture of coeliac 
disease is an increased number of intraepithelial lym-
phocytes, crypt hyperplasia and especially atrophy of the 
small intestinal villi (10, 11). Villous atrophy is not specific 
to coeliac disease and may accompany several other enter-
opathies (1, 8). Although usually uncomplicated forms of 
coeliac disease do not primarily lead to significant intesti-
nal dysfunction (12, 13), the disease can lead to malabsorp-
tion syndrome, including iron, trace element and vitamin 
deficiencies, and malnutrition. When intestinal function is 
reduced below the minimum necessary for absorption of 
macronutrients and/or water and electrolytes, so that in-
travenous supplementation is required to maintain health 
and/or growth, we speak of intestinal failure (12, 14–18). 
Patients with coeliac disease have an increased risk of 
developing serious complications – refractory coeliac dis-
ease, ulcerative jejunoileitis and/or small intestinal malig-
nancies. In the presence of at least one of the above-men-
tioned conditions we speak about “ complicated” coeliac 
disease and in their absence of “uncomplicated” coeliac 
disease (4, 19, 20).

A reliable indicator for assessing small bowel function 
is not yet available in patients with uncomplicated coeliac 
disease (4). One possible candidate marker is citrulline. It 
is a non-essential, non-protein (non-biogenic) amino acid 
whose biological potential was thought to be low for many 
years and has been identified in the human body only as an 
intermediate in the urea cycle and amino acid metabolism. 
Since 2000, some data have appeared in the literature on 
the role of circulating citrulline as a possible marker of 
functional integrity of the small intestine and villous at-
rophy in various enteropathies, including coeliac disease 
(21, 22). The role of citrulline in the body has been found to 
be complex, including its effect on the cardiovascular sys-
tem (23), its antioxidant and immunomodulatory effects 
(24, 25), and especially its role in maintaining nitrogen 
homeostasis (26, 27). Interesting in this context is also the 
question of the possibility of using some of the precursors 
of citrulline, which are part of its synthesis in the entero-
cyte, for example ornithine or arginine and its correlation 

with citrulline levels. Clear data in this area are still lack-
ing in the literature.

MATERIAL AND METHODS

The project was designed as a case-control study compar-
ing a group of patients with previously diagnosed coeliac 
disease and healthy volunteers (blood donors). Inclusion 
criteria were a diagnosis of coeliac disease based on a com-
bination of positive serology (always including anti-trans-
glutaminase IgA) and histology. All patients underwent 
upper endoscopy with duodenal biopsy sampling at the 
time of initial diagnosis.

In control group of healthy donors, the coeliac disease 
was serologically excluded by means of negative results 
of multiple serum antibodies (anti-tissue transglutami-
nase IgA and IgG, anti-endomysial IgA and IgG, DGP (an-
ti-deamidated gliadin peptide) IgA and IgG and anti-reti-
culin IgA and IgG).

A  venous blood samples from patients and healthy 
controls (irrespective of fasting) were collected on a sep-
aration gel followed by centrifugation (2000 g gravity, 
20  degrees Celsius) and freezing (−80 degrees Celsius) 
until final analysis. Then, an ultrahigh-performance 
 liquid chromatography (Ultimate 3000 RS pump  Dionex, 
Thermo Scientific, San Jose, CA, USA) coupled with 
high-resolution mass spectrometer with orbitrap analyser 
( Q-Exactive Focus, Thermo Scientific, San Jose, CA, USA) 
was used in quantitative analyses of citrulline and orni-
thine in serum. Sample preparation was based on previ-
ously published method using pentafluorobenzoyl chlo-
ride as derivatization reagent (28). Isotopically labelled 
citruline-d4 and ornithine-d6 were used as internal stand-
ards. Chromatographic separation with mass spectrome-
try analysis was developed and optimized, followed by full 
method validation according to the Guideline on Bioana-
lytical Method Validation (29). All evaluated parameters 
met the required criteria proving the method to be precise 
and accurate. Certified lyophilised calibration and control 
materials (RECIPE Chemicals + Instruments GmbH, Mu-
nich, Germany) were used during study.

The obtained data were processed using methods of de-
scriptive statistics. Data by normal distribution of values 
were further analysed by parametric two-sample t-test 
and the data with non-normal distribution were tested by 
non-parametric Mann-Whitney and Kolmogorov-Smirnov 
test. For qualitative parameters the Fisher’s  exact test 
was used. For correlation analysis the Spearman’s rank 
correlation coefficient was used. For the above-men-
tioned statistical analysis was used NCSS 2021 Statis-
tical Software (NCSS, LLC, Kaysville, Utah, USA, 2021:  
ncss.com/software/ncss). The study was approved by the 
Joint University Ethics Committee (Reference number: 
202 107 PO6). All procedures were in accordance with the 
ethical standards of the institutional research commit-
tee and with the 1964 Helsinki declaration and its latter 
amendments (30). All patients signed written consent. For 
all data obtained, all personal identification information 
were deleted in compliance with the laws for the protec-
tion of confidentiality of the Czech Republic.
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RESULTS

Two subgroups entered the study: the study group of 
94  patients with coeliac disease and the control group 
of 35 healthy blood donors. The age and sex structure of 
the study group was 29 men (31%), mean age 53 ± 18 years 
(median: 47 years, interquartile range: 31 years) and 
65 women (69%), mean age 44 ± 14 years (median: 41 years, 
interquartile range: 20 years) – details in Table 1. The age 
and gender structure of the controle group consisted of 
10 men (29%), mean age 51 ± 14 years (median 47 years, 
interquartile range 19 years) and 25 women (71%), mean 
age 46 ± 12 years (median 45 years, interquartile range 
18 years) – details in Table 1.

The mean disease duration (in the group of coeliac dis-
ease patients) was 160 ± 144 months, median: 118 months 
(interquartile range: 181 months). The most common his-
tological finding in coeliac disease patients was type 3a 
according to the Marsh-Oberhuber classification. None 
of the patients underwent small bowel resection and/
or splenectomy. Some autoimmune-associated diseases 
occurred in the group of patients: rheumatoid arthritis 
(1 case),  autoimmune thyreopathy (19 cases), atopic der-
matitis (4 cases), vitiligo (3 cases), autoimmune hepatitis 
(1 case), IgM nefropathy (1 case), type 1 diabetes melli-

tus (5  cases), asthma bronchiale (12 cases), polyserositis 
(1  case), antiphospholipid syndrome (1 case), systemic 
sclerosis (2 cases), autoimmune gastritis (1 case), spon-
dylarthritis (1 case), psoriasis (2 cases), eosinophilic oe-
sophagitis (1 case), hereditary angioedema (1 case). There 
was no patient with associated Sjögren syndrome. IgA 
deficiency was found in four patients and in no healthy 
control. HLA genotyping was not performed in either 
patients or healthy controls. The patient did not include 
a person with current acute (or acute on chronic) kidney 
injury that could affect serum citrulline and/or ornithine 
concentrations.

In a statistical survey of patients with coeliac disease 
and group of healthy controls (blood donors), their quan-
titative and qualitative features were monitored and com-
pared. In the monitoring of quantitative traits, emphasis 
was placed on serum concentrations of citrulline and or-
nithine as possible indicators of small intestinal function 
and total enterocyte mass.

Serum ornithine concentrations showed a statistical-
ly significant differences between the group of patients 
with coeliac disease and the group of healthy controls 
(p < 0.001). The statistically significant differences were 
identified in serum transglutaminase IgA concentration 
(p = 0.024) too (other monitored clinical and laboratory 

Tab. 1 Basic quantitative features in patients with coeliac disease and healthy controls (blood donors). SD – standard deviation, NS – not 
significant, S – significant, µmol – micromol, U – unit, L – litre, IQR – interquartile range, n = number of subjects, BMI = body mass index, 
BSA = body surface area, MCV = mean corpuscular volume.

Parameter
Controls

(n = number of subjects;  
mean ± SD; median; IQR)

Coeliac disease
(n = number of subjects;  
mean ± SD; median; IQR)

Statistical significance

Age (years)
n = 35
47 ± 13
47; 18

n = 94
46 ± 16
43; 21

NS (p = 0.372)

Weight (kilograms)
n = 35
82 ± 22
75; 23

n = 94
70 ± 16
68; 21

NS (p = 0.062)

BMI (kg/m2)
n = 35
27 ± 4
27; 6

n = 94
25 ± 5
24; 6

S (p = 0.006)

BSA (m2)
n = 35
1,8 ± 0,2
1,8; 0,3

n = 94
1,7 ± 0,2
1,7; 0,3

S (p = 0.011)

Haemoglobin (g/L)
n = 35
142 ± 10
141; 13

n = 94
137 ± 13
138; 15

NS (p = 0.072)

Leukocytes (109/L)
n = 35
7 ± 2
6; 2

n = 94
7 ± 2
7; 3

NS (p = 0.814)

MCV (fL)
n = 35
90 ± 4
91; 5

n = 94
87 ± 5
87; 5

S (p = 0.002)

Transglutaminase IgA (U/mL)
n = 35
2 ± 2
2; 1

n = 88
12 ± 42
3; 4

S (p = 0.024)

Citrulline (µmol/L)
n = 35
30 ± 10
29; 10 

n = 94
27 ± 10
27; 15

NS (p = 0.136)

Ornithine (µmol/L)
n = 35
97 ± 26
97; 42

n = 94
65 ± 3
63; 34

S (p < 0.001)
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markers in Table 1). Due to the mostly rejected normality, 
the median and interquartile ranges (75th percentile mi-
nus 25th percentile) were used to express the degree of 
variability in addition to the arithmetic mean and standard 
deviation values. Correlation analysis using the nonpara-
metric Spearman’s rank correlation coefficient proved sta-
tistically significant stronger correlation between plasma 
citrulline and ornithine concentrations in the group of pa-
tients with coeliac disease (Spearman’s coefficient = 0.723) 
versus the group of healthy controls where the correlation 
was weak (0.723 vs. 0.313; Table 2, Figure 1) (31). We did 
not find a strong correlation between disease duration and 
serum citrulline and / or ornithine concentrations.

For other quantitative features no strong correlation 
rate was found in the group of patients with coeliac dis-
ease and healthy controls (Table 3).

The main qualitative characteristic monitored was 
smoking. There was a total of 13 smokers (14%) in the group 
of patients (5 men (39%), 8 women (61%)), and 5 smokers 
(14%) in the control group (2 men (40%), 3 women (60%)). 
We did not find any significant differences in the serum 
concentrations of citrulline and ornithine in smokers and 
non-smokers in the two groups studied (Table 4 and 5).

Fig. 1 Correlation of serum citrulline and ornithine concentrations 
in the group of patients with coeliac disease (Spearman’s coefficient 
= 0.723) and healthy controls (Spearman’s coefficient = 0.313).

Tab. 2 Correlation between other quantitative traits and serum concentrations of citrulline and ornithine in the group of coeliac patients 
(expressed by Spearman’s coefficient). M – males, F – females, SD – standard deviation, µmol – micromol, U – unit, L – litre, IQR – 
interquartile range, n = number of subjects.

Parameter Citrulline – total (M / F) Correlation strength Ornithine – total (M / F) Correlation strength
Age (years) 0.215 (0.081 / 0.261) weak (very weak / weak) 0.303 (−0.002 / 0.431) weak (very weak /medium)

Weight (kilograms) −0.066 (−0.079 / −0.105) very weak (very weak / 
very weak) 0.093 (0.007 / 0.082) very weak (very weak/ 

very weak)

BMI (kg/m2) 0.027 (0.126 / −0.001) very weak (very weak / 
very weak) 0.138 (0.149 / 0.124) very weak (very weak/ 

very weak)

BSA (m2) −0.132 (−0.185 / −0.169) very weak (very weak / 
very weak) 0.072 (−0.062 / 0.055) very weak (very weak / 

very weak)
Haemoglobin (g/L) 0.111 very weak 0.042 very weak
Leukocytes (109/L) −0.0445 very weak −0.074 very weak
MCV (fL) −0.064 very weak 0.028 very weak
Transglutaminase IgA  
(U/mL) −0.206 weak −0.065 very weak

Disease duration (months) −0.0305 very weak 0.0047 very weak

Tab. 3 Correlation between other quantitative traits and serum concentrations of citrulline and ornithine in the group of healthy controls 
(expressed by Spearman’s coefficient). M – males, F – females, SD – standard deviation, µmol – micromol, U – unit, L – litre, IQR – inter-
quartile range, n = number of subjects.

Parameter Citrulline –total (M / F) Correlation strenght Ornithine – total (M / F) Correlation strenght

Age (years) 0.375 (0.610 / 0.204) weak (strong / weak) 0.132 (−0.553 / 0.345) very weak (medium / 
weak)

Weight (kilograms) 0.101 (−0.330 / 0.073) very weak (weak / very 
weak) 0.119 (−0.128 / 0.144) very weak (very weak / 

very weak)

BMI (kg/m2) 0.027 (−0.430 / 0.002) very weak (medium / 
very weak) 0.232 (0.139 / 0.233) weak (very weak / weak)

BSA (m2) 0.128 (−0.321 / 0.070) very weak (weak / very 
weak) 0.221 (−0.079 / 0.284) weak (very weak / weak)

Haemoglobin (g/L) 0.105 very weak −0.125 very weak
Leukocytes (109/L) −0.510 medium −0.245 weak
MCV (fL) 0.092 very weak −0.086 very weak 
Transglutaminase IgA  
(U/mL) −0.175 very weak −0.027 very weak
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DISCUSSION

The aim of this study was to investigate the significance 
of serum amino acids citrulline and ornithine as poten-
tial non-invasive markers of small intestinal damage in 
patients with coeliac disease. The main finding of our 
study is statistically significantly lower serum ornithine 
concentrations in patients with uncomplicated coeliac dis-
ease compared to healthy controls. On the other hand, no 
statistically significant difference in serum citrulline con-
centrations was found.

The diagnosis of coeliac disease is currently well de-
fined, based on a  combination of  positive serological 
markers (positive antibodies to tissue transglutaminase 
IgA, TTG IgA) and a  typical histological picture in the 
small intestinal mucosa (1, 2, 4, 8, 10, 11). On the other 
hand, there is still no reliable indicator of celiac disease 
activity to monitor patients  (4). In real clinical practice, 
the “gold” standard of disease monitoring remains the de-
termination of specific autoantibodies and invasive his-
tological examination of biopsy samples from duodenal 
mucosa (1, 2, 4, 8) – however, this approach has several 
problematic moments and, in some cases, fails. The sero-
logical activity of coeliac disease-specific autoantibodies 
may be difficult to interpret in immunocompromised pa-
tients (e.g. immunodeficiency conditions including IgA 
deficiency, immunomodulatory treatment for another 
diagnosis). Other areas reducing the usefulness of sero-
logical markers in monitoring coeliac disease activity are 
immune dysregulation, as evidenced by the frequently 
 associated functional hyposplenism and selective memo-
ry B-lymphocyte deficiency (32) and the so-called seron-
egative coeliac disease (4) with the inability of TTG IgA to 
leave the mucosa into the bloodstream (33). Moreover, the 
dynamics of the serological response can be misleading. 
Although a reduction in serum TTG IgA concentrations 

indicates the effect of a gluten-free diet and is a marker of 
reduced disease activity (34), an antibody response (and 
thus serologic detection of TTG IgA) may not be present 
when less gluten is re-consumed.

In these cases, TTG IgA sensitivity decreases and does 
not reflect the severity of histological changes in the small 
intestinal mucosa (8). Even changes in histological find-
ings in the small intestine may not be a reliable indicator 
of the course of the disease. Histological changes mimick-
ing coeliac disease occur e.g. with commonly available and 
used drugs (NSAIDs, PPIs). Moreover, histological moni-
toring is a relatively invasive approach. In view of this, 
intensive efforts are being made to find new non-invasive 
markers of the functional status of the small intestine.

The first findings of the biological nature and function 
of citrulline and its relationship to the small intestine were 
provided by Windmüller et al. (35). Since 2000, Crenn et 
al. presents citrulline as a possible laboratory indicator 
of intestinal failure and diseases associated with villous 
atrophy (21, 22). There is a strong correlation between se-
rum citrulline levels and the severity of small bowel fail-
ure (which is well and precisely defined), but the diagno-
sis of intestinal failure remains relatively rare (12, 17) and 
uncomplicated coeliac disease is not a common cause of 
intestinal failure (13, 15). Although citrulline has been the 
subject of other published studies (22–40) describing its 
relationship to intestinal diseases (plasma concentrations 
reliably reflect the total functional mass of enterocytes) 
(22, 36–41), its determination is not well defined in rou-
tine clinical practice. An important precursor of citrul-
line in enterocytes is ornithine, whose role in relation to 
intestinal diseases is unclear (42, 43). Citrulline is found 
in the body in two forms (free citrulline and citrullinat-
ed proteins) (44), and the main site of its synthesis from 
dietary arginine, glutamine and proline (via ornithine as 
a direct precursor) is the small intestine (mainly the abo-

Tab. 4 Serum concentrations of citrulline and ornithine in the group of patients with coeliac disease in relation to smoking. SD – standard 
daviation, NS – not significant, S – significant, µmol – micromol, L – litre, IQR – interquartile range, n = number of subjects.

Parameter Smoking – YES 
(n = number of subjects;  
mean ± SD; median; IQR)

Smoking – NO 
(n = number of subjects;  
mean ± SD; median; IQR)

Statistical significance

Citrulline (µmol/L) n = 13
26 ± 10
22; 15

n = 81
27 ± 10
27; 15

NS (p = 0.579)

Ornithine (µmol/L) n = 13
69 ± 29
62; 41

n = 81
65 ± 24
63; 33

NS (p = 0.550)

Tab. 5 Serum concentrations of citrulline and ornithine in a group of healthy controls in relation to smoking. SD – standard daviation, NS – 
not significant, S – significant, µmol – micromole, L – litre, IQR – interquartile range, n = number of subjects.

Parameter
Smoking – YES

(n = number of subjects;  
mean ± SD; median; IQR)

Smoking – NO
(n = number of subjects;  
mean ± SD; median; IQR)

Statistical significance

Citrulline (µmol/L)
n = 5
28 ± 4
28; 7

n = 30
31 ± 10
29; 11

NS (p = 0.588)

Ornithine (µmol/L)
n = 5
97 ± 29
98; 50

n = 30
97 ± 26
97; 43

NS (p = 0.948)
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ral ileum) (35, 42, 44). In this context, it should be noted 
that enterocytes are equipped with transport systems that 
also allow efficient uptake of luminal citrulline (45, 46). 
Citrulline is released from enterocytes into the portal cir-
culation (not taken up by the liver) and continues to the 
cells of the proximal renal tubule, where undergo its fi-
nal conversion to arginine (35, 42, 47, 48). Arginine is then 
available through the systemic circulation to the whole 
body for proteosynthesis. This metabolic pathway (argi-
nine / glutamine – ornithine – citrulline) plays an impor-
tant role in maintaining the body’s nitrogen homeostasis 
(42). Citrullin is involved in the post-translational modi-
fication of some proteins (citrullination) (48) and several 
diseases (e.g. rheumatoid arthritis, psoriasis and multiple 
sclerosis) are associated with the presence of citrullinat-
ed proteins or antibodies against them (49–54). Ornithine 
is involved in complex metabolic processes (regulation of 
growth hormone production, lipolysis and immunomodu-
lation) and the urease cycle (37, 55).

Literature data suggest the utility of plasma citrulline 
levels to monitor disease severity in patients with exten-
sive and/or destructive involvement of the small intestinal 
mucosa (including complicated forms of coeliac disease 
such as refractory coeliac disease, ulcerative jejunoilei-
tis and T-cell lymphoma-associated enteropathy), which 
can lead to small bowel failure and/or malabsorption syn-
drome (12, 13), rather than for patients with uncomplicat-
ed forms of coeliac disease (22, 56). All patients included 
in our study had previously diagnosed coeliac disease and 
were treated with a gluten-free diet with significant clini-
cal effect (no patient had clinically active disease). None of 
the patients had laboratory evidence of intestinal failure 
or malabsorption syndrome. Although we found some sta-
tistically significant differences in body mass index (BMI, 
p = 0.006), body surface area (BSA, p = 0.011) and mean 
corpuscular volume (MCV, p = 0.002) between patients 
with coeliac disease and healthy controls, these findings 
could not be considered clinically significant (given the 
relatively low values) – Table 1. Considering this, and com-
pletely in accordance with the literature data, no statisti-
cally significant difference in serum citrulline levels was 
found between coeliac patients and healthy controls in our 
study.

Although the statistically significantly lower plasma 
concentrations of ornithine found in our study in patients 
with uncomplicated coeliac disease (p < 0.001) compared 
to healthy controls might suggest its greater sensitivity 
compared to citrulline as a marker of small intestinal mu-
cosal damage, other explanations for this finding have been 
offered. One explanation may be changes in serum levels 
of various amino acids caused by differences between in-
dividuals on gluten-free and regular diets (blood donors 
in our cohort). Citrulline is a specific product of entero-
cytes and is not present in the diet (with the exception of 
melons) (57) and is not released by other cells (both study 
groups, i.e., coeliac patients and a control group of healthy 
blood donors, were not burdened by a diet containing mel-
ons). In contrast, ornithine is common in the diet and its 
daily intake is a few grams. However, an important fact is 
its association with another amino acid, arginine, which is 
a substrate for the formation of ornithine. It is the reduced 

dietary intake of arginine in patients on a gluten-free diet 
that may theoretically contribute to lower serum orni-
thine levels (58). From this perspective, a possible effect 
of fasting on serum ornithine levels cannot be  excluded. 
 However, the levels of both amino acids (citrulline and 
ornithine) were examined in our study in non-fasting pa-
tients and/or healthy controls. In addition, gluten itself 
stimulates the activity of arginase (the enzyme required to 
convert arginine to ornithine), and therefore a gluten-free 
diet may also lead by this mechanism to lower production 
and reduced serum ornithine concentrations (59).

It is a  question (or rather speculation) whether the 
above statements can explain the surprisingly statistical-
ly significant correlation between plasma concentrations 
of citrulline and ornithine in the group of patients with 
coeliac disease compared to the group of healthy controls, 
where the correlation was weak (Table 2, Figure 1). In view 
of this, it will be necessary to verify our data by a more 
detailed analysis of the dietary amino acid content and 
metabolic changes in their production.

Our study has some important limitations. The main 
one is the lack of longitudinal monitoring of the observed 
changes in serum amino acid levels over time and the lack 
of correlation with invasive tests (histological changes in 
the small intestinal mucosa) and more detailed nutritional 
parameters analysis (including serum iron levels, ferritin, 
etc.). A minor limitation is the absence of HLA genotyping 
in the group of healthy controls to definitively exclude se-
ronegative coeliac disease, although its probability in this 
group is low.

CONCLUSIONS

There is still no universal and generally accepted indicator 
of coeliac disease activity, especially in patients with un-
complicated coeliac disease. The non-essential amino acids 
citrulline and ornithine and their determination in serum 
seem to be suitable candidates. Serum ornithine might be 
more sensitive for assessing disease activity in patients 
with coeliac disease without intestinal failure and/or mal-
assimilation syndrome. Further studies will be needed to 
confirm our results, especially focusing on the effects of 
diet and metabolic changes on the serum levels of specific 
amino acids. 
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ABSTRACT
Candidemia is one of the significant causes of mortality amongst critically ill patients in Intensive Care Units (ICUs). This study aimed 
to assess the incidence, risk factors and antifungal susceptibility pattern in candidemia cases admitted in ICU in a tertiary care hospital 
in Jaipur, Rajasthan from June 2021 to November 2021. Candida species isolated from blood culture of clinically suspected patients of 
sepsis were defined as candidemia cases. Blood culture and antifungal susceptibility testing were performed as per standard laboratory 
protocol. Analyses of risk factors was done between candidemia cases and matched controls in a ratio of 1 : 3. Forty-six candidemic 
cases and 150 matched controls were included in the study. C. tropicalis was the most prevalent species (22/46; 48%) followed by C. auris 
(8/46; 17%) and C. albicans (7/46; 15%). Candida species showed good sensitivity to echinocandins (97%) followed by amphotericin B (87%) 
and voriconazole (80%). In multivariate analysis, longer stay in ICU, presence of an indwelling device, use of immunosuppressive drugs 
and positive SARS-CoV-2 infection were associated with increased risk of candidemia. The constant evaluation of risk factors is required as 
prediction of risks associated with candidemia may help to guide targeted preventive measures with reduced morbidity and mortality.
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INTRODUCTION

The last few decades have witnessed an unprecedented 
level of development in the healthcare industry. Both the 
therapeutic and diagnostic facilities have grown mul-
ti-fold, making saving lives a reality (1). The flip side to 
this development is there is an increased number of pa-
tients in intensive care units battling immunosuppres-
sion,  either because of the disease itself or because of the 
potent broad-spectrum drugs and critical procedures be-
ing used (2, 3). All this has led to a humungous burden of 
patients at risk of invasive fungal infections. Bloodstream 
infections (BSIs) caused by Candida species have become 
a substantial threat in the hospital and are associated with 
high morbidity and mortality (4).

The profile of species involved in candidemia is con-
tinuously evolving and novel species are being described. 
Non albicans candida (NAC) are being isolated more fre-
quently as compared to C. albicans (5). While C. albicans is 
being reported more frequently in the developed countries, 
C. tropicalis and C. parapsilosis dominate the epidemiology 
in developing nations (3, 6). C. auris, first described in 2009, 
has currently spread in several continents and is frequently 
associated with nosocomial infections and outbreaks. The 
resistance profile of C. auris and the high mortality associ-
ated with C. auris infections present quite a challenge for 
physicians. An increasing level of antifungal resistance to 
commonly used first and second-line antifungals is being 
observed on a global level (7, 8). Traditionally, invasive can-
didiasis has been associated with immunocompromised 
and chronic inflammatory states. The use of broad-spec-
trum antibiotics, recent surgery and indwelling central ve-
nous catheters (CVC), particularly those for total parenteral 
nutrition and prolonged hospital stay are known to be the 
other risk factors associated with candidemia (9).

Most of this data is limited by the fact that the large 
majority of studies have been retrospective in nature. Giv-
en the geographical variation and evolving epidemiology 
of candidemia, it is important to determine the predictors 
of candidemia in any particular set up (4). Also, a fresh 
perspective is needed to assess these factors in the light 
of currently pursuing pandemic. With this background 
the present matched case control study was conducted to 
assess the prevalence, risk factors and antifungal suscep-
tibility pattern in invasive candidemia cases from medi-
co-surgical intensive care unit (MS-ICU) of our hospital.

MATERIALS AND METHODS

STUDY DESIGN, SETTINGS AND DATA COLLECTION
This single center matched case control observational 
study was conducted in a 1450 bedded tertiary care teach-
ing hospital in Jaipur, Rajasthan from June 2021 to Novem-
ber 2021. Patients above 18 years of age with at least one 
blood culture positive for Candida spp. were included as 
cases in the study. The cases and controls were matched 
in a ratio of 1 : 3. The matching criteria included gender, 
admission in the ICU at about the same time as the candi-
demia patients and SOFA score of at least 5, at the day of 
admission in ICU. 

The data concerning demographics (age, sex), comor-
bidities, length of ICU stay, presence of any indwelling de-
vice, use of steroids or chemotherapeutic drugs, presence 
of COVID 19 infection, laboratory tests (CRP, procalciton-
in) and outcome was collected daily by dedicated nurses 
on a predesigned proforma and compiled on excel sheet 
for both cases and controls. Initial pilot study was done 
on 30 patients for the validation of proforma. After the 
 successful completion of pilot study, all 196 study partici-
pants were assessed using this clinical proforma.

DEFINITION
All blood culture results of suspected sepsis cases during 
the study period at our centre were screened for candi-
demia cases. Candidemia was defined as the isolation of 
Candida sp. from at least one blood culture in patients with 
clinical signs and symptoms suggestive of sepsis. For pa-
tients with multiple positive blood culture, only the first 
case of candidemia was included, and furthermore a new 
episode of candidemia was defined if  the duration be-
tween the two episodes was more than 30 days (4).

MICROBIOLOGICAL ANALYSIS
Blood culture was performed using automated blood cul-
ture system BactecTM FX (Becton Dickinson, Sparks, MD). 
Identification was done using VITEK-2 automated system 
(bioMèrieux, Marcy-l’Étoile, France) with VITEK 2 (YST) 
cards. Candida isolates that could not be identified conclu-
sively by VITEK-2 were subjected to matrix-assisted laser 
desorption ionization- time of flight mass spectrometry 
(MALDI-TOF MS; Bruker Biotyper OC version 3.1, Dalton-
ics, Bremen, Germany) using an ethanol formic acid ex-
traction protocol. Antifungal susceptibility was performed 
using the broth microdilution assay according to the Clini-
cal and Laboratory Standards Institute guidelines (10).

ETHICAL APPROVAL
Approval of  the Institutional Ethics Committee was 
obtained prior to the commencement of  this study 
( MGMC&H/IEC/JPR/2021/552).

STATISTICAL ANALYSIS
The data was entered in a Microsoft excel worksheet. The 
qualitative data was assessed using Chi-square test while 
quantitative data was assessed using t test for both cases 
and control group. P value less than 0.05 was considered 
as statistically significant.

RESULTS

Out of 811 blood cultures that tested positive during the 
study period, candidemia was detected in 46, incidence 
being 5.7%. Thereafter, these 46 cases of candidemia and 
150 matched controls were included in the study. The me-
dian age (and IQR) was found to 52 (39–58) for candidemia 
cases and 51 (38–65) for non-candidemia patients.
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The distribution of various Candida species isolated 
from blood culture is shown in figure 1. C. tropicalis was 
the most common isolated Candida sp. (22/46; 48%) fol-
lowed by C. auris (8/46; 17%) and C. albicans (7/46; 15%). 
Table 1 shows the antifungal susceptibility pattern to 
various antifungals tested. C. albicans isolates were 100% 
sensitive to almost all antifungals except for 5-flucytosine 
(5-FC) which showed resistance in 14% (1/7) of the isolates. 
Amongst the NAC, maximum resistance was seen against 
fluconazole (11/39; 28%) followed by voriconazole (9/39; 
23%) and 5-flucytosine (9/39; 23%). C. auris was found to 
be most resistant speciesamongst all with 75–88% resist-
ance against azoles, amphotericin B and 5-FC.

A summary of clinico-demographic characteristics of 
cases and matched controls is presented in Table 2. The 
univariate comparison (candidemia vs non-candidemia 
patients), longer stay in ICU for more than 20 days (39% 
vs 12%), presence of central venous catheter (61% vs 17%), 

raised C reactive protein (CRP) levels (76% vs 7%) and pres-
ence of SARS-CoV-2 infection (15% vs 1%) were  associated 
with the development of  candidemia. Hypertension, 
 diabetes and chronic lung disease were the most common 
comorbidities associated with patients admitted in the ICU 
in both case and control groups and were not found to be 
statistically significant in development of candidemia. All 
patients who developed candidemia (46/46; 100%) were 
on immunosuppressants and was found to be statistically 
significant risk factor in comparison to the control group 
(61/150; 41%). Almost all patients had previous history 
of exposure to broad spectrum antibiotics in previous 
30 days and 9 (9/46; 19.6%) patients had history of empiri-
cal use of antifungal drug in past 90 days (data not shown 
in table). The overall, mortality rate was found to be 28% 
in candidemia patients and did not show any statistical 
correlation when compared to non-candidemia (36%) pa-
tients.

Tab. 1 Invitro susceptibility profile of various Candida species against the antifungals tested.

Candida isolates
(N = 46)

Azoles Echinocandins
AMB 

Sensitive
N (%)

Flucytosine 
Sensitive
N (%)

Fluconazole 
Sensitive
N (%)

Voriconazole 
Sensitive 
N (%)

Anidulafungin 
Sensitive 
N (%)

Caspofungin 
Sensitive 
N (%)

Micafungin 
Sensitive 
N (%)

Candida tropicalis (22) 20 (91%) 21 (96%) 22 (100%) 20 (91%) 22 (100%) 22 (100%) 21 (96%)

Candida auris (8) 0 2 (25%) 7 (88%) 8 (100%) 8 (100%) 2 (25%) 1 (13%)

Candida albicans (7) 7 (100%) 7 (100%) 7 (100%) 7 (100%) 7 (100%) 7 (100%) 6 (86%)

Candida parapsilosis (4) 3 (75%) 2 (50%) 4 (100%) 4 (100%) 4 (100%) 4 (100%) 4 (100%)

Candida famata (2) 2 (100%) 2 (100%) 2 (100%) 2 (100%) 2 (100%) 2 (100%) 2 (100%)

Candida glabrata (2) NA 2 (100%) 2 (100%) 2 (100%) 2 (100%) 2 (100%) 1 (50%)

Candida lusitaniae (1) 1 (100%) 1 (100%) 1 (100%) 0 0 1 (100%) 1 (100%)

AMB – Amphotericin B

Fig. 1 Distribution of Candida species isolated from blood culture.
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DISCUSSION

The present study provides an insight into the current 
epidemiology of candidemia in an adult ICU of a tertiary 
care teaching hospital in Jaipur with the incidence rate of 
5.7%. A multicentric observational study conducted na-
tionwide at 27 ICUs documented an overall incidence of 
6.51 cases/1,000 ICU admission (4). This variation may be 
due to the timing of our observation which is done during 
pandemic era while the previous mentioned Indian data is 
from pre-pandemic period. Routsi et al., and several other 
researchers have observed that the incidence of candidem-
ia increased significantly during the COVID-19 pandemic 
in comparison to pre-COVID era (11). More than three-
fourth of the patients (83%) with candidemia were more 
than 60 years of age similar to most other studies (5, 12). 
Invasive candidiasis is not directly related to the virulence 

of the pathogen rather attributed to the subsidence of the 
host immune system. Thus, increased incidence in ICUs is 
encountered due to various factors including age  related 
comorbidities which accentually compromise defence 
mechanism in patients enhancing chances of Candida 
 invasion (5, 9).

The present study observed that NAC (85%) outnum-
bered C. albicans (15%). The steadily increased occurrence 
of NAC in comparison to C. albicans in ICU settings has been 
documented in various Indian as well as in western litera-
ture in the past few years. This shift has been  attributed to 
rampant use of fluconazole which has led to selection and 
increased survival of resistant strains (13, 14, 16). Accor-
ding to a review on epidemiology of invasive candidiasis 
incidence of NAC has increased and C. albicans has de-
creased worldwide though distribution of candida species 
is variable region wise. As documented by same review 

Tab. 2 Clinico-demographic characteristics of patients with and without candidemia.

Variables
Patients with 
candidemia
(N = 46) (%)

Patients without 
candidemia
(N = 150) (%)

Chi square (df) p value 

Age ≤ 60
≥ 61

38 (83)
8 (17)

91 (61)
59 (39) 7.533 (1) 0.006

Gender Male 30 (65) 97 (65) 0.012 (1) 0.914

Gender 
Duration of hospital stay 

Female 16 (35) 53 (35) 0.012 (1)
15.520 (1)

0.914
< 0.0001< 20 days 28 (61) 132 (88)

Duration of hospital stay
Presence of indwelling device 

≥ 20 days 18 (39) 18 (12) 15.520 (1)
26.751 (3)

< 0.0001
< 0.0001CVC 27 (61) 25 (17)

Presence of indwelling device 
Comorbidities

Mechanical ventilation 37 (80) 77 (51)

26.751 (3)
11.543 (6)

< 0.0001
0.073

Urinary catheter 43 (94) 126 (84)

Dialysis line/drains 3 (7) 44 (29)

Hypertension 11 (24) 49 (33)

Comorbidities
C Reactive Protein (Positive)

Diabetes 11 (24) 55 (37)

11.543 (6)
92.031 (1)

0.073
< 0.0001

Lung disease 13 (28) 49 (33)

Renal disease 3 (12) 46 (31)

Liver disease 1 (2) 13 (9)

Malignancy 5 (11) 19 (13)

History of previous surgery 0 26 (17)

Yes 35 (76) 10 (7)

C Reactive Protein (Positive)
Procalcitonin (Positive)

No 11 (24) 140 (93) 92.031 (1)
13.338 (1)

< 0.0001
< 0.0001Yes 15 (33) 14 (9)

Procalcitonin (Positive)
Use of steroids/immunosuppressive 
drugs

No 31 (67) 136 (91) 13.338 (1)
47.630 (1)

< 0.0001
< 0.0001Yes 46 (100) 61 (41)

Use of steroids/immunosuppressive 
drugs
History of COVID 19 infection 

No 0 89 (59) 47.630 (1)
15.503 (1)

< 0.0001
< 0.0001Yes 7 (15) 1 (1)

History of COVID 19 infection 
Final disease outcome 

No 39 (89) 149 (99) 15.503 (1)
0.088 (1)

< 0.0001
0.766Deceased 13 (28) 48 (32)

Final disease outcome 
Survived 33 (72) 102 (68)

0.088 (1) 0.766

df – degree of freedom; CVC – Central venous catheter
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the incidence of C. glabrata is high in USA while most fre-
quently observed species in Asia-Pacific countries and Lat-
in America are C. tropicalis and C. parapsilosis (2). Amongst 
NAC, the predominant Candida species in our study was 
C. tropicalis (48%) followed by C. auris (17%). It is interest-
ing to note that observation on candidemia from the same 
setting during August 2020 to Jan 2021 had shown C. auris 
being the most common isolate. The study highlighted the 
fact of anticipation of C. auris outbreak during COVID-19 
pandemic, which was documented worldwide (7).

It is an important observation to note that the earlier 
study on candidemia was conducted during the first pan-
demic wave in our country while the present study was 
conducted after the decline of second wave wherein epide-
miology of candidemia seems to be shifting back steadily 
to the pre-pandemic period. The sudden increase in fre-
quency of C. auris in ICU during COVID pandemic waves 
is multifactorial. It is attributed to mainly rampant and 
irrational use of steroids, broad-spectrum antibiotics and 
breach in infection control practices which contributed to 
sudden widespread of C. auris amongst patients where this 
species was already prevalent in hospital environment 
(15). This finding is in contrast to studies reported from 
other parts of the world including European countries 
where still C. albicans is the predominant species in ICU 
even during the ongoing pandemic (6, 9, 16).

In concordance with other studies across the country, 
we observed an overall higher invitro resistance in NAC 
isolates compared to C. albicans (7, 17, 18). Azoles including 
fluconazole showed 100% susceptibility against C. albicans 
thus implying it can be used as drug of choice in our ICU 
settings. The present study documents a high degree of an-
tifungal resistance amongst C. auris isolates, a fact which 
has been apprised in previous studies from our centre 
(3, 7).

In our cohort, C. auris strains (n = 8) were resistant to 
azoles (75–100%), 75% and 88% were resistant to AMB and 
flucytosine respectively. Minimal resistance was shown 
against anidulafungin (13%) while sparing other echino-
candins (Table 2). C. auris is known for its unfavourable 
antifungal susceptibility profile with most of the isolates 
being multi drug resistant. Implementation of adequate 
infection control measures and continuous surveillance 
remain the mainstay to prevent colonization of C. auris in 
a way to reduce development of invasive candidiasis rath-
er treating the MDR strain (8).

The traditional risk factors associated with candidemia 
known since decades are characterised under demograph-
ic factors, co-morbid conditions, medical interventions 
and usage of broad-spectrum antibiotics and steroids (6). 
A systematic review had identified 29 risk factors extracted 
from 34 studies worldwide for invasive candidiasis. This re-
view highlights significant association with comorbid con-
ditions especially HIV and use of invasive devices. Other 
important risk factors with strong odds ratio, documented 
were patients on broad-spectrum antibiotics, total paren-
teral nutrition and previous Candida colonization (19).

Several studies in literature can be searched which 
have evaluated the risk factors for development of candi-
demia. However, majority of them were conducted on spe-
cific patient cohorts and did not use case control design. 

The present study used matched case-control methodolo-
gy to identify multiple risk factors associated with candi-
demia in the critical care unit. Overall, the present study 
confirmed the strong association with increased length 
of ICU stay, presence of invasive devices, use of steroids 
and COVID-19 infection in comparison to patients who did 
not develop candidemia (p value < 0.001) (Table 2) which 
is in sync with other studies (6, 20). A sudden upsurge in 
candidemia cases ranging from two to upto ten folds have 
been noted during and after COVID 19 pandemic all over 
the globe (7, 21, 22). In an analysis by Rouitsi et al., the risk 
factors for severe COVID-19 disease and development of 
candidemia are almost similar (11). However, the com-
monest risk factor for increased incidence of candidemia 
in COVID-19 patients being the rampant use of antimicro-
bials empirically for suspected as well as for confirmed 
secondary bacterial infections which was stressed upon 
by various studies (7, 11, 23).

While evaluating candidemia cases it was found that 
markers of systemic inflammation like C reactive protein 
(CRP) was increased in majority of cases (35/46; 76%) 
while levels of procalcitonin (PCT) were increased only 
in 33% (15/46) cases. An interesting finding by Yin et al., 
among immunocompromised children have suggested 
that high CRP and low PCT levels help to differentiate in-
vasive fungal infection from bacterial blood stream infec-
tion which is in favour with our findings. However, further 
studies with larger data in adults are required to establish 
this fact taking time of testing also under consideration 
(24).

The mortality rate found in our study was found to be 
28.3% which is slightly lower than the previously reported 
studies (35–80%). This could possibly due to the fact that 
all the patients included in our study were not critically 
ill as suggested by low SOFA score during time of admis-
sion (9). Invasive devices constitute an important and un-
avoidable part of patient care. At the same time, they have 
an undisputed role to play in the genesis of nosocomial  
infections. They are invariably found to be the nidus of  
infection in patients requiring critical care (2, 4). Repeated 
and religious reinforcement is required for infection con-
trol practices including strict compliance to hand hygiene. 
The five moments of hand hygiene as endorsed by WHO 
must be adhered to. Also, a culture of “device intolerance” 
needs to be developed as propounded by Gopal P (25).

The strength of  our study lies in its prospective 
matched case control design, taking care of many con-
founding variables along with collection of a  sufficient 
amount of information to properly model potential risk 
factors of candidemia. Also, biochemical parameters like 
CRP and procalcitonin have been included as potential fac-
tors influencing the situation, thus enlarging the domain 
of risk factors studied.

However, there are certain limitations of the study 
which need to be brought forth. The correlation of few 
important risk factors like Candida score, correlation of 
candidemia cases with exact duration and specific class 
of antimicrobial use have been missed. Further studies 
on continuous surveillance of patients admitted in criti-
cal care for Candida colonization should be undertaken to 
 establish its role in development of invasive candidiasis.
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CONCLUSION

C. tropicalis followed by C. auris were the most frequently 
isolated candida species from candidemia patients in crit-
ical care unit. Age group more than 50 years, longer stay 
in ICU, presence of an indwelling device, use of steroids 
or immunosuppressive drugs and presence of SARS-CoV-2 
infection were significant risk factors associated with 
candidemia patients in comparison to the control group. 
The continuous change in epidemiology and emergence 
of  acquired resistance to antifungals necessitate regular 
monitoring to develop local guidelines for strengthening 
antifungal stewardship. Constant evaluation of risk fac-
tors in any particular set up is mandated to help intensiv-
ists to assess distribution and trends of candidemia.

ACKNOWLEDGEMENTS

The authors thank Dr Anuradha Chowdhary, Professor, 
Department of Medical Mycology, Vallabhbhai Patel Chest 
Institute, Delhi, for contributing in identification of iso-
lates by MALDI-TOF MS and antifungal susceptibility 
testing. Additionally, she provided valuable suggestions 
for this manuscript.

REFERENCES
 1. Dasgupta S, Das S, Chawan NS, Hazra A. Nosocomial infections in the 

intensive care unit: incidence, risk factors, outcome and associated 
pathogens in a public tertiary teaching hospital of Eastern India. In-
dian J Crit Care Med 2015; 19: 14–20.

 2. Yapar N. Epidemiology and risk factors for invasive candidiasis. Ther 
Clin Risk Manag 2014 Feb 13; 10: 95–105. 

 3. Rajni E, Chaudhary P, Garg VK, Sharma R, Malik M. A complete clin-
ico-epidemiological and microbiological profile of candidemia cases 
in a tertiary-care hospital in Western India. Antimicrobial Steward-
ship & Healthcare Epidemiology. Cambridge University Press 2022; 
2(1): e37.

 4. Chakrabarti A, Sood P, Rudramurthy SM, et al. Incidence, character-
istics and outcome of ICU-acquired candidemia in India. Intensive 
Care Med 2015; 41(2): 285–95.

 5. Ahmad S, Kumar S, Rajpal K, et al. Candidemia Among ICU Patients: 
Species Characterisation, Resistance Pattern and Association with 
Candida Score: A Prospective Study. Cureus 2022; 14(4): e24612.

 6. Poissy J, Damonti L, Bignon A, et al. Risk factors for candidemia: 
a prospective matched case-control study. Crit Care 2020; 24(1): 
109.

 7. Rajni E, Singh A, Tarai B, et al. A High Frequency of Candida au-
ris Blood Stream Infections in Coronavirus Disease 2019 Patients 
 Admitted to Intensive Care Units, Northwestern India: A Case Con-
trol Study. Open Forum Infect Dis 2021; 8(12): ofab452.

 8. Briano F, Magnasco L, Sepulcri C, et al. Candida auris Candidemia 
in Critically Ill, Colonized Patients: Cumulative Incidence and Risk 
Factors. Infect Dis Ther 2022; 11(3): 1149–60.

 9. Xiao Z, Wang Q, Zhu F, An Y. Epidemiology, species distribution, anti-
fungal susceptibility and mortality risk factors of candidemia among 
critically ill patients: a  retrospective study from 2011 to 2017 in 
a teaching hospital in China. Antimicrob Resist Infect Control 2019; 
8: 89.

10. Clinical and Laboratory Standards Institute. Reference Method for 
Broth Dilution Anti–Fungal Susceptibility Testing of Yeasts. CLSI 
Document M27. 4th ed. Wayne, PA: Clinical and Laboratory Stand-
ards Institute 2017.

11. Routsi C, Meletiadis J, Charitidou E, et al. Epidemiology of Candi-
demia and Fluconazole Resistance in an ICU before and during the 
COVID-19 Pandemic Era. Antibiotics 2022; 11: 771.

12. Tortorano AM, Peman J, Bernhardt H, et al.: Epidemiology of can-
didaemia in Europe: results of 28-month European Confederation 
of Medical Mycology (ECMM) hospital-based surveillance study. 
Eur J Clin Microbiol Infect Dis 2004; 23: 317–22.

13. Giri S, Kindo AJ, Kalyani J. Candidemia in intensive care unit patients: 
a one year study from a tertiary care center in South India. J Postgrad 
Med 2013; 59(3): 190–5.

14. Kaur H, Singh S, Rudramurthy SM, et al. Candidaemia in a tertiary 
care centre of developing country: Monitoring possible change in 
spectrum of agents and antifungal susceptibility. Indian J Med Mi-
crobiol 2020; 38(1): 110–6. 

15. Chowdhary A, Sharma A. The lurking scourge of multidrug resistant 
Candida auris in times of COVID-19 pandemic. J Glob Antimicrob Re-
sist 2020; 22: 175–6.

16. Macauley P, Epelbaum O. Epidemiology and Mycology of Candidae-
mia in non-oncological medical intensive care unit patients in a ter-
tiary center in the United States: Overall analysis and comparison 
between non-COVID-19 and COVID-19 cases. Mycoses 2021; 64(6): 
634–40. 

17. Sabhapandit D, Lyngdoh WV, Bora I, Prasad A, Debnath K, Elantami-
lan D. Prevalence of non-albicans candidemia in a tertiary-care hos-
pital in Northeast India. Int J Med Sci Public Health 2017; 6: 1620–5.

18. Kothari A, Sagar V. Epidemiology of candida bloodstream infections 
in a tertiary care institute in India. Indian J Med Microbiol 2009; 
27(2): 171–2.

19. Thomas-Rüddel DO, Schlattmann P, Pletz M, Kurzai O, Bloos F. Risk 
Factors for Invasive Candida Infection in Critically Ill Patients: A Sys-
tematic Review and Meta-analysis. Chest 2022; 161(2): 345–55. 

20. Li D, Xia R, Zhang Q, Bai C, Li Z, Zhang P. Evaluation of candidemia 
in epidemiology and risk factors among cancer patients in a cancer 
center of China: an 8-year case-control study. BMC Infect Dis 2017; 
17(1): 536.

21. Nucci M, Barreiros G, Guimaraes LF, Deriquehem VAS, Castineiras 
AC, Nouer SA. Increased incidence of candidemia in a tertiary care 
hospital with the COVID-19 pandemic. Mycoses 2021; 64: 152–6.

22. Riche CVW, Cassol R, Pasqualotto AC. Is the frequency of candidemia 
increasing in COVID-19 patients receiving corticosteroids? J Fungi 
2020; 6: 286.

23. Segala FV, Bavaro DF, Di Gennaro F, et al. Impact of SARS-CoV-2 
 Epidemic on Antimicrobial Resistance: A Literature Review. Viruses 
2021; 13: 2110.

24. Liu Y, Zhang X, Yue T, et al. Combination of C-Reactive Protein and 
Procalcitonin in Distinguishing Fungal from Bacterial Infections  Early 
in Immunocompromised Children. Antibiotics 2022; 11(6): 730.

25. Gopal P. Providencial Progression: Time tobe Intolerant. Indian J Crit 
Care Med 2022; 26(4): 409–10. 



original article 89

The Choroid after Half-Dose Photodynamic 
Therapy in Chronic Central Serous 
Chorioretinopathy

Evita Evangelia Christou1,*, Andreas Katsanos1, Ilias Georgalas2, Vassilios Kozobolis3,  
Christos Kalogeropoulos1, Maria Stefaniotou1

ABSTRACT
Purpose: To characterize choroidal structure and vasculature after half-dose verteporfin photodynamic therapy (hd-vPDT) in eyes with 
chronic central serous chorioretinopathy using Enhanced Depth Imaging Optical Coherence Tomography (EDI OCT) and Optical Coherence 
Tomography Angiography (OCT-A).
Methods: This prospective case-control study included 10 eyes. Choroid was examined before and at 1 month following hd-vPDT. We 
measured choroidal thickness (CT) at subfoveal area and at 750 μm nasal and temporal of fovea and thickness of Haller and choriocapillaris/
Sattler layers. Whole (WA), luminal (LA) and interstitial area (IA) at EDI-OCT, and perfusion density at OCT-A were analyzed. The unaffected 
fellow eyes were used for comparisons.
Results: Mean CT at subfoveal area and at 750 μm nasal and temporal of fovea, values of Haller and choriocapillaris/Sattler layers and those 
of WA, LA and IA were reduced, while PD increased at 1 month after hd-vPDT (all p < 0.001). There was a significant (p < 0.05) negative 
correlation (ρ = −0.658) between PD and post-treatment logMARVA. None of analyzed parameters reached values of unaffected fellow eye.
Conclusion: Following hd-vPDT, choroidal thickness with both luminal and interstitial components markedly decreased, while perfusion of 
choriocapillaris improved.
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optical coherence tomography angiography; PDT
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INTRODUCTION

Central serous chorioretinopathy (CSC) is a chorioretinal 
disorder characterized by accumulation of fluid under 
the neurosensory retina due to dysfunction of the reti-
nal pigment epithelium (RPE) (1–4). A multimodal imag-
ing  approach has proposed that CSC in fact belongs to the 
pachychoroid spectrum of disorders, and the choroidal 
vascular hyperpermeability is the main pathophysiolog-
ical feature (5–8). Novel techniques have provided new 
insights in the visualization of the choroidal structure 
and circulation. Optical Coherence Tomography using the 
Enhanced Depth Imaging (EDI-OCT) mode allows us to 
highlight increased choroidal thickness and dilated large 
vessels in CSC (9–13). Optical Coherence Tomography An-
giography (OCT-A) provides detailed information regard-
ing the retinal and choroidal vascular layers and is useful 
for the analysis of perfusion changes (6, 7, 14, 15). The use 
of depth-resolved imaging methods provides evidence of 
the pathogenic mechanism of CSC during the course of the 
disease and after treatment (8–15). Verteporfin photody-
namic therapy (vPDT) for the treatment of chronic cases 
has been proven to be an efficacious option. It has been 
successfully used to reduce choroidal vascular congestion 
and hyperpermeability (16–19). Recent studies have re-
ported safety-enhanced protocols, in an attempt to min-
imize potential complications of standard vPDT such as 
choroidal ischemia, retinal pigment epithelium atrophy, 
choroidal neovascularization (CNV). Indeed, half-dose or 
low-fluence modified protocols have been found to be ef-
fective and safe in anatomical and functional outcomes re-
garding resolution of subretinal fluid (SRF), visual acuity 
(VA) and choroidal perfusion (20, 21).

The aim of this prospective study was to perform 
a  quantitative analysis of  choroidal structure includ-
ing luminal and interstitial components and to analyze 
vascular changes of the choriocapillaris (CC) before and 
 after  applying half-dose vPDT (hd-vPDT) in patients with 
chronic CSC.

MATERIAL AND METHODS

STUDY DESIGN
The study was conducted at the Department of Ophthal-
mology of the University of Ioannina, Greece, between 
September 2020 and March 2021 after receiving approval 
from the institutional ethics committee (gm 3/24N2020). 
The investigation adhered to the tenets of the Declaration 
of Helsinki. Informed consent was obtained from each pa-
tient before any study-related activity.

This was a prospective comparative study. Patients who 
underwent hd-vPDT for chronic CSC were recruited and 
their data were analyzed. Inclusion criteria were: a) di-
agnosis of chronic CSC, b) a single successful treatment 
with hd-vPDT, c) complete EDI-OCT and OCT-A data be-
fore vPDT (at baseline within 1 week from treatment) and 
at 1 month post-treatment. Eyes with a history of previous 
ocular surgery other than uncomplicated phacoemulsifi-
cation, trauma, high refractive errors, co-existent macular 
and vitreoretinal pathology were excluded to avoid poten-

tial confounding effects. In addition, we excluded eyes that 
had previously received any form of therapy (vPDT, laser 
photocoagulation, intravitreal injections of anti-vascular 
endothelial growth factor/VEGF) or those with evidence of 
CNV secondary to CSC. Patients with low quality images 
were also excluded. The patients’ unaffected fellow eyes 
were used for comparisons. 

All participants underwent a  comprehensive eye 
 examination that included measurement of best corrected 
visual acuity, determination of intraocular pressure, slit-
lamp biomicroscopy and fundus examination after pupil 
dilation. The indication for applying vPDT was chronic 
CSC with persistent SRF of at least 3 months duration and 
foveal involvement that was confirmed by active angio-
graphic leakage in fluorescein angiography and choroidal 
vascular hyperpermeability in indocyanine green angi-
ography. EDI-OCT and OCT-A imaging were performed at 
baseline and at 1 month after treatment.

EDI-OCT AND OCT-A IMAGING PROTOCOLS
SD-OCT (Cirrus HD-OCT, Zeiss, Jena, Germany) using the 
eye-tracking system was performed to investigate the cho-
roidal area. The scans were acquired with the EDI mode 
at baseline and at 1 month after applying vPDT. Choroidal 
thickness (CT) was measured at the subfoveal area and at 
750 μm to the nasal and temporal sides of the fovea. The 
Haller’s layer and the Sattler’s/CC layer were assessed in-
dependently. Choroidal layer analysis of the OCT images 
were manually performed based on previously described 
methods (22). Choroidal thickness measurements were 
performed using as landmarks the distance from the  outer 
portion of the hyper-reflective line which corresponds to 
the Bruch’s membrane, and the inner hyper-reflective line 
of the choroid-sclera interface. The cut-off size of the large 
choroidal vessels in the horizontal images through the fo-
vea was selected at 100 μm. Choroidal vessels located clos-
est to the center of the fovea having a diameter larger than 
100 μm were used for the measurements. The latter de-
fined the horizontal line from the innermost point of the 
large choroidal vessels that intersected the subfoveal CT 
measurement line perpendicularly. The subfoveal choroi-
dal large vessel layer thickness was defined as the distance 
from the point of intersection on the subfoveal CT line to 
the inner surface of the sclera. The thickness of the Sat-
tler’s/CC layer was derived by subtracting the thickness of 
the Haller’s layer from the subfoveal CT. All EDI-OCT im-
ages were imported in Image J. A 1500 μm wide area under 
the fovea (750 μm nasally and temporally to the center) ex-
tending vertically from the RPE to the chorioscleral border 
was selected for analysis. The scans were thresholded by 
an Otsu method and analyzed by binarization technique 
(7, 14). The white zones corresponded to the interstitial 
spaces and the black zones to the luminal area. The whole 
area (WA), luminal area (LA) and interstitial area (IA) of 
the choroid were calculated. A ratio between luminal part 
and total choroid corresponding to the choroidal vascular-
ity index (CVI) in former studies was measured (23). The 
measurements for the images were obtained by the same 
examiner. All images were obtained at approximately 
10 am to avoid the influence of diurnal choroidal changes.
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OCT-A  generates high-resolution three-dimensio-
nal maps of the retinal and choroidal microvasculature. 
 Imaging was performed with the AngioPlex® OCT Angi-
ography (ZEISS, Jena, Germany), and OCT angiograms 
were acquired in a 6 × 6 mm scan pattern automatically 
centered at the fovea. En face images of the CC plexus 
were generated and automated layer segmentation was 
performed by the software using a slab between 29 and 
49 μm below the RPE reference. The automated slab seg-
mentation was checked and manually corrected in case 
of inaccuracy. Each OCT angiogram at the CC layer was 
imported in Image J for analysis. Binarization of the im-
ages was made by the Otsu method, which is an automatic 
threshold selection from gray-level histograms. Contrary 
to the EDI-OCT scans, the white zones corresponded to the 
lumen of vessels of the CC network and the black zones to 
the interstitial area. We assumed that the percentage of 
white zones was an indirect measure of the choroidal vas-
cular flow area of the CC, therefore the percentage area 
occupied by the microvasculature in the CC layer defined 
the perfusion density. Indeed, a  ratio between luminal 
part and total area in the CC layer was equivalent to the 
vascular density in previous studies (14). All scans were 
reviewed to ensure their quality was sufficient.

HALF-DOSE VPDT PROTOCOL
The participants were subjected to the modified protocol 
of hd-vPDT. Verteporfin was administrated intravenously 
at a dose of 3 mg/m2 over 10 minutes. Fifteen minutes af-
ter the initial verteporfin infusion, the treatment area was 
exposed to a delivery of diode laser of 689 nm with a flu-
ence of 600 mw/cm2 for 83 seconds and total laser energy 
of 50 J/cm2 using a contact lens (Volk Area Centralis). The 
spot size had a diameter of 1000 μm larger than the great-
est linear dimension of the choroidal exudation in indocy-
anine green angiography (ICGA). Patients were advised to 
avoid exposure to sunlight for 48 h post-treatment due to 
a potential risk of skin photosensitivity.

STATISTICAL METHODOLOGY
We performed the statistical analysis using SPSS version 
25.0 (SPSS Inc., Chicago, IL, USA). Continuous variables 
were expressed as mean ± standard deviation (SD). We 
used the paired t-test for normally distributed data, or the 
Mann-Whitney U test for non-normally distributed data. 
To examine the correlation of two continuous variables, 
we used the Pearson coefficient for normally distribut-
ed data, or the Spearman coefficient for non-normally 
distributed data. Normality was tested using the Shap-
iro-Wilks test. For all tests, statistical differences were de-
termined to be significant at p < 0.05.

RESULTS

We examined 17 patients (19 eyes) with chronic CSC. 
 After exclusion criteria a total of ten eyes of 10 patients 
(8  men, 2 women) who underwent hd-PDT were in-
cluded in the study. We excluded 2 eyes with residual 
SRF at first month after treatment, 2 eyes with evidence 
of CNV, 3  eyes which had received previous treatment 
(1 with vPDT, 2 with anti-VEGF injections) and a patient 
with systemic contraindications to verteporfin. The mean 
age of the patients was 44.70 ± 5.72 years (range: 37–56). 
The mean period between diagnosis of CSC and applying 
treatment was 22.40  ±  3.20  months (range: 18–29). All 
eyes included in the analysis had complete resolution of 
SRF at 1 month post-treatment. We analyzed the  EDI-OCT 
and OCT-A  characteristics at baseline and at 1 month 
 after hd-vPDT. The patients’ descriptive characteristics 
 expressed in mean ± SD are shown in table 1.

EDI-OCT CHOROIDAL VALUES
The measurements of the CT at the subfoveal area and at 
750 μm nasal and temporal of the center after treatment 
were significantly lower compared to those before (all 
p < 0.001). Moreover, treated eyes at baseline had signifi-

Tab. 1 Descriptive characteristics of affected and unaffected fellow eyes. Data presented as mean ± standard deviation.

affected before PDT affected after PDT unaffected fellow

SFCT (μm) 411.50 ± 34.74 307.30 ± 17.96 297.30 ± 19.60

750N CT (μm) 375.60 ± 33.53 290.40 ± 18.33 280.60 ± 16.81

750TCT (μm) 391.00 ± 33.21 299.10 ± 18.68 288.50 ± 17.60

Haller (μm) 329.20 ± 38.80 215.30 ± 15.84 202.20 ± 17.65

CC+Sattler (μm) 82.30 ± 16.89 92.00 ± 18.01 95.70 ± 18.06

EDI-OCT whole area (mm2) 944197.00 ± 37291.06 684814.50 ± 25568.83 666526.50 ± 17657.02

EDI-OCT luminal area(mm2) 649590.10 ± 36586.50 288724.90 ± 25281.89 464548.50 ± 20683.03

EDI-OCT interstitial area(mm2) 294606.90 ± 19163.4 196089.60 ± 31901.30 201978.00 ± 22301.40

CVI (%) 0.69 ± 0.02 0.71 ± 0.04 0.70 ± 0.03

perfusion (%) 48.29 ± 1.89 50.56 ± 1.75 51.27 ± 1.57

visual acuity (logMAR) 0.56 ± 0.23 0.49 ± 0.25 0.14 ± 0.05

Abbreviations: PDT – photodynamic therapy; SFCT – subfoveal choroidal thickness; CT – choroidal thickness; EDI-OCT – enhanced depth 
imaging optical coherence tomography; CVI – choroidal vascularity index
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Fig.	1	Fig. 1 Choroidal thickness values in affected eyes before and after photodynamic therapy (PDT) and in fellow eyes.
Legend 1: Mean subfoveal choroidal thickness (SFCT) and mean choroidal thickness at 750μm temporal (750T CT) and nasal (750N CT) of 
the fovea. Mean values before PDT: SFCT = 411.50, 750N CT = 375.60, 750T CT = 391.00; after PDT: SFCT = 307.30, 750N CT = 290.40, 750T 
CT = 299.10; unaffected fellow: SFCT = 297.30, 750N CT = 280.60, 750T CT = 288.50; p ≤ 0.001 in all cases.

cantly higher measurements of the CT at each region com-
pared to the fellow eyes (all p < 0.001), while after treat-
ment the measurements remained higher than those of the 
contralateral eye (all p < 0.001) (Figure 1). After vPDT, the 
thickness of Haller’s and CC/Sattler’s layers was significant-
ly lower compared to those before treatment (all p < 0.001). 
Moreover, treated eyes at baseline had significantly higher 
measurements of the choroidal layers compared to the fel-
low eyes (all p < 0.001), while after treatment the thickness 
measurements of Haller’s and CC/Sattler’s remained higher 
than those of the contralateral eye (p = 0.005 and p < 0.001, 
respectively) (Figure 2). The binarized EDI-OCT images 
indicated markedly lower values of the total area of the 
choroid, as well as the luminal and interstitial components 
after treatment compared to baseline (all p < 0.001). In addi-
tion, treated eyes at baseline had markedly higher values of 
WA, LA, and IA compared to the fellow eyes (all p < 0.001). 
Following vPDT, the values remained higher than those of 
the contralateral eyes (all p < 0.001) (Figure 3). Regarding 
the CVI, the mean values before vPDT did not differ signif-
icantly compared to those following treatment (p = 0.148). 
CVI of treated eyes before vPDT did not differ statistically 
from that of the fellow eyes (p = 0.491). The mean values 
of CVI post-treatment were significantly higher than those 
of the fellow eyes (p = 0.043).

OCT-A CC VALUES
The values of the perfusion at the CC layer following vPDT 
were significantly higher compared to those before treat-
ment (p < 0.001). Moreover, treated eyes before vPDT 
had statistically significant lower values of the CC per-
fusion compared to the fellow eyes (p < 0.001), while the 
post-treatment values did not reach the level of the con-
tralateral eye (p < 0.001) (Figure 4).

VISUAL OUTCOMES
Visual outcomes after vPDT significantly improved com-
pared to pre-treatment measurements (p = 0.039).  However, 

the post-treatment VA did not reach the level of the con-
tralateral eye (p = 0.005). Correlation analyses revealed that 
both pre-treatment and post-treatment VA correlated in 
a significantly negative way to the perfusion values of the 
CC (p = 0.028 and p = 0.038, respectively) (Figure 5).

DISCUSSION

Herein, we report microstructural and microcirculation 
changes in eyes with chronic CSC after applying hd-vP-
DT. Using a morphometric analysis of binarized EDI-OCT 
B-scans and en face OCT angiograms, we evaluated vascu-
lar and stromal alterations of the total choroidal area and 
flow changes of the CC network at 1 month post-treatment. 
It has been largely demonstrated that modified safety-en-
hanced treatment protocols are efficient in the ameliora-
tion of functional outcomes and the restoration of retinal 
architecture. Indeed, vPDT with a reduced dose of verte-
porfin or a shortened time of laser emission still achieve 
satisfactory treatment efficacy with a diminished hypox-
ic effect on choroidal circulation (20, 21). In the study by 
Chan et al. (8), the potential of a temporary short-term CC 
hypoperfusion followed by vascular remodeling and im-
provement of blood circulation over time has been spec-
ulated. Histopathologically, occlusion of the CC has been 
observed in human eyes 1 week post-vPDT followed by vas-
cular recanalization (24), while reperfusion in the normal 
choroid may occur within 7 weeks (25). The introduction 
of novel depth-resolved imaging modalities, including the 
techniques of EDI-OCT and OCT-A, has provided new in-
sights in the visualization of the chorioretinal morpholo-
gy and microcirculation. A number of series have revealed 
variability in qualitative and quantitative analyses of flow 
pattern, luminal and interstitial components and perfu-
sion evaluated during the post-treatment follow-up peri-
od (9–15). Changes in the choroid, and specifically the CC 
plexus, may indicate the treatment impact on choroidal 
tissue remodeling and imply the potential of anatomical 
and functional recovery (6–15).
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Fig. 2c Choriocapillaris (CC) + Sattler layer thickness values in affected and fellow eyes.
Legend 2c: Means plot Choriocapillaris (CC) + Sattler layer thickness (μm) from affected eyes (before-affected, after-affected) and fellow 
eyes (unaffected fellow). Mean values CC+Sattler: before PDT = 82.30, after PDT = 92.00, unaffected fellow = 95.70, **p < 0.001

Fig. 2a Subfoveal choroidal thickness values in affected and fellow eyes.
Legend 2a: Means plot Subfoveal choroidal thickness (μm) from affected eyes (before-affected, after-affected) and fellow eyes (unaffected 
fellow). Mean values SFCT: before PDT = 411.50, after PDT = 307.30, unaffected fellow = 297.30, **p<0.001.

Fig. 2b Haller layer thickness values in affected and fellow eyes.
Legend 2b: Means plot Haller layer thickness (μm) from affected eyes (before-affected, after-affected) and fellow eyes (unaffected fellow). 
Mean values Haller: before PDT = 329.20, after PDT = 215.30, unaffected fellow = 202.20, **p < 0.001.



94 Evita Evangelia Christou et al.  Acta Medica (Hradec Králové)
 

	
Fig.	3b	Fig. 3b EDI-OCT images of affected and fellow eye.

Legend 3b: a) EDI-OCT image (left) and binarized image (right) of 
affected eye before PDT, b) EDI-OCT image (left) and binarized 
image (right) of affected eye after PDT, c) EDI-OCT image (left) and 
binarized image (right) of unaffected fellow eye.

	
Fig.	3a	

	 	

Fig. 3a Choroidal area at enhanced depth imaging Optical Coherence Tomography (EDI-OCT) in affected eyes before and after photodynamic 
therapy (PDT).
Legend 3a: Change of mean choroidal area (whole, luminal and interstitial) in affected eyes before and after PDT. Mean values whole: 
before PDT = 994197.00, after PDT = 684814.50, unaffected fellow = 666526.50; luminal: before PDT = 649590.10, after PDT = 288724.90, 
unaffected fellow = 464548.50; interstitial: before PDT = 294606.90, after PDT = 196089.60, unaffected fellow = 201978.00; p ≤ 0.001 in all 
cases.

components after treatment. The values of  CT at each 
measured area (subfoveal, 750μm nasally as well as tem-
porally off the center) using EDI-OCT were significantly 
decreased at 1 month after vPDT compared to those before 
treatment, as previously described. However, the CT of 
the affected eye even after vPDT was higher than that 
of the contralateral eye. Indeed, the comparison of the CT 
measurements on both eyes of patients with unilateral 
disease at a 12-month follow-up period has indicated that 
the CT in vPDT-treated eyes remained thicker than that of 
the contralateral eye (26, 27), with the amount of choroi-
dal thinning being significantly greater after full-fluence 
vPDT as compared to modified protocols (28).  Authors of 
previous studies have commented that choroidal thin-
ning following vPDT should be considered in the context 
of normalization of the pathologically increased choroid, 
and that the treatment effect does not go beyond the re-
modeling process, and therefore does not lead to choroi-
dal atrophy (29). Of note, concerning measurements of 
Haller and CC/Sattler layer thickness, our results support 
a significant decline in both layers post-treatment. Re-
garding the thickness of individual choroidal layers, the 
existing evidence does not unequivocally specify which 
layers are most affected: some papers have only docu-
mented the decrease of  total choroidal thickness (20, 
27, 28), while others have found a decrease of individual 
layers (9, 13, 21). 

We further examined the whole choroidal area and its 
components using the binarization process. The reduction 
of WA we found in our study may reflect the decrease in 
CT. Previous publications have reported shrinkage of the 
total choroidal volume with controversial outcomes con-
cerning the luminal and stromal components (9–13). A re-
duction of the luminal part may confirm the hypothesis 

In the present study, we investigated the functional 
and anatomic outcomes occurring after hd-vPDT, focus-
ing especially on the choroidal vasculature. Our results 
indicated changes regarding the choroidal structure 
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Fig. 4a Perfusion values in affected and fellow eyes.
Legend 4a: Means plot perfusion (%) from affected eyes (before-affected, after-affected) and fellow eyes (unaffected fellow). Mean values 
perfusion: before PDT = 48.29, after PDT = 50.56, unaffected fellow = 51.27, **p < 0.001.

Fig. 4b OCT-A images of affected and fellow eye.
Legend 4b: a) OCT-A image (left) and binarized image (right) of 
affected eye before PDT, b) OCT-A image (left) and binarized image 
(right) of affected eye after PDT, c) OCT-A image (left) and binarized 
image (right) of unaffected fellow eye.

that vPDT has a direct effect on large choroidal vessels as 
the main treatment target, which results in decongestion 
of CC vessels and eventual vascular flow re-establishment 
with a  secondary modification on CC compression and 
vascular flow amelioration. Apart from the significant 
reduction of the vascular luminal area, our study demon-
strated a simultaneous reduction of the interstitial part. 
The decrease of both choroidal vascular and extravascular 
components implies that the effect of vPDT on choroidal 
tissue may involve vascular decongestion as well as in-
terstitial fluid absorption. The CVI is a novel parameter to 
quantitatively describe the choroidal vasculature demon-
strating the ratio of LA over WA (23). In our study, both LA 
and WA were reduced after vPDT treatment, thus offering 
a potential explanation why CVI did not markedly differ 
compared to that at baseline.

Our analysis of OCT angiograms by the binarization 
method has mainly focused on the perfusion changes of 
the CC layer following vPDT. The flow pattern and vas-
cular perfusion changes have been initially analyzed in 
a qualitative way followed by further precise quantifica-
tion (30–34). Previous studies have mentioned an aberrant 
flow pattern at the CC layer in eyes before receiving vPDT 
with a tendency to recovery and a relatively uniform flow 
after the absorption of SRF at 1 month post-treatment, just 
as in our study (30–32, 34). Contrary to these results, Teus-
sink et al (6) mentioned an aberrant CC vasculature that 
persisted even after the absorption of SRF, and appeared 
to be independent of the therapy used. This discrepan-
cy among the results of these studies may be due to the 
difference in the period between the provided treatment 
and the OCT-A examination. Teussink and co-authors (6) 
may have missed any primary therapeutic effect seen on 
OCT-A. On the other hand, studies lacking long-term fol-
low-up would have not confirmed a potential recurrent 
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the compression on the CC layer. In fact, the overexpres-
sion of VEGF at the treatment site due to potential tissue 
hypoxia may consequently contribute to an increase in 
vascular density in deep capillary plexus and CC related 
to the process of recovery. The restoration of the latter 
vascular networks that constitute the main nutrient and 
oxygen supply of photoreceptors, leads to resultant pho-
toreceptor recovery and visual acuity improvement (36). 
Analyzing the OCT angiograms by the binarization meth-
od in our study, the percentage area occupied by the mi-
crovasculature in specific regions defined the perfusion 
density. Consequently, our results support the hypothesis 
that the recovery of CC perfusion leads to photoreceptor 
restoration, which is in turn associated with functional 
improvement.

To date, there is limited evidence for the association 
between CC perfusion changes and VA after vPDT in pa-
tients with CSC. We consider this information highly 
relevant for clinical practice, as perfusion changes could 
possibly serve as a predicting factor for visual outcomes. 
Our study contributes to a little-studied issue which un-
doubtedly warrants further investigation. Certain limita-
tions of the current study need to be considered. Firstly, 
our patients were examined at only one time-point after 
vPDT. Obviously, any short-term changes may have been 
missed. In addition, our results may not accurately por-
tray the choroidal vascular and structural characteristics 
over the long-term. We intend to follow our patients in 
order to detect further morphometrical and functional 
changes over time. Secondly, the sample size was rela-
tively small. Nonetheless, even this small sample enabled 
the detection of significant differences in several of the 
investigated parameters. Conceivably, more subtle effects 
could have been detected using a larger sample. Thirdly, 
the patients’ fellow unaffected eyes were used as controls. 
One could suggest that contralateral eyes of patients with 
CSC should not be considered normal, as differences have 

been found when compared to healthy controls (37). How-
ever, using different participants as controls could also be 
problematic, as the eyes of different people me have im-
portant physiological differences. In addition, we should 
not ignore the intrinsic limitations of the  imaging tech-
nology used. It can be argued for instance, that a swept-
source system would be more appropriate than a spec-
tral-domain device for the visualization of the CC and the 
choroidal area. On the other hand, it was recently shown 
that both swept-source and spectral-domain systems are 
comparable for choroidal measurements (38). Lastly, it 
should be noted that our results were produced using 
a  well-known image-processing software and a  proce-
dure (binarization) that has been used for similar studies 
(7, 13, 14, 31, 34, 39). Theoretically, employing different 
imaging platforms and processes could have produced 
different results. 

CONCLUSION

EDI-OCT and OCT-A  improves our knowledge on the 
pathophysiology of choroidal circulation and morphologic 
changes induced by hd-vPDT in chronic CSC. Quantifica-
tion of choroidal components may highlight the anatom-
ic response of the tissue to treatment with hd-vPTD. The 
 increase of perfusion density in OCT angiographic findings 
following treatment may signify functional improvement. 
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Fig.	5	
Fig. 5 Correlation analysis between perfusion and visual acuity (VA) before and after photodynamic therapy (PDT) in affected eyes.
Legend 5: Significantly negative correlation between perfusion and VA before and after PDT in affected eyes (before PDT: ρ = −0.688, 
p = 0.028; after PDT: ρ = −0.658, p = 0.038).
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Are Digital Methods Sufficiently Successful  
in Colour Determination for Monolithic  
All-Ceramic  Crowns?
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ABSTRACT
Objective: The aim of this study was to compare the visual assessment of tooth shade with the measurement using intraoral scanner (IOS) 
and spectrophotometer devices.
Methodology: The colour for a single unit implant supported crown was measured visually, using IOS, and spectrophotometer. The results of 
the digital methods were compared with the visual measurement.
Results: A complete colour match with the visual measurement was in 42.9% of cases for IOS, and in 33.3% of cases for spectrophotometry. 
The match in the colour value, hue, and chroma were in 61.9%, 95.2%, and 66.7% of cases, respectively, for the IOS; and in 61.9%, 61.9%, and 
66.7% of cases, respectively, for the spectrophotometry. The differences between the IOS and spectrophotometry were not statistically 
significant.
Conclusions: The most reliable method for tooth colour selection is the visual measurement by an experienced dentist. IOS and 
spectrophotometer can be used as an alternative method, however in both cases they should be verified using visual measurement.
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INTRODUCTION

The colour of prosthodontic restoration and beautiful 
smile design are some of the most important factors for 
modern dentistry from the patient’s point of view. A per-
fect colour match between restorations is essential to 
patients (1). There are many ways how to find an optimal 
colour match between the natural teeth and a  planned 
fixed restoration (2). Subjective color matching provided 
by dentists and dental technicians had the priority in the 
past but still is the most frequently applied method in den-
tistry (3). In present time we have a selection of devices 
which have been developed to provide a successful color 
selection (4).

Human optical system is able to recognize the light 
wavelength from 380 nm (violet) to 780 nm (red). The 
cones containing photosensitive pigments are respon-
sible for the colour vision. They are sensitive to 3 basic 
colours: blue (448 nm), green (528 nm), and red (567 nm). 
Pigments are stimulated by light, then disintegrate and 
create an electrical impulse which is relayed to nerves. 
In total there are about 6–7 million cones placed in fovea 
centralis. Some studies describe gender dependent sensi-
tivity of cones (5).

Choosing tooth colour shade can be influenced by sev-
eral factors, such as physical, physiological, dental, and 
psychological. The physical factors include, for example, 
metamerism and the influence of background (2). Meta-
merism is described as the situation when two objects are 
noticed different when one factor out of three (source-ob-
ject-receptor = human) varies, but the other two are con-
stant (6). Object metamerism is describing the fact that 
colour of the same objects varies when the light source is 
changed (7). Receptor metamerism depends on sensitivity 
of cones. The influence of background is significant, be-
cause all teeth look lighter with darker background even 
if the colour is the same. One of the physiological factors 
is age related decrease of retinal ganglion cells. Dental 
factors are based on facts that various teeth have natural-
ly different colour shades, particularly, their values (ca-
nine versus central incisor) (8, 9), and older people have 
 naturally a richer colour shade with lower hues in cervical 
areas (8). There are no significant differences in tooth col-
our between males and females (10). Psychological factors 
describe the sensory adaptation. Sensory adaptation has 
an effect on decreasing sensitivity of receptor when the 
stimulus is repeating. Chromatic analytical interval indi-
cates the time for choosing the colour without doubts and 
is about 5 s.

Light source can influence colour match as was men-
tioned earlier during the discussion of metamerisms. The 
light quality is determined by the colour temperature 
which is ideally 5500 K for the colour match.

The colour of an object consists of three dimensions: 
value, hue, and chroma. Value is the light quantity, that the 
object reflects in comparison with a bright white diffuser 
or a black absorber. The light object reflects the most of 
light, it means, it has the high value. Reversely the dark 
object absorbs the most of light and seems to be with low 
value. Hue is the light wavelength. It is depended on the 
wavelength of the light spectrum that is reflected/trans-

mitted by the object. An opaque object does not transmit 
the light, rather it creates a so-called spectral reflection 
curve. A transparent object (e.g., glass) transmits light and 
creates a so-called spectral transmission curve. Teeth are 
translucent objects, they reflect and transmit light at the 
same time. Chroma is the result of the rates of energies of 
various monochromatic lights represented in the certain 
colour or concentration of the certain hue. Rich colours do 
not contain a white part (e.g., spectral colors). Rich colour 
is created by few lights (ideally only one) – the curve is 
narrow and colour can be easily recognized. Non-rich col-
ours contain a white part (it is in principle a white colour 
with a “touch” of colours) (11).

The most used shade guide today for choosing the col-
our of teeth is Vitapan 3D Master® Shade Guide (Vita, 
Germany). The artificial teeth are classified according 
to the value – groups n. 1–5 (means all teeth in the same 
groups have got the same value). Except for groups 1 and 5, 
each group consists of 3 subgroups M, L, and R according 
to the various hues. L means light-yellow hue, M means 
medium-yellow-orange hue and R means red hue. Each 
subgroup contains 2 (for L and R – 1.5 and 2.5) or 3 (for 
M – 1, 2, 3) levels of chroma (12). VITA Classical A1-D4®-
shade guide is older generally and universally used guide. 
Shade-hue is marked by letters; A-orange-red, B-yellow, 
C-grey, and D-brown. There are 4 numbers matching var-
ious value and chroma in each hue, where 1 means high 
value and low chroma and 4 means low value and high 
chroma (12).

Some limitations can occur using shade guides. They 
are especially related to the level of opalescence and trans-
lucency. To minimize all factors influencing the visual 
tooth shade choosing, it is recommended to follow some 
regulations. Some of them are as follows: suitable light 
source (5500 K), suitable background (light grey), avoid-
ing rich colours near the object (lipstick, make-up, cloth-
ing), wet tooth surface (enamel dehydration), eye to eye 
position (same body height or proper patient positioning), 
distance 30–50 cm, choosing in the morning (eye fatigue) 
and preferably the colour selection together with the den-
tal technician. It is also useful to take photos of the teeth, 
a colour one and a grayscale one.

There are some devices helpful for this difficult task. 
A dental spectrophotometer measures the spectral reflec-
tance or transmittance curve of the tooth. Light is released 
from light source in the spectrophotometer and then dis-
persed by a prism into a spectrum of different wavelengths 
between 380–780 nm. The spectrophotometer then meas-
ures the amount of the light reflected from the specimen 
for each wavelength and converts the data into numerical 
values of colour. Before measurement automatic calibra-
tion is needed. Intraoral scanners are based on non-con-
tact optical acquisition technologies used by different IOS 
cameras to produce precise 3-dimensional renderings of 
soft and hard tissue. There are many principles for IOS 
systems – confocal microscopy with ultrafast optical scan-
ning or laser light beams based on parallel confocal prin-
ciples etc. Automatic shade matching is incorporated into 
the software. This technology collects actual shade values 
from several views, considering all angles captured by the 
scanner (13).
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MATERIAL AND METHODS

The study was approved by the Ethics committee of the 
University Hospital Hradec Králové (ref. No. 201903S08P). 
Participation in the study was voluntary, each participant 
signed an informed consent. In total, 23 patients were 
asked for study cooperation. 

The colour match for fixed single implant supported 
crowns during the regular treatment procedure in Univer-
sity Hospital Hradec Králové from October 2021 to January 
2022 was determined. 

The colour was selected in three different ways; the 
first was using Vitapan 3D Master® Shade Guide (VITA 
Zahnfabrik, Bad Sackingen, Germany) for visual measure-
ment (Figure 1), second was with an IOS system (3Shape 
TRIOS Move +, 3Shape, Denmark) during intraoral scan-
ning ( Figure 2), and third was using spectrophotometer 
(Figure  3) (VITA Easyshade© Compact Advance, VITA 
Zahnfabrik, Bad Sackingen, Germany). 

One evaluator analyzed the colour using Vitapan 3D 
Master® Shade Guide under given conditions: daylight in 
the morning with standard light source of the room, light 
grey background, wet tooth surface of referential tooth, 
and eye to eye position with distance 50 cm.

The result of the visual measurement was considered 
as the final colour for the crown fabrication. The materi-
al used for the restoration was monolithic zirconia oxide 
dental ceramic. The colour was selected according to a nat-
ural tooth in the same segment of the same jaw without any 
filling or restorations, not even next to gap. The selections 
were done in sitting patients following all recommenda-
tions for producers (the probe tip of spectrophotometer 
placed as flat as possible on the tooth surface) or general 
rules for visual match with the same light source as men-
tioned above. Measurement was done on the middle sec-
tion of the vestibular surface of the referential tooth while 
it was wet. Light grey background with eye to eye position 
in distance 30–50 cm was used. The visual match was done 
during the morning hours.

Vitapan 3D Master® Shade Guide was used for prima-
ry statistical analysis, where the total colour and separate 
parameters of colour (value, hue, and chroma) were com-
pared. During the secondary analysis, VITA LinearGuide 
3D-Master® was used as linear colour scale for an asse-
sment of the deviation magnitudes. The deviation to the 
lighter colour was denoted as negative value, whereas 
the darker colour was indicated with positive value.

The gathered data were analyzed in MS Excel using the 
methods of descriptive statistics, chi-square test, Fish-
er’s exact test, Wilcoxon test, and One-sample proportion 
test. The level of statistical significance was set at α = 0.05.

RESULTS

A total of 21 patients (11 men, 10 women) participated in 
the study, two of the patients rejected the study partici-
pation because of the lack of time. The study participation 
was 91.3% of possible patients. Fixed single implant-sup-
ported crown was planned for all of the participants. In 
20 patients, the crown was in a lateral section of a jaw, one 

Fig. 3 Spectrophotometer VITA Easyshade© Compact Advance 
(VITA, Germany).

Fig. 1 Vitapan 3D Master® Shade Guide (Vita, Germany).

Fig. 2 Selected colour on referential tooth with IOS system 3Shape 
TRIOS Move + (3Shape, Denmark).

crown was in a frontal section. 12 crowns were localised 
in the upper jaw, nine of them in the lower jaw. Table 1 
shows the localisations of the crowns, the natural teeth 
used for the colour measurement and the colours selected 
by the three compared methods.
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Figure 4 shows the correspondence of  the colours 
selected by IOS and spectrophotometer with the visu-
al measurement in the overall colour and in all parame-
ters of colour separately. The differences between IOS 
and spectrophotometer were not statistically significant 
( Fisher’s exact test-p = 0.1588, p = 0.1637, p = 0.381, p = 1 
for total colour, value, hue, and chroma, respectively.

For IOS the negative deviation was found in 33.3% of ca-
ses (n = 7), no deviation in 42.9% (n = 9), and positive devia-
tion in 23.8% (n = 5). For spectrophotometer the negative 
deviation was found in 47.6% of cases (n = 10), no deviation 
in 33.3% (n = 7), and positive deviation in 19.1% (n = 4).

The trend to positive or negative colour deviation was 
not statistically significant for both methods (one-sample 
proportion test, IOS: p = 0.7744 and spectrophotometer: 
p = 0.18).

DISCUSSION

The colour selection for new fabricated restorations is one 
of the most important tasks for dentists. Although the 

Tab. 1 Localisation of single unit crown, natural tooth matching and colours chosen with different methods.

Single implant-
supported crown Natural tooth matching IOS Spectrophotometer Human eye-resulting 

colour used
46 47 2M2 2M2 3M2
46 44 2M3 3L2.5 4L1.5
24 34 4M2 3M3 4M2
14 15 4M3 2R2.5 4M2
36 35 3M1 3M2 3M2
36 35 3M3 3M3 3M3
46 45 4M2 3M3 3M2
46 45 4M2 3L1.5 3M2
26 25 3M1 3M2 3M2
36 35 3M3 3M3 3M3
24 34 3M2 3M3 3M2
25 24 2M2 2M2 2M2
46 44 3M2 3M3 3M2
26 21 2M1 1M2 3M2
22 21 3M2 3M2 3M2
26 25 2M2 2M2 2M2 
16 11 2M2 2M1 3M2
45 44 2M2 2M2 3M2 
14 42 3M1 2L1.5 2M2
36 34 2M3 2M3 2M2 
46 44 3M2 1M1 3M2

Fig. 4 Correspondence of the digital methods results with the visual 
measurement.

Fig. 5 Deviations in colour selection using the VITA LinearGuide 
3D-Master®.

Figure 5 shows the grades of the colour deviation of 
both digital methods from the visual measurement. The 
median value and quartiles were 0 (−5, 1.5) and 0 (−7, 0) 
for IOS and spectrophotometer, respectively. The differen-
ces between both digital methods from the visual measu-
rement were not statistically significant (Wilcoxon test, 
IOS: p = 0.433 and spectrophotometer: p = 0.0505).
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VITA Classical®shade  guide is generally and universally 
used, the Vitapan 3D Master® Shade Guide was used for 
this study. The reason for this decision was that several re-
cent studies considered VITA Classical A1-D4®shade guide 
the least consistent with the examined tooth (14). The Vi-
tapan 3D Master® Shade Guide achieved more consistent 
results in repetitive shade selection (15). VITA Linearguide 
3D-Master has arrangement similar to the VITA Classical 
A1-D4®shade guide but using all colour aspects as Vitapan 
3D Master® Shade Guide and is more synoptical for begin-
ners. Some studies revealed significant advantage for col-
our match using VITA Linearguide 3D-Master compared to 
Vitapan 3D Master® Shade Guide (16). To maximize shadow 
matching it is also recommended to use digital photogra-
phy, however, the results were worse compared to the 
visual measurement and IOS color match (12).

IOS digital systems have benefited from their speed and 
ability to facilitate communications with patients as well 
as dentists and dental technicians (17), but to fulfill the rule 
of chromatic analytical interval, the visual match timing 
is similar to digital systems. Previous studies have found 
that the examiner’s experience may have greatly impacted 
the tooth colour determination (5). Moreover, visual tooth 
shade determination can be learned (18). These facts may 
result in a higher success rate of the visual match com-
pared to the digital methods. Thus, a  not-experienced 
young dentist can be more familiar with digital devices. 
Gender can also play a role in consideration of the differ-
ences between the methods. Men are likely to rely more on 
the digital methods, as they suffer from colour perception 
deficiencies more frequently (8%) than women (0.5%) (5). 

Some clinical studies declare that the instrumental 
methods for colour shade matching were more reliable 
than the visual methods (19). Studies also have shown 
different results of spectrophotometers and IOS systems 
(20). IOS systems are a good alternative for tooth shade 
selection (17). The colour match with IOS was superior to 
visual colour match but using A1–D4 values (21).

The spectrophotometer reported higher accuracy, re-
liability and repeatability in shade selection followed by 
photocolorimetric method. Knowledge and practice in the 
shade selection protocol are necessary for proper shade 
matching (15). The colour determination with IOS was 
more repeatable than when using visual systems (22). In 
this study, both digital methods are considered as an al-
ternative method, especially for value and chroma. They 
showed a high correspondence in hue, but the value and 
chroma should be always verified by the visual measure-
ment. That result is in accordance with another study con-
firming the fact, that the best matching shade was selected 
using the visual method. IOS can be used as an alternative 
method of shade selection, but it is recommended to verify 
the measurements using the visual method (14). 

Different factors can affect the accuracy and precision 
of the tooth shade selection methods and devices (23). The 
light source as well as having a neutral background in vi-
sual methods are most important. For IOS, the most im-
portant factor is the way of reading the information about 
the colour match. IOS can measure the attributes of co-
lour in very small areas, so for one particular tooth we can 
have many different colour matches. A small area means 

the average colour for every 3–5 mm on the tooth surface 
so the device provides a so called “colour map” (24). All–
ceramic crowns fabricated as monolithic are preferred for 
lateral segment, which needs to simplify that information 
into one shade. That is the reason why it is more difficult to 
find proper colour. In case of veneered all-ceramic crowns, 
where the colour map can be respected by dental techni-
cian, this single colour is not necessary. It can cause that, 
the colour match was not perfect with IOS device. Spectro-
photometer results could be influenced by difficult posi-
tioning of the device tip to a flat surface. Vestibular surface 
of the teeth is always convex.

The colour match can be also influenced by differ-
ent crown material especially for monolithic crowns. 
Some hybrid ceramic has better color match for fron-
tal teeth (VITA Enamic Translucent), other ones for lateral 
teeth (VITA Enamic HT) (25).

The limitation of this study was quite small number of 
the participating patients. Further research is needed to 
confirm the results using higher number of participants. 
Visual measurement of colour shade for prosthodontic res-
torations is the widespread method used by dental practi-
tioners. The colour determination by only one experienced 
prosthodontist for visual measurement is an advantage, 
less experienced dentist can have different results. 

CONCLUSION

The colour determination for implant-supported crowns 
can be realized by all methods used in this study. The con-
gruence of both digital methods with the visual assesment 
was relatively low, even though the differences were not 
statistically significant. IOS and spetrophotometer can be 
used as an initial method, but the colour assesment should 
be verified visually according to authors´ recommenda-
tion and literature search.
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The Role of FXR-Signaling Variability in the 
Development and Course of Non-Alcoholic Fatty 
Liver Disease in Children

Yuriy Stepanov, Natalia Zavhorodnia*, Inna Klenina, Olena Hrabovska, Viktoria Yagmur

ABSTRACT
Introduction: Genetic mechanisms among many other factors play a crucial role in the development and progression of nonalcoholic 
fatty liver disease (NAFLD). The farnesoid X-receptor (FXR) regulates the expression of target genes involved in metabolic and energy 
homeostasis, so it can be assumed that genetic variations within the NR1H4 gene, encoding FXR, can affect the development or progression 
of associated diseases, including NAFLD.
The aim: To study the association of SNP rs11110390 NR1H4 gene with the probability of development and course of NAFLD in children.
Materials and methods: 76 children aged 9–17 years and overweight were examined. According to controlled attenuated parameter 
(CAP) measurement (Fibroscan®502touch) children were divided into 2 groups: group 1 consisted of 40 patients with NAFLD, group 2 was 
composed by 36 patients without hepatic steatosis. According to genetic testing children were divided into 3 subgroups – children with CC-, 
CT-, TT-genotype SNP rs11110390 NR1H4 gene.
Results: The frequency of TT-genotype SNP rs11110390 NR1H4 gene detection in children with NAFLD was 17.5% versus 2.8% in the control 
group (p < 0.05). In children with TT-genotype SNP rs11110390 NR1H4 gene the liver stiffness (p < 0.05) and CAP (p = 0.1) were higher 
than in patients with CC- and CT-genotypes. Patients with the TT-genotype differed from CC-genotype patients with lower levels of IL-10 
(p < 0.05) and pro-inflammatory cytokine balance (p < 0.05). An increase in the concentration of taurine-conjugated bile acid fractions in the 
hepatic and gallbladder’s bile in children with TT-genotype SNP rs11110390 NR1H4 (p < 0.05) was demonstrated.
Conclusions: SNP rs11110390 NR1H4 is associated with an increased probability of NAFLD development in children. An increase 
in the steatosis degree and liver stiffness in combination with increased taurine-conjugated bile acids fractions in the hepatic and 
gallbladder’s bile, shift in cytokine balance due to a decrease in IL-10 level in children with TT-genotype SNP rs11110390 NR1H4 were 
observed.
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INTRODUCTION

The rapid increase in the prevalence of nonalcoholic fat-
ty liver disease (NAFLD) in recent decades is the result of 
a combined influence of environment, endogenous fac-
tors (such as eating behavior, physical activity, intestinal 
microbiota composition), and genetic predisposition (1). 
Among many others genetic mechanisms play an import-
ant role in the development and progression of NAFLD 
(2). The significance of genetic variability underlying the 
susceptibility to NAFLD has been confirmed in numerous 
modern genome-wide association studies (3). Studies of 
candidate genes demonstrated the influence of certain ge-
netic variants on lipid metabolism, inflammation, insulin 
signaling, fibrogenesis, and oxidative stress activity which 
determine the severity of NAFLD (4–6). Nowadays, the 
concept of the role of individual genes/proteins in NAFLD 
is gradually being replaced by the study of multiple causal 
interactions using systemic biology approaches. The 
“ NAFLD-Reactome” project confirmed the role of nucle-
ar receptors in the related gene expression regulation in 
the pathogenesis of NAFLD (7). The NR1H4 gene encoding 
farnesoid-X-receptor (FXR) is a member of the nuclear 
receptors superfamily, so-called ligand-activated tran-
scription factors. It regulates a significant number of tar-
get genes involved in a wide range of metabolic processes, 
such as lipid, carbohydrate, and energy metabolism, bile 
acid homeostasis, inflammation, cell proliferation, dif-
ferentiation and death, and regulation of the intestinal 
microbiota composition and activity (8, 9). Although FXR 
is most widely presented in tissues involved in the bile 
acids circulation, including the liver, intestine, and bile 
duct epithelium, FXR expression is also found in renal tu-
bular cells, adrenal glands, pancreatic tissue, adipocytes, 
cardiomyocytes, myocytes, endothelial and immune cells 
(10). The effects of FXR activation are tissue-specific. Both 
hepatic (hFXR) and intestinal (iFXR) receptors are import-
ant mediators of reverse inhibition of bile acid synthesis 
and induction of bile acids transporters expression, pro-
tecting hepatocytes and enterocytes from excessive bile 
acids toxicity. iFXR activation mainly leads to inhibition 
of bile acid synthesis, while hFXR activation – to chang-
es in the bile acids pool composition (11). In general, the 
small number of non-synonymous single nucleotide poly-
morphisms (SNPs) in the NR1H4 gene compared to other 
genes indicates its evolutionary stability and confirms 
its crucial importance for cell homeostasis and function 
(12). Considering that FXR is a key metabolic regulator, it 
is likely that genetic variation within the NR1H4 gene may 
have an influence on the development or progression of 
metabolic-associated diseases (13). Unfortunately, to date, 
the contribution of NR1H4 polymorphisms to the  NAFLD 
formation probability and clinical consequences for 
 NAFLD remains unclear.

THE AIM

To study the association of SNP rs11110390 NR1H4 gene 
with the probability of development and course of NAFLD 
in children.

MATERIALS AND METHODS

The study included 76 overweight and obese сaucasian chil-
dren aged 9 to 17 years (average age 12.3 ± 2.5 years). The 
presence of hepatic steatosis was determined by transient 
elastometry (FibroScan®502touch, Echosens, France) with 
the measurement of the controlled attenuation parameter 
(CAP). According to the presence of NAFLD, children were 
divided into 2 groups: group 1 (main) consisted of 40 pa-
tients with NAFLD, group 2 (control) consisted of 36 patients 
without hepatic steatosis. To study the association of SNP 
with laboratory-instrumental data, an intragroup analysis 
was performed: according to the molecular genetic testing 
the children with NAFLD were divided into 3 subgroups: 
children with CC-, CT-, TT-genotypes SNP rs11110390 NR1H4 
gene. The groups did not have significant differences in age 
and gender. The study has been performed according to the 
Declaration of Helsinki. The informed consent has been ob-
tained from all patients. All procedures have been approved 
by the local ethics committee (certificate number 4).

Genetic study to determine the presence of polymor-
phic variants of the NR1H4 gene (SNP rs11110390) was 
conducted in the Scientific Institution of Genetic and 
Immune Pathology and Pharmacogenetics of “Ukrainian 
Medical Stomatological Academy”. DNA isolation was 
performed using a set of reagents “DNA-EXTRAN-1” (LLC 
“NPF SINTOL”, Russia) from samples of fasting blood. De-
termination of the polymorphic variant of the NR1H4 gene 
(rs11110390) was performed by allele-specific polymerase 
chain reaction (PCR) using fluorogenic samples to detect 
specific products in 25 μl of the reaction mixture, which 
included: 12.5 μl of 2 × TagMan Master Mix amplifica-
tion solution; 1.25 μl of TagMan SNP Genotyping Assays 
containing specific nucleotide sequences for allele C and 
 allele T; and DNA solution in nuclease-free water for PCR 
(Thermo Fisher Scientific, USA). Polymorphic alleles of the 
NR1H4 gene (rs11110390) were amplified and detected in 
real time by measuring the fluorescent signal from the am-
plification products in each cycle, the intensity of which 
was proportional to the concentration of the final PCR 
product. Amplification was performed under the follow-
ing conditions: the first cycle took place at a temperature 
of 95 °C for 10 minutes. The amplicons were accumulated 
in the next 40 cycles according to the following tempera-
ture parameters: 95 °C for 15 seconds, 60 °C for 60 seconds.

Quantitative determination of the concentration of 
IL-6, IL-10, TNF-α in the serum was performed with en-
zyme-linked immunosorbent assay (Vector-Best, Russia) 
using an analyzer “Stat Fax 303 Plus” (USA).

The content of  total cholesterol (TC), triglycerides 
(TG), high-density lipoprotein (HDL) in the serum was 
determined using reagent kits “Cormey” (Poland) using 
a  biochemical analyzer Stat Fax 1904 Plus, Awareness 
Technology (USA). Low-density lipoprotein (LDL) was 
calculated by Friedwald’s formula. Very low density lipo-
protein (VLDL) was determined by empirical calculations 
of TG levels.

Bile from patients was obtained by duodenal sound-
ing. As a stimulator of bile secretion was used a solution 
with 33% MgSO4. Determination of the content of tauro-
cholic (TC), taurodeoxycholic (TDC), glycocholic (GC) and 
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glycodeoxycholic (GDC) bile acids in bile was performed 
using the method of thin-layer chromatography (14). The 
content of bile acids and cholesterol was determined using 
a densitometer BIAN-170 (λ = 620 nm) after staining the 
samples on the calibration curves.

Statistical processing of the results was performed us-
ing the application package Statistica 6.1 (serial number 
AGAR909 E415822FA). The conformity of the data distri-
bution to the normal distribution was checked using the 
Shapiro – Wilk method. The mean (M) and standard de-
viation (SD) or median (Me), lower (Q1) and upper (Q2) 
quartiles were used to describe the data. For comparison 
ANOVA + post hoc test has been applied. Fisher’s test was 
used to compare qualitative features belonging to nominal 
or ordinal scales. Statistical significance was assessed at 
a level not lower than 95.0% (p < 0.05).

RESULTS

According to the results of molecular genetic examination, 
the SNP rs11110390 of the NR1H4 gene in the heterozygous 
state (CT) was detected in 51.3% of all examined children, 
while the homozygous (TT) condition was present in 10.5% 
children (Table 1).

СС-genotype of  the NR1H4 gene was observed in 
35% of  NAFLD children, CT-genotype – in 47.5% of 
NAFLD children, and TT-genotype – in 17.5% (Table 1). 
The frequency of  TT-genotype NR1H4 gene detection 
in children with NAFLD significantly differed from the 
control group (17.5% vs 2.8%, p < 0.05). The frequency of 
the minor (T) allele detection among NAFLD children was 
41.2% that was significantly higher than in the control 
group (30.6%) (Table 1).

ASSOCIATION OF SNP RS11110390 NR1H4 WITH 
ANTHROPOMETRIC PARAMETERS
The body mass index (BMI) and waist circumference mean 
values in CT- and TT-genotypes SNP rs11110390 NR1H4 
gene carriers were increased, but the differences were not 
significant (p > 0.05) (Table 2).

ASSOCIATION OF SNP RS11110390 NR1H4 GENE 
WITH BIOCHEMICAL PARAMETERS
When comparing the hepatic transaminases activity, no 
significant differences were found between subgroups (Ta-

ble 3), but the average levels of γ-glutamyltranspeptidase 
(GGT) were significantly higher in TT-genotype SNP 
rs11110390 NR1H4 carriers (Fig. 1).

Tab. 1 Distribution of alleles and genotypes of SNP rs11110390 NR1H4 in the studied groups.

SNP ID Allele frequency Genotype frequency

rs11110390

Groups Total NAFLD Control Groups Total NAFLD Control
Allele n % n % n % Genotype n % n % n %

С 97 63.8 47 58.8 50 69.4 CC 29 38.2 14 35.0 15 41.7

CT 39 51.3 19 47.5 20 55.6
Т 55 36.2 33 41.2* 22 30.6 TT 8 10.5 7 17.5* 1 2.8

Total 152 100 80 100 72 100 76 100 40 100 36 100

Note: * p < 0.05 – significance of differences by Fisher’s criterion versus the control group.

Tab. 2 Comparison of the anthropometric parameters depending on 
the SNP rs11110390 NR1H4 genotype.

Anthropometric 
parameters

SNP rs11110390 genotype

рСС СТ ТТ

M ± SD M ± SD M ± SD

BMI, kg/m2 23.8 ± 3.9 24.9 ± 4.3 26.3 ± 3.3 0.2

Waist circumference, 
cm 81.3 ± 3.2 82.7 ± 2.8 84.7 ± 1.9 0.4

Note: p – significance of differences according to F-criterion 
between the TT-genotype and СС-genotype patients.

Tab. 3 Comparison of the biochemical parameters depending on the 
SNP rs11110390 NR1H4 genotype.

Biochemical 
parameters

SNP rs11110390 genotype

рСС СТ ТТ

M ± SD M ± SD M ± SD

ALT, U/l 37.2 ± 1.6 36.8 ± 1.4 40.3 ± 1.2 >0.05

AST, U/l 28.7 ± 1.2 29.8 ± 1.1 32.3 ± 0.9 >0.05

GGT, U/l 18.6 ± 0.9 19.2 ± 0.8 27.7 ± 1.1 <0.05

Note: p – significance of differences according to F-criterion 
between the TT-genotype and СС-genotype patients.

Fig. 1 Mean GGT values depending on the SNP rs11110390 NR1H4 
genotype.
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ASSOCIATION OF SNP RS11110390 NR1H4 GENE 
WITH LIVER STRUCTURE CHANGES
Children with TT-genotype of SNP rs11110390 NR1H4 gene 
were characterized by significantly higher liver stiffness 
mean values compared to patients with CC- and CT-gen-
otypes (p < 0.05) (Fig. 2A). Patients with the TT-genotype 
also differed from CT- and CC-genotypes carriers with 
higher CAP levels, but the differences between the groups 
were a trend (p = 0.1) (Fig. 2B).

Tab. 4 Cytokine profile depending on the SNP rs11110390 NR1H4 
genotype.

Cytokines
SNP rs11110390 NR1H4 genotype

СС СТ ТТ
Me (Q25, Q75) Me (Q25, Q75) Me (Q25, Q75)

IL-6, pg/ml 0.9 (0.4; 1.3) 2.3* (0.3; 5.5) 2.1* (0.2; 4.3)
TNFα, pg/ml 0.7 (0.4; 1.1) 2.1* (0.4; 3.8) 1.1 (0.2; 2.0)
IL-10, pg/ml 2.6 (1.1; 4.1) 4.7* (2.2; 7.3) 1.5* (0.1; 2.9)
TNFα/IL10 0.6 (0.1; 1.1) 0.6 (0.3; 0.8) 2.1* (0.7; 4.9)

Note: * p < 0.05 – the significance of differences according to the F- 
criterion compared to children with CC-genotype.

ASSOCIATION OF SNP RS11110390 NR1H4 GENE 
WITH LIPID PROFILE PARAMETERS
The study of lipid metabolism depending on the pres-
ence of SNP rs11110390 NR1H4 gene showed that in chil-
dren with TT-genotype it was observed an increase of the 
 atherogenicity index (AI) due to a shift in the balance of 
HDL / non-HDL to the HDL decrease, but the differences 
did not have sufficient significance (Table 5).

Tab. 5 Lipid spectrum parameters depending on the SNP 
rs11110390 NR1H4 genotype.

Lipid parameters
SNP rs11110390 NR1H4 genotype

рСС СТ ТТ
M ± SD M ± SD M ± SD

TG, mmol/l 1.2 ± 0.8 0.8 ± 0.4 0.8 ± 0.4 0.2
HDL, mmol/l 1.0 ± 0.4 1.0 ± 0.3 0.8 ± 0.2 0.4
Non-HDL, mmol/l 3.0 ± 0.3 2.5 ± 0.3 3.2 ± 0.2 0.9
VLDL, mmol/l 0.9 ± 0.3 0.4 ± 0.2 0.3 ± 0.2 0.1
AI 3.5 ± 1.4 3.7 ± 1.4 3.9 ± 0.9 0.2

Note: p – significance of differences according to the F-criterion 
between the parameters of the patients with TT- and CC-genotype.

ASSOCIATION OF SNP RS11110390 NR1H4 GENE 
WITH THE BIOCHEMICAL BILE COMPOSITION 
PARAMETERS
Comparative analysis of the bile acid fractions concentra-
tion in patients depending on the SNP rs11110390 NR1H4 
genotype showed a significant increase in the concentra-
tion of TC and TDC in gallbladder’s bile (bile B), as well as 
TC in hepatic bile (bile C) (Table 6).

Tab. 6 Biochemical bile composition depending on the SNP 
rs11110390 NR1H4 genotype.

Parameters
SNP rs11110390 NR1H4 genotype

рСС СТ ТТ
M ± SD M ± SD M ± SD

ТC bile В, mmol/l 0.4 ± 0.1 0.9 ± 0.1 2.9 ± 0.1 < 0.05
ТDC bile В, mmol/l 0.8 ± 0.2 1.4 ± 0.2 2.7 ± 0.3 < 0.05
ТC bile C, mmol/l 0.1 ± 0.0 0.3 ± 0.0 0.5 ± 0.1 < 0.01

Note: p – significance of differences according to the F-criterion 
between the parameters of the patients with TT- and CC-genotype.

Fig. 2 Liver stiffness (A) and CAP (B) depending on the SNP 
rs11110390 NR1H4 genotype.

ASSOCIATION OF SNP RS11110390 NR1H4 GENE 
WITH THE CYTOKINE PROFILE
Patients with CT-genotype in contrast to patients with 
CC-genotype of SNP rs11110390 NR1H4 gene were char-
acterized by increased levels of proinflammatory cyto-
kines TNF-α and IL-6, but the balance of cytokines was 
maintained due to a unidirectional increase in the con-
centration of anti-inflammatory cytokine IL-10 (Table 4). 
Patients with TT-genotype SNP rs11110390 NR1H4 dif-
fered from patients with CC-genotype with lower IL-10 
 levels (p < 0.05) and a shift in the balance of cytokines to-
wards proinflammatory state (increase in TNF-α / IL-10, 
p < 0.05).
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DISCUSSION

The SNP rs11110390 NR1H4 gene that we have studied is in-
tronic and localized in the noncoding region of the gene. 
According to our data, the frequency of the minor T-allele 
detection among children with NAFLD was 41.2%, that sig-
nificantly exceeds such parameter of the obese children 
(36.2%), which coincides with the ALFA-project data that 
demonstrate the variability of the minor T-allele preva-
lence in different populations (Fig. 3) with a frequency in 
the European population of 32.4% (15).

rearrangements of mature mRNA due to the influence of 
SNP on the  efficiency of splicing and alternative splicing 
(27). Introns make up about 24% of the human genome and 
they have the ability to regulate gene expression through 
the formation of non-functional or rapidly degrading RNA 
(negative regulation), intron-mediated enhancement of 
transcription activity, splicing rate control (28). Therefore, 
according to the function of introns in the regulation of 
gene expression, intronic mutations are often associated 
with severe pathological consequences.

In our study, significant differences in anthropometric 
parameters (BMI, waist circumference) between patients 
with different genotypes of SNP rs11110390 NR1H4 gene 
were not found in contrast to van den Berg et al. (2009), 
who demonstrated a  strong association between SNP 
NR1H4 gene, BMI and waist circumference, assuming 
the effect of FXR on the adipose tissue distribution and 
its role in the development of  obesity (18). Probably, 
the differences may be explained by the age difference 
of the  cohorts of patients and the small proportion of 
morbidly obese patients in our study.

TT-genotype of SNP rs11110390 NR1H4 gene, according 
to our data, was associated with impaired bile acid 
homeostasis: children with TT-genotype showed changes 
in the biochemical composition of hepatic and gallbladder 
bile due to increased concentrations of taurine-conjugated 
fractions associated with biochemical markers of 
cholestasis (GGT). This is explainable since the leading 
function of FXR and its target genes is the control of the 
synthesis, enterohepatic circulation and detoxification 
of bile acids (29). High level of FXR expression in the gas-
trointestinal tract allow FXR to play the role of a sensitive 
sensor of bile acids concentration in the liver and entero-
cytes, to mediate negative feedback to maintain constant 
levels of bile acids in hepatocytes and prevent liver dam-
age and cholestasis, to control bile acids reabsorption into 
the portal bloodstream, to maintain the barrier function of 
the intestine. FXR-knockout animal models demonstrate 
the importance of FXR function in maintaining bile acid 
homeostasis (30).

Disruption of FXR signaling in an experimental model 
of steatosis in mice on a high-fat diet leads to an increase 
in the hepatic steatosis degree and the development of 
endoplasmic reticulum stress (31). Impaired bile acid me-
tabolism in adult NAFLD patients is accompanied by a sig-
nificant increased risk of liver damage (32). In addition, 
patients with nonalcoholic steatohepatitis are character-
ized by a higher level of postprandial bile acid release and 
a higher likelihood of liver damage by secondary bile ac-
ids (33). In our study, patients with TT-genotype of SNP 
rs11110390 NR1H4 gene had significantly higher liver stiff-
ness and demonstrated a tendency to increase the steato-
sis degree in the absence of significant lipid abnormalities, 
which contradicts the data of Heni et al. (2013) who con-
firmed the association of SNP rs11110390 NR1H4 gene with 
fasting free fatty acids levels (21).

One of the reasons of liver stiffness changes in case of 
impaired FXR-signaling may be the activation of pro-in-
flammatory cascades due to increased intestinal perme-
ability. An experimental study of Inagaki et al. (2006) 
demonstrated that FXR plays a crucial role in maintaining 

Fig. 3 Frequency of the minor T-allele detection of SNP rs11110390 
NR1H4 gene in different populations (15).

The prevalence of  homozygous carriage of  SNP 
rs11110390 NR1H4 gene among children with NAFLD also 
differed significantly from the control group and was 
17.5%, which may allow the possibility of the association 
of TT-genotype with NAFLD development. The prevalence 
of the minor allele and polymorphic genotypes varies 
considerably between different cohorts of patients. So, 
Nijmeijer et al. (2011) in the study of adult patients with 
Crohn’s  disease and ulcerative colitis demonstrated 
32.2% prevalence of the minor T-allele of SNP rs11110390 
NR1H4 gene (16). Lutz et al. (2014), in turn, showed 8.9% 
prevalence of TT-genotype of SNP rs11110390 NR1H4 gene 
among adults with complication by ascites cirrhosis (17).

According to the recent data the association of the 
wide spectrum of SNP of coding and non-coding regions 
in the NR1H4 gene has been confirmed with various 
dysmetabolic and inflammatory diseases, such as obesity, 
gallstone disease, intrahepatic cholestasis of pregnancy, 
Crohn’s disease, ulcerative colitis, spontaneous bacterial 
peritonitis etc. (16–26). Van Mil et al. (2009) identified 4 
new SNPs NR1H4 gene accompanied by functional trans-
lation insufficiency and decrease in protein activity in 
pregnant women with cholestasis, assuming its associa-
tion with the intrahepatic cholestasis and other choles-
tatic diseases and dyslipidemia (26). However, a study in 
an extended cohort (563 pregnant women of European 
descent with cholestasis) did not confirm the association 
of these polymorphisms (mostly intronic) with suscepti-
bility to the disease due to their low population frequen-
cies (25). It should be noted that intronic mutations in 
general account for approximately 10% of all known hu-
man pathogenic mutations are accompanied by various 
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the integrity of the intestinal epithelial barrier and pre-
venting the development of bacterial overgrowth and bac-
terial translocation (34). In FXR-knockout mice an increase 
in intestinal paracellular permeability was observed due to 
a decrease in the expression of occludin. Furthermore, an 
increase in aerobic and anaerobic microflora presentation 
in the ileal mucosa and mesenteric lymph nodes was no-
ticed. Moreover, FXR is able to directly selectively inhibit 
the NF-kB-associated inflammatory pathway and ensure 
hepatocyte survival (8). According to our data, changes in 
the liver stiffness in patients with CT- and TT-genotypes 
were accompanied by an increase in the concentration of 
IL-6 and TNF-α, but in heterozygous SNP carriers cytokine 
balance was maintained due to increased IL-10 production 
whereas in children with TT-genotype a significant reduc-
tion in the IL-10 level was observed, which led to a shift 
in the balance of pro- and anti-inflammatory cytokines 
toward inflammation.

Thus, our study demonstrated that the variability of 
the NR1H4 gene (SNP rs11110390) is associated with an 
increased likelihood of developing NAFLD in children. 
Changes in the bile acid fractions distribution in patients 
with TT-genotype are characterized by a significant in-
crease in TC and TDC in the gallbladder’s and hepatic bile, 
accompanied by a significant increase in GGT level, in-
creased liver stiffness and steatosis degree. Cytokine pro-
file in children with CT-genotype of SNP rs11110390 NR1H4 
gene is characterized by higher levels of pro-inflammato-
ry cytokines – IL-6, TNF-α, but maintaining the balance 
due to compensatory increase of IL-10, while children 
with TT-genotype are characterized by shift the balance 
towards pro-inflammatory cytokines due to reducing the 
IL-10 level. Taking into account the prevalence of TT-gen-
otype of SNP rs11110390 NR1H4 gene in the pediatric pop-
ulation (10.5%), features of the course of NAFLD in SNP 
carriers, obese NAFLD children with TT-genotype should 
be considered at risk of the disease progression, which re-
quires timely correction.

CONCLUSION

TT-genotype of SNP rs11110390 NR1H4 gene carriage are 
associated with an increased likelihood of NAFLD devel-
opment in obese children. In children with TT-genotype 
of SNP rs11110390 NR1H4 gene an increase in the liver stiff-
ness and steatosis degree is observed in combination with 
an increase in taurine-conjugated fractions of bile acids 
in hepatic and gallbladder’s bile connected with biochem-
ical signs of cholestasis. In TT-genotype carriers of SNP 
rs11110390 NR1H4 gene a shift of cytokine balance towards 
inflammation is observed due to reduction of IL-10 levels.
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112 CASE REPORT

A Missed Diagnosis of Laryngotracheal Injury 
Secondary to Emergency Intubation:  
Lessons Learned
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ABSTRACT
Iatrogenic laryngotracheal trauma is a potentially fatal complication of endotracheal intubation, especially in an emergency setting. 
Symptoms are almost always related to speech, breathing, and swallowing. Hoarseness being the commonest symptom, while shortness 
of breath and stridor always signify more devastating injury. We present a case of iatrogenic subglottic and tracheal stenosis, which was 
misdiagnosed in the emergency department during the first visit. This case report highlights the importance of salient history and thorough 
examination with a high index of suspicion in a stridorous case with a recent history of intubation. Early detection and management are 
vital to avoid a life-threatening event.
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INTRODUCTION

Larynx and trachea are vital organs providing important 
functions for breathing, phonation, and swallowing. The 
laryngotracheal complex consists of a cartilaginous frame-
work supported by a variety of muscular and ligamentous 
soft tissue structures (1). Injury to these structures should 
alert physicians of the potential airway compromise and 
challenges in the management.

The mechanism of laryngotracheal injury can be clas-
sified into external and internal. The former is further 
classified into blunt and penetrating injuries, while the 
latter always due iatrogenic and inhalation injuries (2). 
Intubation probably being the leading cause of iatrogenic 
injury now due to its widespread use to secure the airway. 
 Larynx being the most common site of the injury second-
ary to endotracheal intubation, while trachea and oesoph-
ageal injuries are more frequently associated with difficult 
intubation (2).

Endotracheal intubation (ETI) remains the goal stand-
ard procedure for airway management (3). However, it can 
cause complications, some of which are life-threatening, 
like laryngeal trauma, subglottic stenosis, and tracheal 
rupture. It is well accepted that post-intubation laryn-
gotracheal injury is related to the duration of intubation. 
Injury following short term intubation in an elective set-
ting is rare, accounting about 6.3% (4). The percentage was 
likely to be higher in the emergency setting due to inade-
quate evaluation of the airway or preparation of the pa-
tient and equipment.

Other risk factors for the injury are excessive cuff pres-
sure, inappropriate endotracheal tube (ETT) size, difficult 
airway patient, use of introducers like stylet or bougie, 
inadequate muscle relaxant, and inexperience of person 
performing intubation (3, 5). Besides that, patient-specif-
ic factors such as female sex, cigarette smoking, and gas-
troesophageal reflux disease also have been shown to play 
a role (6).

Symptoms of intubation related laryngotracheal in-
jury are almost always related to speech, breathing, and 
swallowing. The patient may present with dysphonia, 
aphonia, hoarseness, shortness of breath, stridor, sore 
throat, dysphagia, and odynophagia. Most of the symp-
toms are usually resolved by 48 hours. Thus, more dev-
asting injury should be suspected if symptoms last more 
than 72 hours (7).

The most common lesion is vocal cord hematoma, 
followed by mucosal thickening with oedema, mucosal 
laceration, laceration of vocalis muscle, arytenoid sub-
luxation, and contact ulcer with or without granuloma 
formation and vocal cord immobility (6). Vocal cord im-
mobility is the result of either cricoarytenoid joint dislo-
cation, inter-arytenoid scar or recurrent laryngeal nerve 
palsy. There are reported case of tracheal rupture, how-
ever, it is rare (8). 

The long-term management is depending on the type 
of injury and severity, whilst in the short term, patients 
may benefit from a tracheostomy in severe cases. Here, we 
report a case of missed diagnosis of subglottic and tracheal 
stenosis secondary to emergency intubation, how we man-
aged the patient and lessons learnt.

CASE REPORT

A 16-year-old boy presented with progressive worsening 
of shortness of breath for three days duration. He had 
a history of intubation after alleged motor vehicle accident 
six days before the current presentation. At that time, he 
was brought to the hospital by ambulance with Glasgow 
Coma Score (GCS) of 7/15 and was intubated at the Emer-
gency Department (ED) with a cuffed ETT size 7.5 mm (in-
ner diameter), anchored at 21 cm for airway protection. 
However, there was no documentation of any difficulty 
of intubation as well as the number of attempts of intu-
bation. He was admitted to the Intensive Care Unit (ICU) 
overnight, extubated on the following day, and transferred 
to the general surgical ward. Apart from the severe trau-
matic brain injury (without intracranial bleed), he also 
sustained a closed fracture of the left distal radius. He was 
discharged home on day 4 of admission. 

The shortness of breath was actually noticed at home 
after being discharged. It was initially tolerable then pro-
gressively worsening until he was unable to lie flat and 
needed to sleep in a sitting position. It was associated with 
hoarseness, weak voice, odynophagia, noisy breathing and 
non-productive cough. He visited ED one day after been 
discharged due to worsening shortness of breath. He was 
treated as atypical pneumonia and discharged home with 
antibiotics. Unfortunately, he presented again to ED in less 
than 24 hours as his symptoms became more severe. 

On examination, he was lethargic-looking with the 
presence of inspiratory stridor, hoarseness, tachypneic 
with a respiratory rate of 22 breaths/min and subcostal 
recessions. Besides that, his maximum phonation time 
was 7 seconds, unable to count one to ten in a single breath 
but with a good cough quality suggestive of inadequate 
subglottic pressure but with good glottic closure. His ox-
ygen saturation (SpO2) and arterial blood gas (ABG) were 
still within the normal range. However, sequential ABG 
showed a rising pattern of carbon dioxide (CO2) level. A re-
ferral to Otorhinolaryngology (ORL) team was done and 
flexible nasopharyngolaryngoscopy (FNPLS) performed at 
ED revealed some granulation tissues at the subglottic re-
gion with a small airway opening seen at the posterior part 
of the subglottic region. Supraglottic and glottic structures 
were normal-looking and bilateral vocal cords were mo-
bile symmetrically.

Lateral soft tissue neck X-ray demonstrated soft tis-
sue thickening with narrowing of the airway from C5 to 
C7 cervical vertebra (Figure 1). Otherwise, chest X-ray 
showed a relatively clear lung field. Since he was stable, 
computerized tomography (CT) scan of the neck was done 
for more details regarding the anatomical obstruction. 
The CT scan revealed circumferential subglottic soft tissue 
thickening extending from the level of the lower border of 
C5 to lower border of C7 cervical vertebrae, causing sub-
glottic and tracheal stenosis (Figure 2). The length of the 
stenosis was 3 cm, with the narrowest segment width of 
4 mm. Lower trachea and bilateral primary bronchi were 
preserved.

The patient was then subjected to emergency trache-
ostomy, direct laryngoscopy, and tracheoscopy to secure 
and then assess the airway. The patient was intubated with 
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cuffed micro-laryngeal tube (MLT) size 4.0 mm (inner 
diameter), anchored at 22 cm on the third attempt after 
failed two attempts with larger ETT. Tracheostomy was 
performed under general anaesthesia and was unevent-
ful. A cuffed tracheostomy tube size 7.5 mm (inner diame-

ter) was inserted between the 3rd and 4th tracheal rings. 
Through the upper part of the tracheal incision, the sten-
otic segment was seen just above the 3rd tracheal ring. Di-
rect laryngoscopy showed pinkish-red granulation tissue 
in the subglottic region. Tracheoscopy revealed the total 
length of the stenotic segment was about 38 mm, starting 
from 5 mm below the true vocal cord to 4 mm above tra-
cheostoma. There was presence of immature granulation 
tissue at the anterior part of the tracheal wall and mucosal 
tear at the left posterolateral part of the tracheal wall 
causing false tract (Figure 3). In addition, there was some 
slough at the posterior commissure. Luminal obstruction 
by the stenotic segment was measured by about 78% thus, 
it was Cotton-Myer grade III. He was started on intrave-

Fig. 2 Sagittal view, soft tissue window of contrasted CT scan of 
neck shows circumferential soft tissue thickening extending from 
level of lower border of C5 to lower border of C7 cervical vertebra 
causing subglottic and tracheal stenosis.

Fig. 1 Lateral soft tissue neck X-ray shows soft tissue thickening 
with narrowing of airway from level of C5 to C7 cervical vertebra.

Fig. 3 A. Endoscopic view of the subglottic region shows present 
of granulation tissue at the anterior part (black arrow) with 
narrowed subglottic region (white arrow), mucosal tear at the left 
posterolateral part (black arrow head) causing false tract (white 
arrow head) and present of slough at the posterior part (star). L: left 
vocal cord; R: Right vocal cord. B. Endoscopic view of trachea shows 
narrowed tracheal lumen with present of granulation tissues and 
slough.
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nous (IV) dexamethasone 8 mg three times daily (TDS) 
for three days to reduce the tissue oedema and inflamma-
tion, and IV Augmentin, 1.2 g TDS for five days to cover for 
 infection.

The patient was discharged home after five days of 
observation in the ward, and the tracheostomy tube was 
changed to uncuffed tube sized 7.5 mm (inner diameter). 
He was well and underwent another direct laryngoscopy 
and tracheoscopy under general anaesthesia about two 
weeks later. Unexpectedly, it revealed a well-healed sub-
glottic and tracheal wall with just minimal granulation 
tissue at the superior part of tracheostoma (Figure 4). The 
tracheostomy tube was then changed to a  smaller size, 
spigotted and subsequently decannulated successfully. 
He was well and remained asymptomatic even after six 
months follow-up.

DISCUSSION

Intubation related laryngotracheal injury is common, as 
high as 73% in patients intubated for more than 24 hours, 
and larynx is more common than trachea to be injured 
(5, 9). Short term intubation less than 24 hours and in the 
elective setting is relatively rare causing laryngotracheal 

injury (4). The injuries are ranging from mild to severe and 
life-threatening conditions. 

In our case, the patient was able to be extubated in less 
than 24 hours after intubation. However, the laryngotra-
cheal injury was so extensive which required tracheosto-
my to secure the airway. By Bernoulli’s principle, when 
a patient is breathing rapidly, the air flows through a se-
verely narrowed airway (in this case, through the stenosed 
subglottic and upper tracheal regions) causes that restrict-
ed area to collapse and later on becomes more oedematous. 
Therefore, tracheostomy helps to rest that area to heal and 
to prevent more complications apart from securing the 
airway. In this case, the tracheostomy was inserted slight-
ly lower than usual (between 2nd and 3rd tracheal rings), 
distal to the site of stenosis to avoid the area of laryngotra-
cheal injury. We also noticed the presence of immature 
granulation tissue and mucosal tear with a false track (as 
shown in Figure 3), which could be the results of traumat-
ic injury during intubation. This injury may happen in an 
emergency setting where everything needs to be acted 
fast, especially when dealing with the airway. Study also 
showed laryngeal injury is more common in emergency 
intubation (5). Besides that, if a restless patient with GCS 
7/15 was not properly relaxed during intubation, this can 
increase the risk of laryngotracheal injury.

Post-extubation patients may experience a variety of 
symptoms. Hoarseness is the commonest symptom fol-
lowed by sore throat and odynophagia (4, 9). A systemic 
review revealed that hoarseness and vocal cords injury are 
relatively common following short-term general anaesthe-
sia (10). In the vast majority, this symptom is temporary 
and lasts on a mean two to three days (11). However, in 
a case of persistent symptoms with dyspnoea and stridor, 
a more serious complication should be suspected. Our pa-
tient presented with worsening obstructive symptoms and 
hoarseness for more than three days; however, he was dis-
charged home and treated as pneumonia on the first visit 
to ED. Although pneumonia is also a common condition in 
patients of post-intubation and ICU admission, intubation 
related laryngotracheal injury should always be suspected 
in this type of patient and presentation.

Pneumonia may share some similar symptoms with 
intubation related laryngotracheal injury. Thus, further 
investigation should be carried out. This is including 
a simple neck and chest X-ray. Only a chest X-ray was per-
formed during the first visit; thus, the diagnosis of laryn-
gotracheal injury was missed. A simple clinical examina-
tion such as FNPLS can be performed in the ED setting by 
a skilled operator, which provides excellent visualization 
of the supraglottic, glottic, and possible subglottic region. 
In our case, granulation tissue was seen in the subglottic 
region, causing narrowing of the airway, otherwise nor-
mal supraglottic and glottic structures, and mobility of vo-
cal cords. However, it is to note that, in certain cases such 
as suspected acute epiglottitis in children, the contact of 
the tip of the scope with the epiglottis or laryngeal mucosa 
may cause laryngospasm and upper airway “shut-down”.

Besides laryngotracheal stenosis, differential diagnosis 
of stridor with history of intubation would include edema 
of the vocal cord or subglottic region, vocal cord granulo-
ma, vocal cord palsy, cricoarytenoid dislocation, webbing 

Fig. 4 Endoscopic view of the subglottic (A) and trachea (B) after 2 
weeks shows well healed subglottic and tracheal wall with minimal 
granulation tissue (arrow) at the superior part of tracheostoma and 
tracheostomy tube (star).
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of anterior commissure and tracheomalacia especially in 
prolonged intubation. Stridor is one of the red flag signs 
for airway emergency. Stridor is different from stertor. 
Stridor is defined as high-pitched sound, caused by par-
tial obstruction of the airway due to abnormal apposition 
of two tissue surfaces in proximity, with resultant in tur-
bulent airflow (12). In contrast, stertor is a low-pitched, 
mainly inspiratory sound that may be produced by ob-
structing lesions of the nasopharynx, oropharynx and hy-
popharynx (13). The quality of the stridor may give clue to 
site of obstruction as seen in table 1 (12).

Tab. 1 Different quality of stridor pointing towards different sites of 
obstruction.

Quality of stridor Site(s) of obstruction

Inspiratory Supraglottic region (epiglottis, 
aryepiglottic folds and false cords)
Glottic region

Expiratory Trachea region and below

Biphasic (combination of 
inspiratory and expiratory 
stridor)

Glottic
Subglottic region

CT scan of the neck is usually not required before tra-
cheostomy, as securing the airway is more urgent. Howev-
er, since the patient was stable and a long segment of air-
way narrowing was seen in lateral neck X-ray, the CT scan 
neck was performed. CT scan provides a better anatom-
ical description of the injury and helps in surgical plan-
ning. CT scan gives details of the approximate length of 
stenotic segment, narrowest diameter of tracheal lumen, 
distance of upper end of stenotic segment with the true 
cords, whether it is single or multisegmented stenosis and 
level of lower end of stenotic segment. It is important in 
preventing performing tracheostomy through the injury 
site, which may result in intractable bleeding.

Not all of our patients are as fortunate as in this case 
whereby a near-complete resolution is achieved within 
2 weeks with conservative management post-tracheosto-
my. The patient was subsequently treated with IV dexa-
methasone for three days and IV antibiotics for five days 
post-tracheostomy. This may suggest that if the problem is 
actually detected earlier post-extubation and treated con-
servatively with steroids and antibiotics, the patient may 
not require tracheostomy but this is not true for all pa-
tients. Systemic corticosteroid, antibiotic, and closed ob-
servation probably would be sufficient (14). The potential 
benefit of steroids is still open to debate and presumably 
based on its anti-inflammatory actions (15). The antibiot-
ic was started in our case in view of the presence of the 
slough at the posterior commissure which suggest infec-
tion. Some studies suggested that additional anti-inflam-
matory property that presence in certain antibiotic may 
has a beneficial effect on laryngotracheal stenosis (16, 17). 
In contrast, if the diagnosis is further delayed, the patient 
may lose his airway. This situation is very challenging in 
management, which the patient may present with cardi-
orespiratory distress, and tracheostomy may need to be 
performed under local anaesthesia at the ED itself. This 
undoubtedly results in higher mortality and morbidity.

This complication of laryngotracheal stenosis is pre-
ventable. First of all, recognition of patients with risk 
of difficult airway is very crucial. About 10% of patients 
were found to be difficult for intubation (18). Physician 
can anticipate difficult intubation in patients with class 
3 on upper lip bite test, shorter hyo-mental distance of 
<3.0–5.5 cm, retrognathia, obese and modified Mallampati 
score ≥ 3 (18). The mentioned risk factors were not found 
in our case. Senior physician and/or anaesthetic team 
should be alerted immediately when facing difficult intu-
bation. Careful intubation taking into accounts of the ap-
propriate ETT size, using low pressure cuffs and avoiding 
unnecessary trauma, especially in emergency settings, is 
fundamental in preventing laryngotracheal injury. Other 
strategies for intubation of difficult airways include awake 
intubation, video-assisted laryngoscopy, fiberoptic-guid-
ed intubation, using stylets (with/without light) or tube 
changers, and supraglottic airway ventilation for example 
laryngeal mask airway (LMA) (19). Judicious care should 
be carried out through the whole intubation period. It is 
recommended to use soft pressure–high volume ETT and 
regular checking of cuff pressure to maintain the cuff 
pressure around 25 cm H2O (5). Apart from that, managing 
team should optimize patient and try aiming for early ex-
tubation as prolonged intubation is one of the risk factors 
for laryngotracheal stenosis.

CONCLUSION

Intubation related laryngotracheal injuries are ranging 
from mild to potential life-threatening. Stridorous patient 
with history of emergency intubation although duration 
is short should always give a high index of suspicion for 
subglottic and tracheal stenosis. Junior doctors should be 
able to recognize and detect this clinical entity early, and 
manage accordingly. Despite extensive subglottic/tracheal 
stenosis, this case was still manageable with a tracheosto-
my followed by conservative treatments.

LEARNING POINTS

– Physician should have a  high index of suspicion for 
subglottic and/or tracheal stenosis in a case of stridor-
ous patient with a history of emergency intubation.

– Simple imaging such as neck X-ray together with chest 
X-ray helps in establishing the diagnosis of subglottic/
tracheal stenosis as well as ruling out other patholo-
gies.

– Junior doctors should be able to recognize patients with 
difficult intubation, alert their seniors and urgently re-
fer to anesthetic team when facing a difficult intubation.

– The severity of injury during intubation is a more sig-
nificant factor than the duration of intubation in this 
case.

– Some cases of subglottic/tracheal stenosis may be suc-
cessfully managed with a  tracheostomy followed by 
conservative treatments with systemic corticosteroid 
and antibiotic, based on their anti-inflammatory prop-
erty (15–17).
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