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Oral Manifestations of Nutritional Deficiencies: 
Single Centre Analysis

Vladimíra Radochová1,*, Radovan Slezák1, Jakub Radocha2

A B S T R AC T
Introduction: Oral manifestations of deficiency of iron, vitamin B12 and folic acid are thought to be common. Prevalence of these 
deficiencies among patients with compatible symptoms is not well known. The goal of this study was to summarize evidence from a dental 
practice of iron, vitamin B12 and folic acid deficiency in patients presenting with compatible oral manifestations.
Methods: 250 patients who presented with burning mouth syndrome, angular cheilitis, recurrent aphthous stomatitis, papillar atrophy  
of the tongue dorsum or mucosal erythema were identified. Patients underwent clinical examination, and the blood samples were taken.
Results: 250 patients (208 females; 42 males, mean age 44.1 years) with at least one corresponding symptom or sign were identified.  
The nutritional deficiency of one or more nutrients was found in 119 patients (47.6%). Seven times more females than males were noted to 
have one type of deficiency (104 females, 15 males). Iron deficiency as defined was diagnosed in 62 patients (24.8%), vitamin B12 or folic 
acid deficiency in 44 patients (17.6%) and both deficiencies (iron + vitamin B12/folic acid) in 13 patients (5.2%). The only predictive factor 
was gender and only for iron deficiency. The presence of more than one deficiency was noted in 10 patients (4.9%).
Conclusion: The most commonly observed deficiency in dental practice over the course of 11 years was an iron deficiency in the female 
population. Age, diet and reported co-morbidities did not show statistically significant predictable value in recognizing these deficiencies.
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INTRODUCTION

Vitamin and mineral nutritional deficiencies represent 
some of the most frequent disorders worldwide (1). Dental 
practitioners are often some of the first healthcare provid-
ers to observe oral manifestations of burning mouth, mu-
cosal erythema or papillary atrophy of the tongue dorsum. 
The iron, folic acid and vitamin B12 deficiencies represent 
common challenging scenarios in routine dental practice. 
According to the World Health Organization (WHO), iron 
deficiency represents a common medical challenge with 
about 80% of anemias represented by iron deficiency, and 
30% of the world population is at risk of developing iron 
deficiency (2). A vegetarian or vegan diet might influence 
the prevalence of nutrient deficiencies (3).

The clinical signs observed, and symptoms associated 
with oral cavity are often non-specific and may mimic or 
overlap with other types of deficiencies or disorders. The 
most frequently reported oral cavity symptoms of iron, vi-
tamin B12 and folic acid deficiency are pale mucous mem-
branes, erythema, glossitis, recurrent aphthous stomatitis, 
angular cheilitis and oral candidiasis (4, 5). Angular cheilitis 
and glossitis are mentioned as some of the common symp-
toms of iron deficiency (6). However, these two clinical signs 
may represent other pathology. The red beef tongue and 
burning mouth are more often reported to be related to vita-
min B12 deficiency (7). The burning mouth, burning tongue, 
paresthesia and dysesthesia of the oral cavity often repre-
sent non-specific symptoms with nutritional deficiencies 
identified as some of the more common systemic factors (8).

The diagnosis of a nutritional or vitamin deficiency is 
based on patients’ history, physical examination and labo-
ratory findings. When oral signs and symptoms are identi-
fied, iron, vitamin B12 and folic acid deficiencies are com-
monly considered in differential diagnoses. The complete 
blood count, iron storage estimation and levels of vitamin 
B12 and folic acid represent necessary armamentarium 
for examination and development of differential diagno-
ses. These tests and exams are not commonly conducted 
by a general dentist. Furthermore, in large metropolitan 
or medical centre areas, the patient may easily be referred 
to an oral medicine specialist. This is not always possible 
in more rural areas or where there is limited access to an 
oral medicine specialist. 

The goal of this retrospective study was to summarize 
clinical-based evidence from a dental practice of iron, vi-
tamin B12 and folic acid deficiency in patients presenting 
with oral manifestations as an effort to improve health 
care delivery and provide information to help decision 
making and management of care with future patients.

PATIENTS AND METHODS

The patients who were referred to the consultation to the 
Department of Dentistry (tertiary dental clinic) Universi-
ty Hospital Hradec Kralove from January 2007 to Decem-
ber 2018 with one or more clinical symptoms or clinical 
signs were identified. The inclusion criteria for patients 
are summarized in Table 1. Patients with a known diagno-
sis of anemia were excluded from the study.

Tab. 1 Significant clinical signs and symptoms.

Objective signs Subjective symptoms  
and history

glossitis with or without 
atrophic papillae

burning mouth syndrome

generalized or localized mu-
cosal erythema

history of angular cheilitis

angular cheilitis history of recurrent aphthous 
stomatitis 

aphthous stomatitis history of recurrent candidosis
oral candidosis

A  retrospective chart review was conducted of the 
identified patients. The research protocol was approved 
by the institutional review board and ethical committee.

The parameters of interest included: patient age, sex, 
special diets, the initial date of appointment, medical, 
dental, social, and family history; review of medications, 
allergies and medical co-morbidities. Initial intraoral and 
extraoral examination findings at the time of patient pre-
sentation, patient-reported symptoms and signs (Table 2), 
complete blood count with differential leukocyte count, 
vitamin B12 level, folic acid level, ferritin, serum iron and 
total iron-binding capacity, basic chemistry panel espe-
cially liver and kidney function tests, minerals, glucose) 
conducted as a routine practice to exclude potential fre-
quent systemic disease.

Tab. 2 Frequency of specific deficiencies.

N (%)

Total No. Of patients with symptoms  
(in Table 1)

250

Females 208 83.2

Males 42 16.8

Mean age (years)

Females 46.4

Males 51.7

History of systemic disease

Hypothyroidism 20 8.0

Autoimmune disease * 11 4.4

Arterial hypertension 7 2.8

Cancer (breast) 3 1.2

Diabetes mellitus 3 1.2

Other 4 1.6

Nutrient deficient patients

Total number of deficiencies 119 47.6

Iron deficiency 62 24.8

Vitamin B12 and/or folic acid deficiency 44 17.6

Iron deficiency + B12 and/or folic acid 13 5.2

Total number without deficiency 131 52.4

* Includes rheumatoid arthritis, Sjögren syndrome, bronchial asthma.
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The presence of iron deficiency was defined as serum 
ferritin level of less than 20 µg/l. Vitamin B12 deficiency 
was defined as serum levels less than 150 pmol/l and less 
than 9 nmol/l for folic acid deficiency. The latent deficien-
cy was defined as presence of deficiency without anemia 
or other changes in the blood count. It was taken in ac-
count in the same manner as deficiency with anemia.

The continuous parameters of interest were summa-
rized with means, medians, ranges. The categorical param-
eters were summarized with percentages and frequencies. 
Chi-square and Fisher’s exact test was used to evaluate 
comparisons among parameters of interest. Data were 
analyzed using Microsoft Excel 2007 (Microsoft, USA) 
and MedCalc 9.5.2.0 (MedCalc, Belgium). P-values < .05 
were considered statistically significant, and all tests were 
2-sided.

RESULTS

PATIENT DEMOGRAPHICS
A total of 250 patients (208 females; 42 males, mean age 
44.1 years) were identified. No patient was vegetarian or 
vegan. The nutritional deficiency of one or more nutri-
ents was found in 119 patients (47.6%). Seven times more 
females than males were noted to have one type of defi-
ciency (104 females, 15 males). Iron deficiency as defined 
was diagnosed in 62 patients (24.8%), vitamin B12 or folic 
acid deficiency in 44 patients (17.6%) and both deficiencies 
(iron + vitamin B12 and/or folic acid) in 13 patients (5.2%). 
Patients’ characteristics are given in detail in Table 2. Fe-
males were more likely affected by iron deficiency than 
males (p = 0.020). 

CLINICAL SIGNS AND SYMPTOMS
Distribution of each symptom and sign is shown in Table 3, 
and in specific groups of patients with corresponding de-
ficiency is shown in Table 4. Comparison of a  group of 
patients with and without deficiency related to symptom 
frequency is shown in Table 5. Erythema of the mucosa 
was present more frequently in patients with a deficiency 
compared to those without (29.4% versus 10.7%, p < 0.001). 
Angular cheilitis was significantly more associated with 
the presence of deficiency (36.1% with and 17.6% without 

deficiency, p = 0.001). The common clinical sign noted in 
patients with an identified deficiency was papillary at-
rophy regardless of deficiency type (31.9% with and 9.9% 
without deficiency, p < 0.001). Presence of burning mouth 
and recurrent aphthous stomatitis was not significantly 
different among patients with and without deficiency, see 
Table 6 for details.

Tab. 5 Differences in symptoms in patients with and without 
deficiency.

N % p value

Erythema 

Deficiency 35/119 29.4 < 0.001

No deficiency 14/131 10.7

Burning

Deficiency 62/119 52.1 0.981

No deficiency 67/131 56.3

Aphthae

Deficiency 38/119 31.9 0.307

No deficiency 51/131 38.9

Papillar atrophy

Deficiency 38/119 31.9 < 0.001

No deficiency 13/131 9.9

Angular cheilitis

Deficiency 43/119 36.1 0.001

No deficiency 23/131 17.6

Tab. 3 Frequency of symptoms and signs.

Symptom present N (%)

Burning mouth syndrome 129 51.6

Recurrent aphthous stomatitis 89 35.6

Angular cheilitis 66 26.4

Papillar atrophy of tongue dorsum 51 20.4

Erythema 49 19.6

Candidosis 9 3.6

Tab. 4 Symptoms according to deficiency.

Burning % Recurrent 
aphthae

% Angular 
cheilitis

% Erythema % Papillar 
atrophy

% Candidosis %

Overall (N) 129   89   66   49   51   9  

Males 18 14.0 18 20.2 6 9.1 5 10.2 4 7.8 2 22.2

Females 111 86.0 71 79.8 60 90.9 44 89.8 47 92.2 7 77.8

Iron deficiency 34 26.4 25 28.1 29 43.9 19 38.8 28 54.9 3 33.3

B12 deficiency 34 26.4 14 15.7 18 27.3 21 42.9 16 31.4 4 44.4

Folic acid deficiency 6 4.7 5 5.6 3 4.5 5 10.2 3 5.9 2 22.2

None 67 51.9 51 57.3 23 34.8 14 28.6 13 25.5 1 11.1
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Tab. 6 Comparison of symptoms in iron and vitamin B12/folic acid 
deficiency.

N % p value

Burning 0.0002

Iron deficiency 34/62 54.8

B12/folic acid deficiency 40/44 90.9

Papillar atrophy of the tongue dorsum 0.997

Iron deficiency 28/62 45.2

B12/folic acid deficiency 19/44 43.2

Angular cheilitis 0.92

Iron deficiency 29/62 46.8

B12/folic acid deficiency 21/44 47.7

Aphthae 0.924

Iron deficiency 25/62 40.3

B12/folic acid deficiency 19/44 43.2

Erythema 0.007

Iron deficiency 19/62 30.6

B12/folic acid deficiency 26/44 59.1

IRON, VITAMIN B12, FOLIC ACID
The most common deficiency was iron deficiency repre-
senting 52.1% of all pathologies followed by vitamin B12 
and/or folic acid deficiency (36.9%). Both deficiencies 
(iron + vitamin B12 and/or folic acid) represented 10.9% of 
all deficiencies. Anemia in the blood count was found in 
more than half of patients with iron, vitamin B12 or folic 
acid deficiency (n = 61/119, 51.3%).

CLINICAL MANAGEMENT AND FOLLOW UP
Local treatment was advised for patients with candidosis 
(antifungal oral rinses) and topical treatment with hy-
drocortisone, natamycin and neomycin ointment was ad-
vised for patients with angular cheilitis. The patients were 
referred to the general practitioner when the deficiency 
was found. Supplementation of missing nutrient, search 
for the underlying cause was recommended. Patient coun-
selling of such deficiencies was completed together with 
a discussion of their impact on overall health. None of the 
patients whose symptoms were due to nutrient deficiency 
was in need of additional referrals for further follow up to 
our department. Results of supplementation by the gener-
al practitioner are not available.

DISCUSSION

Nutritional deficiencies represent a  significant medical 
challenge even in the contemporary European popula-
tion. Diet habits and socioeconomic status may contrib-
ute to the development of such problems (9). Women are 
generally at higher risk of iron deficiency because of their 
regular iron loss during the menstrual cycle and pregnan-
cy (overall, 58 females with iron deficiency compared to 

only four males in the current study). One of the most 
significant studies by Viñas published in 2011 described 
the prevalence of micronutrient deficiencies in the Euro-
pean population. 21–30% of adult males from Finland and 
adult females from Ireland (both countries with high so-
cial and economic standards) had insufficient vitamin B12 
intake. The prevalence of vitamin B12 deficiency increases 
with age as well. It reached 19% in a Swiss population of 
seniors above 80 years of age (10). Another study from 
Ireland described only 2.7% of vitamin B12 deficiency in 
the adult population (11). Results of our group of folic acid 
and vitamin B12 did not vary in age compared to the group 
without deficiency. Older patients might especially suf-
fer from folic acid deficiency (12). Iron deficiency seems 
to affect a more extensive age range. Children as young 
as 12 to 36 months of age could have up to 11.8% of iron 
deficiency (13). Adolescent children between 12 and 17 
years of age have iron deficiency present in 17.6% across 
Europe (14). Finally, the prevalence of iron deficiency ane-
mia can reach up to 19.9% in the adult European popula-
tion (15). The age of our iron-deficient patients (mean age 
41.9 years) was significantly lower than in those without 
deficiency.

Since the prevalence of  nutritional deficiencies is 
high, their presence is expected to be high as well in the 
general population. The first signs and symptoms of these 
deficiencies do not necessarily need to be anemia and of-
ten manifest themselves in other organ symptoms. Graells 
published a small pivotal study of 4 patients with Hunter 
glossitis and normal blood count. The organ symptoms in 
all 4 patients preceded the development of anemia (16). 
In the presented study, 48.7% of patients (N = 58) had 
a deficiency without any change in the blood count. These 
findings are consistent with the study of Asian popula-
tion where a total of 149 patients with vitamin B12 and 
iron deficiency revealed normal blood counts in 36.2% of 
patients matching almost entirely results from our Czech 
sample (17).

Burning mouth is one of the most frequent signs that 
bring patients to dental medicine clinics. It represents 
a wide variety of diseases ranging from benign to severe 
disorders. The exact etiology of burning mouth syndrome 
cannot be frequently identified (18). Nutrition deficien-
cies and anemia represent the frequent and often revers-
ible cause of burning mouth. Lin et al. described a  de-
crease of hemoglobin in a cohort of 399 Asian patients 
with the burning mouth in 22.3%. 20.3% of these 399 
patients had iron deficiency, 2.5% vitamin B12 deficiency 
and 1.5% folic acid deficiency (19). Very similar findings 
are shown by the current study, where 24.8% of patients 
had an iron deficiency in a  slightly smaller European  
population.

Similarly, our current data showed a more significant 
portion of patients with vitamin B12 and the folic acid de-
ficiency (17.6%). An Italian study showed 11% of vitamin 
B12 and 12.5% of folic acid deficiency in patients with 
burning mouth syndrome (20). There are apparent geo-
graphic differences in the prevalence of each deficiency. 
Even subtle changes in mean cell erythrocyte volume can 
be a sign of deficiency. All patients (100%) with increas-
es mean cell volume had burning mouth in the study by 
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Chang published in 2015. 66.7% of these patients had con-
comitants atrophic glossitis (21).

The oral symptoms are not similar for various defi-
ciencies. While the most frequent symptom (burning 
mouth) is similarly distributed among patients with and 
without underlying deficiency, objective signs differ in 
groups of patients with and without deficiency in our 
cohort of patients. Likewise, the most frequent sign de-
scribed is angular cheilitis (58%) and papillar atrophy of 
the tongue dorsum (42%) in a smaller cohort of patients 
with oral symptoms from 2004 as reported by Lu et al. 
(4). The patients with iron deficiency represented 40% of 
symptomatic patients and vitamin B12 20% (4). Analysis 
of our group revealed one fourth (24%) of patients with 
iron deficiency and 11.7% of patients with vitamin B12 de-
ficiency. Very similar findings were observed in a study by 
Wu et al. (22) The authors described the cohort of iron-de-
ficient patients showing papillar atrophy present in 26.7% 
of patients with iron deficiency compared to 54.9% in our 
group. 

According to Sun et al., patients with papillar atrophy 
more frequently have iron deficiency (26.7%) than vitamin 
B12 deficiency (7.4%) (23). Andrès et al. described atrophic 
glossitis in 62% of hospitalized patients who were found 
to have vitamin B12 deficiency which is more compared 
to our study (43.2%) (24). Recurrent aphthous stomatitis 
is also a frequent finding. Iron deficiency can be identi-
fied in around 20% of patients with aphthous stomatitis 
which is a bit lower than 28.1% in our group (25). Kozlaka 
et al. found that patients with recurrent aphthous stoma-
titis have a lower daily intake of vitamin B12 compared to 
healthy population (26). We observed a very low preva-
lence of oral candidiasis in our group. Recently published 
data by Lu showed the prevalence of oral pseudomem-
branous and erythematous candidiasis around 40% in 
patients in a similar cohort of patients (27). The atrophic 
glossitis can have the very similar clinical picture, and the 
deficiency can be overlooked (28).

Reversal of symptoms by supplementation of missing 
nutrients has been shown to be effective in a  cohort of 
399 patients (18). The burning mouth disappeared within 
5–10 months after supplementation of missing nutrient 
in virtually all affected patients (29). None of our patients 
with revealed deficiency came back with the same symp-
toms after the recommended treatment.

CONCLUSION

Nutritional deficiencies and their symptoms are very fre-
quent and commonly present without corresponding ane-
mia. The most common deficiency identified in our cohort 
was iron deficiency with an expected female predomi-
nance. Other deficiencies were evenly distributed among 
males and females. The diagnosis of the deficiency might 
also lead to the identification of potentially life-threat-
ening underlying diseases and maybe the first guide to 
the correct diagnosis of systemic disease and treatment. 
The dentists should be familiar with the above to identi-
fy the signs and symptoms, forcing the proper evaluation 
adequately.
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Association of XPC Polymorphisms with 
Cutaneous Malignant Melanoma Risk:  
Evidence from a Meta-Analysis

Fatemeh Asadian1, Seyed Mohammadreza Niktabar2,*, Yaser Ghelmani3, Shadi Kargar2, Elahe Akbarian4, 
Seyed Alireza Emarati4, Jalal Sadeghizadeh-Yazdi5, Hossein Neamatzadeh6, 7

A B S T R AC T
Background: A number of studies have reported that the xeroderma pigmentosum complementation group C (XPC) polymorphisms are 
associated with cutaneous malignant melanoma (CMM) susceptibility. But the results of those studies were inconsistent. Here,  
we performed a study to obtain a more conclusive result on the association of XPC polymorphisms with risk of CMM.
Methods: The XPC Lys939Gln and Ala499Val polymorphisms were genotyped in 150 CMM cases and 150 controls by PCR-RFLP assay. 
Subsequently, all published relevant studies were identified through a comprehensive literature search in PubMed, Web of Science, and CNKI 
databases. Odds ratios (ORs) and 95% confidence intervals (CIs) were calculated to estimate the strength of correlation.
Results: There was no significant association between XPC Lys939Gln and Ala499Val polymorphisms and CMM risk in our population. A total 
of 15 case-control studies including ten studies with 5,990 cases and 7,697 controls on XPC Lys939Gln and five studies with 3,139 cases and 
3,721 controls on XPC Ala499Val polymorphism were selected. Pooled data revealed that XPC Lys939Gln (C vs. A: OR = 1.108, 95% CI 1.008–
1.217; P = 0.033) and Ala499Val (C vs. A: OR = 0.918, 95% CI 0.850–0.992; p = 0.031; CC+CA vs. AA: OR = 0.904, 95% CI 0.819–0.997; p = 0.043) 
polymorphisms were significantly associated with an increased risk of CMM. Moreover, stratified analyses by ethnicity revealed that the XPC 
Ala499Val and Lys939Gln polymorphisms were significantly associated with risk of CMM in Caucasians and mixed populations, respectively.
Conclusions: This meta-analysis result suggested that XPC Lys939Gln and Ala499Val polymorphisms were significantly associated with risk 
of CMM.
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INTRODUCTION

Cutaneous malignant melanoma (CMM) is an aggressive 
tumor of melanocytes in skin with rapidly increasing inci-
dence causing a major public health problem (1). CMM re-
sponsible for less than 5% of all skin cancers but over 75% 
of skin cancer related deaths (2–4). Its incidence varies 
dramatically between different ethnicities (3, 4). Analysis 
of the data from 29 countries suggested that Australia and 
New Zealand has by far the greatest incidence, illustrating 
the connection between white populations near the equa-
tor and CMM (4). There are numerous risk factors such as 
age, fair skin type, family history of CMM and presence of 
many or large nevi identified for developing CMM (5). It is 
firmly established that around 8–12% of CMM cases have 
a family history of CMM (6). UV-light is the most important 
cause, and the incidence of CMM in individuals with a sus-
ceptible skin type increases with proximity to the equator 
(7). Despite several decades of research on CMM, both eti-
ology and pathogenesis of this disease is still unknown.

The etiology of CMM is likely to be multifactorial, in-
volving UV exposure and genetic predisposition (6–8). The 
nucleotide excision repair (NER) is a versatile system that 
repairs a wide variety of DNA damage, including UV pho-
toproducts (9). Thus, genetic mutations of NER proteins 
may be the natural candidate for development of CMM in 
association studies (10). There are at least eight core NER 
proteins participating in the pathway, and mutations in 
their genes may alter NER functions (11). The xeroderma 
pigmentosum complementation group C (XPC) is one of 
the key members in the NER pathway (10, 12). The XPC 
protein can form a XPC-RAD23B complex with RAD23B, 
which involved in global genome repair and works as the 
earliest damage detector to initiate the NER pathway. In 
addition, XPC may also possess some functions in base ex-
cision repair (BER) via attenuation with thymine DNA gly-
cosylate and the human 8-oxoguanine DNA N-glycosylase 1 
(hOGG1) (13, 14). Mutation in this gene can lead to Xeroder-
ma pigmentosum (XP), a rare autosomal recessive disorder 
characterized by extreme UV-sensitivity (15).

The human XPC gene is located on chromosome 3p25.1, 
consists of 16 exons, and encodes a 940 amino acid protein 
(16). To date, at least 102 coding-region single nucleotide 
polymorphisms (SNPs) in the XPC gene have been identi-
fied, among which two common SNPs including Lys939Gln 
(rs2228001) in exon15 and Ala499Val (rs2228000) in exon 
8 most frequently studied in CMM (16, 17). Moreover, it 
has been shown that XPC Lys939Gln and Ala499Val pol-
ymorphisms may be a risk factor in various cancers such 
as bladder cancer, prostate cancer, lung cancer, head and 
neck cancer and digestive system cancer (18–20). Over 
the last decade, several epidemiological studies evalu-
ated association of XPC Lys939Gln and Ala499Val poly-
morphisms with risk of CMM. However, the associations 
remain controversial in susceptibility to CMM, partially 
because of a possible weak effect of the polymorphisms 
on CMM risk, ethnicity, sample size, study design, and also 
using different genotyping methods. Hence, we performed 
a meta-analysis to derive a relatively comprehensive as-
sessment of the association between XPC Lys939Gln and 
Ala499Val polymorphisms and CMM risk.

MATERIALS AND METHODS

CASE-CONTROL STUDY

Study Population
The melanoma patient group consisted of 714 unselected 
participants, 451 women (mean age, 63 years) and 263 men 
(mean age, 65.5 years) from Poland.

The melanoma patient group consisted of 714 unse-
lected participants, 451 women (mean age, 63 years) and 
263 men (mean age, 65.5 years) from Poland.

A total of 150 cases diagnosed with CMM consisted of 
150 participants included 83 women (mean age, 61 years) 
and 67 men (mean age, 63 years) were enrolled from cen-
tral cities of Iran. All cases had undergone surgical treat-
ment for primary (54%) or metastatic melanoma (56%) 
between June 2015 and July 2017. In addition, 150 age and 
sex matched, unrelated healthy subjects without cancer 
family history (first- and second-degree relatives) were 
recruited after dermatological examination form same 
cities. All participants were Persian. The study was ap-
proved by the Medical Research Ethics Committee and the 
written informed consent was obtained from the study 
participants.

SNPs Genotyping
DNA samples were obtained from peripheral blood of 
CMM cases and healthy subjects using the Qiagen Blood 
DNA Mini Kit (QIAGEN, Venlo, Netherlands) according 
to the instructions of the manufacturer. DNA was dilut-
ed to 50 ng/μL concentration and was stored at −70 °C 
until genotyping. Genotype analyses of XPC Lys939Gln 
and Ala499Val polymorphisms were performed by poly-
merase chain reaction–restriction fragment length 
polymorphism (PCR-RFLP) assay as described previ-
ously. Primer sequences were: XPC Lys939Gln, 5́-ACCT-
GTCCAGAGTGAGGCAG-3́ (forward) and 5́-TCAAAG-
GGTGAGTGGGCTTT-3́ (reverse), and XPC Ala499 Val, 
5́-TGGCCTCCAGGGTGTCTTAT-3́ (forward) and 5́-ACT-
GTCAATGCCCACCACAT-3́ (reverse). PCR amplification 
conditions included denaturation at 95 °C for 5 minutes, 
followed by 35 cycles of denaturation at 95 °C for 30 sec-
onds, annealing at 67 °C for 30 seconds, polymerization at 
72 °C for 40 seconds, and a final stage of polymerization at 
72 °C for 7 minutes. The PCR products were then digested 
with restriction endonucleases. For XPC Lys939Gln, the 
PCR products were with one unit of PvuII and AciI re-
striction enzymes for XPC Lys939Gln and Ala499Val over-
night at 37 °C, respectively. DNA fragments were resolved 
on 3% agarose gels and stained with ethidium bromide. 
A difference between cases and controls regarding alleles 
and genotypes of XPC Lys939Gln and Ala499Val polymor-
phisms was analyzed by Chi-square test. Goodness-of-fit 
χ2 test was performed to test whether the genotype fre-
quency distribution of each polymorphism in controls 
was in Hardy-Weinberg equilibrium (HWE). All statisti-
cal analysis was performed using SPSS version 20.0 (SPSS 
Inc., Chicago, IL, USA). A two-sided statistical significance 
level of 0.05 was chosen.



XPC Polymorphisms and Cutaneous Melanoma 103

META-ANALYSIS

Search Strategy
This meta-analysis conformed to the Preferred Reporting 
Items for Systematic Reviews and Meta-analyses (PRIS-
MA) criteria. Eligible studies were identified through 
computer-aided literature searching in PubMed, EMBASE, 
Web of Science, Science Direct, Scopus, Cochrane Library 
database, Springer Link, Chinese Biomedical Database 
(CBD), China National Knowledge Infrastructure (CNKI), 
VIP, SID, Wanfang and Chinese Biomedical database up to 
September 25, 2019. The following terms and keywords 
were used for this search: (“Skin Cancer” OR “Melanoma” 
OR “Cutaneous Melanoma” OR “Malignant Melanoma” OR 
“Cutaneous Malignant Melanoma”) AND (“Xeroderma pig-
mentosum’’ OR “Complementation Group C” OR “XPC”) 
AND (“Lys939Gln” OR “rs2228001”) OR (“Ala499Val OR 
“rs2228000”) AND (“Gene” OR “Polymorphism” OR “SNPs” 
OR “Mutation” OR “Variation” OR “Allele”). We also includ-
ed additional studies by a hands-on search of references 
of original studies. Of the studies with the same or over-
lapping data, the most recent ones with the most subjects 
were selected.

Selection Criteria
The inclusion criteria of studies in the meta-analysis were 
defined as follows: 1) original and published data; 2) studies 
with case-control or cohort design; 3) evaluates the asso-
ciations of XPC Lys939Gln and Ala499Val polymorphisms 
with CMM risk; 4) provides sufficient data for calculation 
of odds ratio (OR) with 95% confidence interval (CI). In ad-
dition, the following exclusion criteria were used: 1) none-
case control studies; 2) no usable data reported; 3) case 
only studies (without controls); 4) linkage studies, twins, 
sibling and other family based studies; 5) animal studies; 
6) abstracts, case reports, posters, editorials, reviews, con-
ference articles and previous meta-analyses; and 7) dupli-
cated publications and repeated literatures.

Data Extraction
Two authors independently evaluated the articles for com-
pliance with our inclusion criteria and data was carefully 
extracted from all eligible studies. Any potential disagree-
ments were resolved by discussion until consensus was 
reached. The following data were extracted from each 
study: first author name, publication year, country of or-
igin, ethnicity, source of controls, genotyping methods, 
genotype distribution of XPC Lys939Gln and Ala499Val 
polymorphisms in CMM cases and controls, minor al-
lele frequencies (MAFs) in control groups, and result of 
HWE test in control subjects. Diverse ethnicity descents 
were categorized as Asian, Caucasian, and African. In the 
case of multiple studies by the same authors with overlap-
ping data, the most recent published study with the larg-
est number of participants was included in the current 
meta-analysis.

STATISTICAL ANALYSIS
The strength of the association between XPC Lys939Gln 
and Ala499Val polymorphisms and risk of CMM was 
measured by odd ratios (ORs) with 95% confidence in-
tervals (CIs). Z-test was carried out to evaluate the sta-
tistical significance of pooled ORs. The pooled ORs were 
performed under the following five genetic models: allele 
model (B vs. A), homozygote model (BB vs. AA), heterozy-
gote model (BA vs. AA), dominant model (BA+BB vs. AA) 
and recessive model (BB vs. BA+AA). The heterogeneity 
between studies was assessed with the chi-squared based 
Q-test and I2 statistics. A significant p value ( < 0.10) was 
used to indicate heterogeneity among studies. Moreover, 
a high value of I2 indicated a higher probability of the ex-
istence of heterogeneity (I2 = 0% to 25%, no heterogene-
ity; I2 = 25% to 50%, moderate heterogeneity; I2 = 50% to 
75%, large heterogeneity; and I2 = 75% to 100%, extreme 
heterogeneity). When between-study heterogeneity was 
found a random-effects model was performed; otherwise, 
a fixed-effects model (Mantel-Haenszel method) was ac-
cepted. Stratification and meta-regression analyses were 
used to detect the potential heterogeneity among studies. 
HWE of genotype distribution in the controls of included 
studies was conducted using an online program (http://
ihg2.helmholtz-muenchen.de/cgi-bin/hw/hwa1.pl), and 
P < 0.05 was considered significantly deviating from HWE. 
To validate the reliability and stability of the results, sen-
sitivity analysis was performed with a single study in the 
meta-analysis being deleted each time to reflect the influ-
ence of the individual data set on the pooled OR, as well 
as limiting this meta-analysis to studies which were con-
formed to HWE. Publication bias was assessed by Begg’s 
test and Egger’s test. The funnel plot was employed to ex-
amine the publication bias. Egger’s regression analysis was 
used for reevaluation of publication bias. The significance 
of the intercept was determined by the t test suggested by 
Egger, with p < 0.10 considered representative of statisti-
cally significant publication bias. Funnel plots and Egger’s 
linear regression tests were used to provide a diagnosis of 
the potential publication bias. In the presence of a bias, we 
utilized the Duval and Tweedie non-parametric ‘‘trim and 
fill’’ methods to adjust results. All of the statistical calcula-
tions were performed using Comprehensive Meta-Analy-
sis (CMA) software version 2.0 (Biostat, USA). Two-sided 
P-values < 0.05 were considered statistically significant.

RESULTS

CASE-CONTROL STUDY
In this case-control study, a total of 300 samples includ-
ing 150 patients diagnosed with CMM and 150 controls 
were recruited. Age and gender did not show a statistical-
ly different distribution between cases and controls. All 
observed genotype frequencies of the XPC Lys939Gln and 
Ala499Val polymorphisms in the control group were in ac-
cordance with the HWE (p = 0.492 and p = 0.698, respec-
tively). Distribution of XPC Lys939Gln and Ala499Val pol-
ymorphisms in melanoma cases and controls are shown 
in Table 1. The frequencies of XPC Lys939Gln polymor-
phism AA, AC, and CC genotypes in patients were 28.7%, 
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50.0%, and 21.3%, respectively, which were similar to those 
in the control (28.1%, 53.3% and 18.6%, respectively). For 
XPC Ala499Val polymorphism GG, GA and AA genotypes 
were found in 27.3%, 48.0% and 24.7% cases, respectively. 
In control group, GG, GA and AA genotypes were found in 
31.3%, 46.0% and 22.7%, respectively. The chi-square test 
results showed that there was no significant difference 
between the genotypic frequencies of XPC Lys939Gln and 
Ala499Val polymorphisms between CMM cases and con-
trols (Table 1).

META-ANALYSIS
Figure 1 shows the flowchart of literature search and selec-
tion process. Based on the search criteria, 117 individual 
literatures were found. After screening the titles and ab-
stracts, 45 publications were excluded. Therefore, 83 full 
text publications were preliminarily identified for further 
detailed evaluation. Subsequently, 68 studies were exclud-
ed: were not relevant to the XPC Lys939Gln and Ala499Val 
polymorphisms on CMM risk, not presenting sufficient 
data of genotype for calculating OR and 95% CI, reviews, 
previous meta-analyses, and case reports. Finally, a total 
of 15 case-control studies including ten case-control stud-
ies with 5,990 cases and 7,697 controls on XPC Lys939Gln 
polymorphism and five case-control studies with 3,139 
cases and 3,721 controls on XPC Ala499Val polymorphism 
were selected (10, 21–28). The baseline characteristics 
of the included studies are shown in Table 2. The main 
characteristics of the studies were presented in Table 2. 

All included studies were published between 2005 and 
2013. The studies have been carried out in Germany, USA, 
Brazil, Spain, Poland, and Iran. As for ethnicity, eleven 
studies were conducted among Caucasians, two studies 
among Asians, two studies among Africans. Four differ-
ent genotyping approaches were applied by the selected 
studies including: PCR-RFLP, TaqMan, Illumina Golden-
Gate Assay, and Sequenom. The genotype and minor al-
lele frequency (MAF) distributions in the studies consid-
ered in the present meta-analysis are shown in Table 2. 
Moreover, the distribution of genotypes in the controls 
was in agreement with HWE for all selected studies, ex-
cept for one study (23) on XPC Lys939Gln polymorphism  
(Table 2).

QUANTITATIVE DATA SYNTHESIS

XPC Lys939Gln Polymorphism
Table 3 listed the main results of the meta-analysis of XPC 
Lys939Gln polymorphism and CMM risk. Overall, after 
the ten case-control studies were pooled into meta-anal-
ysis, there was a significant association between XPC Lys-
939Gln polymorphism and risk of CMM under the reces-
sive model (CC vs. CA+AA: OR = 1.108, 95% CI 1.008–1.217; 
P = 0.033, Fig. 2A). The studies were further stratified by 
ethnicity and genotyping methods. Subgroup analysis by 
ethnicity showed that there was a significant association 
between XPC Lys939Gln polymorphism and CMM risk in 
mixed populations under all five genetic model, i.e., allele 

Tab. 1 Distribution of XPC gene polymorphisms in CMM cases and controls.

Polymorphism Cases (n = 150) Control (n = 150) OR (95% CI) p-value

XPC Lys939Gln

Genotypes

AA 55 (28.7%) 49(28.0%) Ref.

AC 69 (50.0%) 77(53.3%) 0.808 (0.513–1.271) 0.356

CC 26 (21.3%) 24 (18.7%) 1.101 (0.600–2.021) 0.757

Allele

A 179 (53.7%) 175 (54.7%) Ref.

C 121 (46.3%) 125 (45.3%) 0.946 (0.683–1.310) 0.740

XPC Ala499Val

Genotypes

GG 80 (27.3%) 79 (31.3%) Ref.

GA 57 (48.0%) 61 (46.0%) 0.894 (0.563–1.422) 0.636

AA 13 (24.7%) 10 (22.7%) 1.328 (0.564–3.131) 0.516

Allele

G 217 (51.3%) 219 (54.3%) Ref.

A 83 (48.7%) 81 (46.7%) 1.034 (0.722–1.481) 0.855

OR: Odds Ratio; CI: Confidence Interval
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Tab. 2 Characteristics of studies included in the meta-analysis.

First Au-
thor/ 
Year

Country
(Ethnicity)

SOC Genotyping
Technique

Case/ 
Control

Cases Controls MAFs HWE

Genotypes Allele Genotypes Allele

XPC Lys939Gln AA AC CC A C AA AC CC A C

Blankenburg  
2005

Germany  
(Caucasian)

PB PCR-RFLP 294/373 113 128 53 354 234 138 185 50 461 285 0.382 0.330

Li  
2006

USA 
(Caucasian)

PB PCR-RFLP 602/603 223 281 98 727 477 195 311 97 701 505 0.418 0.144

Millikan  
2006

USA 
(Caucasian)

PB TaqMan 1209/2439 409 580 220 1398 1020 785 1252 402 2822 2056 0.421  ≤ 
0.001

Figl  
2010

Germany 
(Caucasian)

PB TaqMan 1185/1273 420 568 197 1408 962 460 597 216 1517 1029 0.404 0.348

Goncalves  
2011

Brazil 
(Mixed)

HB PCR-RFLP 192/205 61 93 38 215 169 102 85 21 289 127 0.305 0.597

Ibarrola- 
Villava 2011

Spain 
(Caucasian)

PB TaqMan 684/406 281 289 114 851 517 154 198 54 506 306 0.376 0.439

Paszkowska- 
Szczur 2013

Poland 
(Caucasian)

PB Sequenom 635/1336 227 314 94 768 502 480 647 209 1607 1065 0.398 0.711

Oliveira  
2013

Brazil 
(Mixed)

HB PCR-RFLP 146/146 59 65 22 183 109 64 72 10 200 92 0.315 0.084

Torres  
2013

USA 
(Caucasian)

PB IGGA 893/766 304 451 138 1059 727 273 382 111 928 604 0.394 0.222

Present 
study

Iran 
(Asian)

PB PCR-RFLP 150/150 55 69 26 179 121 49 77 24 175 125 0.416 0.492

XPC Ala499Val CC CT TT C T CC CT TT C T

Li 2006 USA 
(Caucasian)

PB PCR-RFLP 602/603 338 214 50  890 314 318 248 37 881 322 0.267 0.212

Figl 2010 Germany 
(Caucasian)

PB TaqMan 1184/1274 626 477 81 1729 639 670 516 88 1856 692 0.271 0.397

Ibarrola- 
Villava 2011

Spain 
(Caucasian)

PB TaqMan 684/406 408 227 49 1043 325 225 158 23 608 204 0.251 0.488

Paszkowska- 
Szczur 2013

Poland 
(Caucasian)

PB Sequenom 519/1288 245 240 34 730 308 548 563 177 1659 917 0.356 0.093

Present 
study

Iran  
(Asian)

PB PCR-RFLP 150/150 80 57 13 217 83 79 61 10 219 81 0.270 0.698

SOC: source of control; PB: Population based; HB: hospital based; IGGA: Illumina GoldenGate Assay; PCR-RFLP: restriction fragment length polymorphism; 
MAF: minor allele frequency; HWE: Hardy-Weinberg Equilibrium.

(C vs. A: OR = 1.543, 95% CI 1.237–1.926, P ≤ 0.001), homozy-
gote (CC vs. AA: OR = 2.778, 95% CI 1.691–4.563, P ≤ 0.001), 
heterozygote (CA vs. AA: OR = 1.389, 95% CI 1.005–1.920, 
P = 0.046), dominant (CC+CA vs. AA: OR = 1.574, 95% CI 
0.158–2.140, P = 0.004), and recessive (CC vs. CA+AA: 
OR = 2.246, 95% CI 1.413–3.572, P = 0.001), but not in Cau-
casians. Moreover, in the PCR-RFLP group, significantly 
increased association between XPC Lys939Gln polymor-
phism and CMM risk was found under the recessive model 
(TT vs. TC+CC: OR = 1.297, 95% CI 1.056–1.594, P = 0.013). 
However, no significant association was found in the 
TaqMan group (Table 3).

XPC Ala499Val Polymorphism
Table 4 listed the main results of the meta-analysis of XPC 
Ala499Val polymorphism and CMM risk. When all the el-
igible studies were pooled into the meta-analysis of XPC 
Ala499Val polymorphism was significantly increased risk 
of CMM was found under two genetic models i.e., allele  
(T vs. C: OR = 0.918, 95% CI 0.850-0.992; P = 0.031, Fig 2B) 
and dominant (TT+TC vs. CC: OR = 0.904, 95% CI 0.819-
0.997; P = 0.043). When stratified by ethnicity and gen-
otyping method, no significant association was found in 
Caucasians and subgroup analysis by genotyping tech-
nique in PCR-RFLP and TaqMan subgroups (Table 4).
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NEITY AND SENSITIVITY ANALYSIS
As shown in Table 3, significant between-study hetero-
geneity appeared under four genetic models except un-
der recessive model for overall analysis, thus, we have 
utilized a  random-effect model to calculate the pooled 
estimates. Moderate between-study heterogeneity were 
observed in the overall analysis evaluating the association 
between XPC Lys939Gln polymorphism and CMM under 
four genetic models, i.e., allele (I2 = 50.18% and PH = 0.034), 
homozygote (I2 = 48.81% and PH = 0.040), heterozygote 
(I2 = 64.42% and PH = 0.003), and dominant (I2 = 48.78% 
and PH = 0.040). To the XPC Ala499Val polymorphism, 
a significant between-study heterogeneity were observed 
among overall studies in the two genetic models, i.e., 
the homozygote model (I2 = 47.33% and PH = 0.002) and 

recessive model (I2 = 80.15% and PH ≤ 0.001). In addition, 
we have performed leave-one-out sensitivity analysis val-
idated the stability of results that no single study changed 
the pooled ORs qualitatively (data not shown). However, 
the pooled ORs of XPC Lys939Gln and Ala499Val polymor-
phisms were not influenced by sequentially removing in-
dividual studies, suggesting that the included studies to 
this meta-analysis were statistically accurate.

PUBLICATION BIAS
We have used both Begg’s funnel plot and Egger’s test to 
assess the publication bias of literatures. The results of 
Egger’s regression test and relative asymmetry of funnel 
plot provided sufficient evidence for publication bias for 

Tab. 3 Summary of meta-analysis for the association of XPC Lys939Gln polymorphism with risk of CMM.

Subgroup Genetic Model Type  
of Model

Heterogeneity Odds Ratio Publication Bias

I2 (%) PH OR 95% CI Ztest POR PBeggs PEggers

Overall C vs. A Random 50.18 0.034 1.040 0.963–1.123 1.010 0.312 0.152 0.124

CC vs. AA Random 48.81 0.040 1.127 0.961–1.322 1.472 0.141 0.107 0.046

CA vs. AA Random 64.42 0.003 0.934 0.812–1.074 –0.955 0.339 0.591 0.650

CC+CA vs. AA Random 48.78 0.040 0.998 0.895–1.113 –0.039 0.969 0.720 0.417

CC vs. CA+AA Fixed 7.78 0.107 1.108 1.008–1.217 2.128 0.033 0.049 0.024

Ethnicity

Caucasians C vs. A Fixed 0.00 0.897 1.002 0.951–1.055 0.069 0.945 0.763 0.923

CC vs. AA Fixed 0.00 0.839 1.035 0.929–1.153 0.630 0.529 0.367 0.450

CA vs. AA Fixed 18.60 0.288 0.939 0.867–1.016 –1.563 0.118 0.548 0.359

CC+CA vs. AA Fixed 0.00 0.581 0.962 0.893–1.037 –1.006 0.315 0.763 0.497

CC vs. CA+AA Fixed 0.00 0.531 1.074 0.974–1.984 1.433 0.152 0.229 0.321

Genotyping

Mixed C vs. A Fixed 42.50 0.187 1.543 1.237–1.926 3.840  ≤ 0.001 NA NA

CC vs. AA Fixed 0.00 0.653 2.778 1.691–4.563 4.036  ≤ 0.001 NA NA

CA vs. AA Fixed 71.69 0.060 1.389 1.005–1.920 1.991 0.046 NA NA

CC+CA vs. AA Fixed 67.64 0.079 1.574 0.158–2.140 2.895 0.004 NA NA

CC vs. CA+AA Fixed 0.00 0.825 2.246 1.413–3.572 3.420 0.001 NA NA

PCR–RFLP C vs. A Random 75.85 0.002 1.143 0.906–1.442 1.130 0.259 0.462 0.255

CC vs. AA Random 72.84 0.005 1.441 0.901–2.305 1.524 0.127 0.462 0.185

CA vs. AA Random 79.46 0.001 0.876 0.595–1.291 –0.667 0.504 1.000 0.995

CC+CA vs. AA Random 73.47 0.005 1.065 0.777–1.461 0.339 0.694 0.806 0.346

CC vs. CA+AA Fixed 52.18 0.079 1.297 1.056–1.594 2.482 0.013 0.462 0.125

TaqMan C vs. A Fixed 0.00 0.996 1.000 0.941–1.064 0.013 0.990 1.000 0.796

CC vs. AA Fixed 0.00 0.861 1.026 0.903–1.166 0.398 0.691 1.000 0.727

CA vs. AA Fixed 22.90 0.273 0.947 0.861–1.041 –1.130 0.258 0.734 0.732

CC+CA vs. AA Fixed 0.00 0.654 0.967 0.884–1.057 –0.745 0.456 0.734 0.743

CC vs. CA+AA Fixed 6.609 0.360 1.059 0.944–1.189 0.979 0.328 1.000 0.800

NA: Not Applicable
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XPC Lys939Gln in the homozygote model (PBegg’s = 0.107,  
PEggers = 0.046, Fig. 3A) and the recessive model (PBegg’s = 0.049,  
PEggers = 0.024, Fig. 3B), suggesting that there was obvious 
publication bias in the genetic contrast. Therefore, we 
have performed the Duval and Tweedie nonparametric 
“trim and fill” method to adjust for publication bias. The 
“trim and fill” method did not change conclusion, indicat-
ing the results were statistically robust. Moreover, there 
was no publication bias of literatures for XPC Lys939Gln 
polymorphism by subgroup analyses (Table 3). To the XPC 
Ala499Val polymorphism, the shapes of the funnel plots 
and Egger’s test revealed no obvious asymmetry for asso-
ciation in the overall and by subgroup analyses (Table 3).

MINOR ALLELE FREQUENCIES (MAFS)
The minor allele frequencies (MAFs) of the XPC Lys939Gln 
and Ala499Val polymorphisms by ethnicity are present-
ed in Tables 2. The XPC 939Gln allele frequencies in the 
overall, Caucasian and mixed populations were 36.30% 

(30.50–42.10%), 39.85% (37.60–42.10%), and 31.0% (30.50–
31.50%), respectively. The XPC 499Val allele frequency in 
the overall population was 30.35% (25.10–35.60%). There-
fore, the frequencies of the XPC 939Gln allele in Cauca-
sians were greater than overall and mixed populations.

DISCUSSION

Our case-control study showed that there was no a signif-
icant association between XPC Lys939Gln and Ala499Val 
polymorphisms and an increased risk of CMM in our pop-
ulation. One limitation was the relatively small sample 
size to establish an association between polymorphisms 
at XPC gene and risk of CMM. Similarly, three studies by 
Ibarrola‐Villava et al., Li et al., and Blankenburg et al., with 
large sample size did not find an association between the 
XPC Val499Ala polymorphism on melanoma risk (21, 22, 
26). However, Paszkowska-Szczur et al., in case-control 
study with 714 unselected melanoma patients and 1,841 

Tab. 4 Summary of meta–analysis for the association of XPC Ala499Val polymorphism with risk of CMM.

Subgroup Genetic Model Type  
of Model

Heterogeneity Odds Ratio Publication Bias

I2 (%) PH OR 95% CI Ztest POR PBeggs PEggers

Overall T vs. C Fixed 47.33 0.108 0.918 0.850–0.992 –2.157 0.031 1.000 0.865

TT vs. CC Random 77.08 0.002 0.926 0.598–1.434 –0.346 0.729 1.000 0.646

TT vs. CC Fixed 0.00 0.535 0.911 0.822–1.009 –1.786 0.074 0.220 0.426

TT+TC vs. CC Fixed 0.00 0.652 0.904 0.819–0.997 –2.028 0.043 1.000 0.657

TT vs. TC+CC Random 80.15 ≤ 0.001 0.973 0.616–1.536 –0.117 0.906 0.806 0.590

Ethnicity

Caucasians T vs. C Fixed 58.07 0.067 0.913 0.844–0.988 –2.249 0.024 0.734 0.816

TT vs. CC Random 82.03 0.001 0.882 0.541–1.439 –0.502 0.616 0.734 0.800

TT vs. CC Fixed 4.27 0.371 0.910 0.820–1.011 –1.756 0.079 0.089 0.077

TT+TC vs. CC Fixed 0.00 0.503 0.900 0.814–0.995 –2.051 0.040 0.734 0.135

TT vs. TC+CC Random 84.49  ≤ 0.001 0.927 0.555–1.547 –0.289 0.772 0.734 0.704

Genotyping

PCR–RFLP T vs. C Fixed 0.00 0.750 0.980 0.835–1.154 –0.226 0.821 NA NA

TT vs. CC Fixed 0.00 0.985 1.274 0.852–1.904 1.180 0.238 NA NA

TT vs. CC Fixed 0.00 0.638 0.833 0.673–1.031 –1.680 0.093 NA NA

TT+TC vs. CC Fixed 0.00 0.669 0.891 0.727–1.091 –1.114 0.265 NA NA

TT vs. TC+CC Fixed 0.00 0.932 1.373 0.928–2.033 1.586 0.113 NA NA

TaqMan T vs. C Fixed 0.00 0.591 0.973 0.875–1.083 –0.497 0.619 NA NA

TT vs. CC Fixed 0.00 0.573 1.034 0.787–1.359 0.240 0.811 NA NA

TT vs. CC Fixed 49.84 0.158 0.928 0.807–1.067 –1.047 0.295 NA NA

TT+TC vs. CC Fixed 13.93 0.281 0.943 0.826–1.078 –0.854 0.393 NA NA

TT vs. TC+CC Fixed 0.00 0.393 1.603 0.814–1.388 0.446 0.656 NA NA

NA: Not Applicable.
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controls demonstrated that XPC Val499Ala polymorphism 
at XPC gene is associated with melanoma susceptibility in 
the polish population, but not XPC Lys939Gln polymor-
phism (10).

In the present meta-analysis, a total of ten studies with 
5,990 cases and 7,697 controls were retrieved on XPC Lys-
939Gln polymorphism. Our pooled analysis showed that 
the XPC Lys939Gln polymorphism was significantly asso-
ciated with increased risk of CMM. Our results were in-
consistent with the previous meta-analyses showed that 
the XPC Lys939Gln polymorphism might be associated 
with risk of CMM. In 2013, Zhou et al., in a meta-analy-
sis of seven studies (with 3,971 cases and 5,873 controls) 
have reported that the XPC Lys939Gln polymorphism was 
not significantly associated with CMM risk under all five 

genetic models (29). Jiang et al., in a more recently pub-
lished meta-analysis with eight studies of 4,631 cases and 
5,111 controls have found also negative results (30). The 
current meta-analysis has a number of strengths when 
compared to the previous meta-analyses. We have eval-
uated the association of XPC Lys939Gln polymorphism 
with CMM with the largest sample size to date. We ex-
panded sample size by adding two more studies and our 
case-control study data and improved statistical power to 
derive a more precise risk estimate for the associations. 
Remarkably, the both previous meta-analyses did not re-
port the significant association between XPC Lys939Gln 
and risk of CMM. Therefore, the positive results of the 
current meta-analysis might have been caused by large 
sample size. 

Fig. 1 Flowchart of literature search and selection process.
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The XPC Ala499Val polymorphism is one of the more 
widely studied SNPs in the XPC gene involving a substitu-
tion of alanine for valine (31). Mutations of the XPC genes 
may increase malignancy susceptibility by causing a se-
vere depression of NER and consequently altering DNA 
repair activity (32). However, the exact consequences of 
the Ala499Val substitution on protein function or struc-
ture not well established (33). In the current meta-analysis 
based on five case-control studies with 3,139 CMM cases 
and 3,721 controls we evaluated the association of XPC 
Ala499Val polymorphism with CMM. Overall, we found 
that there was a  significant association between XPC 
Ala499Val and increased risk of CMM under two genetic 
models i.e., allele (T vs. C: OR = 0.918, 95% CI 0.850–0.992; 
P = 0.031) and dominant (TT+TC vs. CC: OR = 0.904, 95% 
CI 0.819–0.997; P = 0.043). In recent years, several me-
ta-analyses have investigated the role XPC Ala499Val in 
susceptibility to different human malignancies. Interest-
ingly, those meta-analyses results showed that the XPC 
Ala499Val polymorphism was not associated with in-
creased risk of most tumors including breast, colorectal, 
gastric, and lung. However, their results demonstrated 
that the XPC Ala499Val polymorphism may contribute to 
susceptibility to bladder cancer, especially among Cauca-
sians (33, 34). Moreover, our pooled results showed that 

this polymorphism is significantly associated with risk  
of CMM.

Between-study heterogeneity is a potential problem in 
genetic association meta-analysis studies that may affect 
the interpretation of the pooled results (35–37). It may be 
due to various factors, such as diversity in the population 
characteristics (ethnicity, age, and sun exposure), differ-
ences in the number of cases and controls, diverse geno-
type distribution of XPC gene polymorphisms in different 
ethnicities, using different genotyping methods and study 
design (38–41). In the present meta-analysis we found rel-
atively high heterogeneity in overall analysis. However, af-
ter subgroup analyses by ethnicity, source of controls and 
genotyping method, the between studies heterogeneity 
was removed or significantly decreased. Thus, subgroup 
analyses showed that the origin of the heterogeneity 
among the studies was ethnicity and genotyping methods.

The current meta-analysis has some advantages. First, 
to the best of our knowledge, this was the first meta-anal-
ysis to evaluate the association between XPC Ala499Val 
polymorphism and CMM risk. Second, in the current 
meta-analysis, more studies were included than previous 
meta-analyses on XPC Lys939Gln polymorphism associa-
tion with CMM. Third, we have performed sensitive anal-
ysis by excluding studies deviating from HWE, due that 

Fig. 2 Forest plots for association between XPC Lys939Gln and Ala499Val polymorphisms and CM risk. A: XPC Lys939Gln (recessive model: 
CC vs. CA+AA); B: XPC Ala499Val (allele model: T vs. C).
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deviations from HWE in healthy subjects may be a sign 
of selection bias. However, the pooled ORs did not signif-
icantly influenced, suggesting that the included studies 
to this meta-analysis were statistically accurate. Fourth, 
compared with the previous meta-analysis, subgroup 
analysis by ethnicity and genotyping methods were also 
carried out.

Despite of the advantages mentioned above, there 
were still several limitations that should be noted in the 
meta-analysis. First, although we were able to discern 
a significant association of XPC Lys939Gln and Ala499Val 
polymorphisms with CMM in the overall population, the 
sample size was still relatively small. Second, the included 
studies involved in the meta-analysis were mainly were 
performed among Caucasian populations, so it is un-
certain whether these results are generalizable to other 

ethnicities. Thus, to strengthening the statistical power 
will require more data from different ethnicities. Third, 
we have included only English published studies in this 
meta-analysis, which might have led to literature biases. 
Fourth, although we have performed a  comprehensive 
search to identify all eligible case-control studies and 
included our unpublished original data, some relevant 
studies with negative results might be still missed, which 
might have led to literature biases. Fifth, there was sig-
nificant between-study heterogeneity for XPC Lys939Gln 
polymorphism under four genetic models and for XPC 
Ala499Val under two genetic models. Even though the 
random-effects model was used to calculate pool ORs, the 
precision of outcome might be affected. Sixth, the lack of 
available data prevented an adjustment for subgroup fac-
tors such as age, gender, exposure to environmental risk 

Fig. 3 Begg’s funnel plot of publication bias test for association between XPC Lys939Gln polymorphism and CM risk before (blue) and after 
(red) trim-and-fill method. A: homozygote model (CC vs. AA); B: recessive model (CC vs. CA+AA).
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factors, lifestyle and other confounding factors that can 
interact with genetic factors to influence the association 
of XPC Lys939Gln and Ala499Val polymorphisms with 
susceptibility to CMM. Finally, lack of original data from 
included studies limited our results because the interac-
tions between gene- gene, gene -environment, and also 
XPC Lys939Gln/Ala499Val may be modulated the associ-
ation of XPC Lys939Gln and Ala499Val polymorphisms on 
development of CMM.

In summary, our results demonstrated that the Lys-
939Gln and Ala499Val polymorphisms at XPC gene were 
significantly associated with an increased risk of CMM 
in the global population. Moreover, stratified analysis 
by ethnicity revealed that XPC Ala499Val and Lys939Gln 
polymorphisms were significantly associated with risk of 
CMM in Caucasians and mixed populations, respectively. 
Thus, these polymorphisms may serve as genetic biomark-
er for development of CMM. However, considering the 
limitations mentioned above, more well-designed studies 
with larger sample sizes are needed in future.
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XPC:   Xeroderma Pigmentosum Complementation 
Group C

CMM:  Cutaneous Malignant Melanoma
ORs:  Odds Ratios
CIs:  Confidence Intervals
NER:  Nucleotide Excision Repair
BER:  Base Excision Repair 
hOGG1:   human 8-oxoguanine DNA N-glycosylase 1
XP:   Xeroderma Pigmentosum
HWE:   Hardy-Weinberg Equilibrium
PRISMA:   Preferred Reporting Items for Systematic  

Reviews and Meta-analyses
MAFs:   Minor Allele Frequencies 
CMA:   Comprehensive Meta-Analysis 
SOC:   Source of Control
PB:   Population Based

HB:   hospital Based
IGGA:   Illumina GoldenGate Assay
RFLP:   Restriction Fragment Length Polymorphism
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Uroflowmetry in Non-Monosymptomatic 
Nocturnal Enuresis in Children of Coastal 
Region of Croatia
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A B S T R AC T
Purpose: The aim of the study was to describe clinical characteristics and bladder assessment in children with Non-Monosymptomatic 
Nocturnal Enuresis (NMNE) in coastal region of Croatia.
Materials and methods: Records on 85 patients with NMNE were retrospectively reviewed. Bladder assessments were performed in all 
children. In this research we: (i) compare clinical characteristics and features of bladder assessment: uroflowmetry, post void residuals 
(PVR) and bladder wall thickness between boys and girls with NMNE and we compare (ii) clinical characteristics and bladder assessment 
between children with primary and secondary NMNE.
Results: There were 46 girls and 39 boys. The total of 59 children had primary NMNE and 26 children had secondary NMNE. Uroflow pattern 
was abnormal in 42% of all children with NMNE. Abnormal uroflow pattern in children with NMNE was more often in girls than in boys  
(P < 0.05) and in children with secondary than in children with primary NMNE (P < 0.05). Ultrasound evidence of bladder wall thickness was 
more frequent in boys than in girls. Girls were more likely to have dysfunctional voiding and larger residual urinary volume than boys.
Conclusions: Abnormal uroflow pattern in children with NMNE was more often in girls than boys and in children with secondary than in 
children with primary NMNE.
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INTRODUCTION

The International Children’s Continence Society (ICCS) 
defines enuresis (or nocturnal enuresis, NE) as wetting in 
discrete portions while asleep in a child older than five (1). 
Primary nocturnal enuresis (PNE) is defined as nocturnal 
wetting in a child who has never been dry on consecutive 
nights for longer than 6 months. Secondary enuresis is 
the re-emergence of enuresis after continence has been 
established for at least 6 months (1, 2). It has been docu-
mented that 15–30% of enuretic children can experience 
daytime incontinence (3–6). Enuresis which occur without 
lower urinary tract symptoms or a history of bladder dys-
function is monosymptomatic. Enuresis with lower uri-
nary tract symptoms such as change in voiding frequen-
cy, daytime wetting, dribbling, and holding manoeuvres 
is non-monosymptomatic (or polysymptomatic). Among 
those children with frequent NE (2 or more wet nights per 
week), 68.5% were classified as monosymptomatic and 
31.5% as non-monosymptomatic (7). Nocturnal polyuria 
along with abnormal circadian release of antidiuretic hor-
mone (ADH) or arginine vasopressin (AVP) is an important 
contributor to NE (8). The other etiological factors are an 
arousal disturbance during sleep and lack of inhibition of 
the micturition reflex. These developmental disturbances 
are genetically based and can be modulated by environ-
mental factors (9). The etiological factors of lower urinary 
tract symptoms and disorders are heterogeneous, based 
on the symptoms present (urge, voiding postponement, 
dysfunctional voiding etc.). Diagnosis consists of detailed 
medical history, clinical examination, frequency-volume 
charts, and appropriate investigations. In general, urody-
namic studies are not required (10, 11). 

Imaging and urodynamic studies are reserved for 
children with significant daytime symptoms, history or 
diagnosis of urinary tract infections, features suggesting 
structural renal abnormalities, or refractory cases (12–14). 
In the evaluation of non-monosymptomatic nocturnal 
enuresis (NMNE) the approach is still controversial with 
little evidence-based medicine supporting diagnostic eval-
uation. In children with NMNE, two diagnosis need to be 
considered according to the ICCS: one for lower urinary 
tract disorder and another for nocturnal enuresis. Pro-
posed algorithm of strategy in managing children with 
daytime incontinence include bladder ultrasound, post 
void residuals (PVR) together with uroflowmetry (15).

MATERIALS AND METHODS

We assessed total of 85 children with NMNE (median 7.6 
years, 5–18 years) who referred to the Pediatric Nephrol-
ogy Clinic of the Split University Hospital from January 
2014 to December 2017. The outpatient clinic for voiding 
disorders is the only one in the coastal region of Cro-
atia. Informed consent has been obtained. Study have 
been performed according to the Declaration of Helsin-
ki, and the procedures have been approved by the local 
ethics committee. We compare clinical characteristics 
and features of bladder assessment: uroflowmetry, PVR 
and bladder wall thickness between boys and girls with 

NMNE and we compare clinical characteristics and blad-
der assessment between children with primary and chil-
dren with secondary NMNE. We analysed medical records 
data retrospectively. Baseline parameters were obtained 
from a questionnaire for toilet training age, the history 
of urinary tract infection, presence of frequency, urgen-
cy, daytime incontinence and constipation; frequency 
volume chart for two consecutive days and first morning 
urine osmolality. After taking detailed individual history, 
a detailed physical examination and urine analysis was 
carried out and recorded by pediatrician. International 
Children’s Continence Society criteria were used to define 
enuresis, its subtypes and lower urinary tract terminolo-
gy (1). Children with neurologic deficit (myelodysplasia, 
spinal cord disorders and mentally retarded children) 
and urogenital malformations were excluded from the 
study. The age at which a child began to void on her or 
his own has been expressed in months. We have defined 
urinary tract infection as a history of symptomatic sig-
nificant bacteriuria, with or without fever in the period 
prior to arriving at Pediatric Nephrology Clinic. The larg-
est voiding volume of urine from a  frequency- volume 
chart for two days is considered as maximum bladder 
capacity (MBC). We used Koff ’s formula to measure ex-
pected bladder capacity (EBC) according to the age: Vol-
ume (ml) = (age in years + 1) × 30. Bladder capacity (BC) 
was expressed as a percentage according to the formula: 
BC (%) = MBC/EBC × 100. Nocturnal polyuria was calcu-
lated from frequency volume chart and defined as noc-
turnal production of the urine > 130% of expected bladder 
capacity according to the age. The Roma IV criteria was 
used for diagnose constipation (16). We performed a ret-
rospective chart review of all bladder assessments: uro-
flowmetry, post void residuals and bladder wall thickness. 
Uroflowmetry and pelvic floor electromyography (EMG) 
were performed in all children. For the uroflowmetry 
test, children were asked to wait until they felt a strong 
desire to void. The uroflowmetry test was performed for 
two consecutive times and only those curves generated 
after adequate voided volume (> 50% of the expected 
bladder capacity) were analysed. Pelvic floor EMG was 
done by spacing skin electrodes. We used ICCS suggested 
categories for normal and abnormal urine flow patterns: 
the normal urine flow curve is bell shaped, the abnormal 
urine flow patterns are tower, plateau, staccato and in-
terrupted. Bladder ultrasound (US) was performed im-
mediately (within 5 minutes) after voiding with 5 MHz 
suprapubic ultrasound. Post void residual was estimated 
by the equation of height × width × depth (of the bladder) 
× 0.52 ml (17). Bladder wall thickness > 4 mm in an empty 
bladder was considered as increased. Dysfunctional void-
ing was defined as contraction of the external sphincter 
during voiding with staccato pattern with or without an 
interrupted flow with post voiding residual urine above 
10 ml. We compared all the clinical characteristics and 
features of bladder assessment between boys and girls. We 
also compared all the clinical characteristics and features 
of bladder assessment between children with primary 
and secondary NE and lower urinary tract symptoms. 

Statistical analysis was performed using SPSS version 
23, using basic descriptive statistics, the corresponding 
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parametric (t-test) and nonparametric (Chi-square) test. 
The level for statistical significance was set at p < 0.05.

RESULTS

Among a total of 85 children, 46 (54%) were girls and 39 
(46%) boys (Table 1). The median age of children with 
NMNE was 7.6 years (Min–Max: 5–18 years). The total of 
59 children (69%) had primary NMNE and 26 (31%) chil-
dren had secondary NMNE. Patients with NMNE started 
to void on their own at median of 30 months (Min–Max: 
14–54 months). Nocturnal urine production was increased 
in 27 children who had nocturnal polyuria (37%). The mean 
first morning urine osmolality was 827.5 mOsm/kgH2O  
(± 257.7 mOsm/kgH2O). Children with nocturnal polyuria 
had lower first morning urine osmolality (721:905 mOsm/kg,  
p = 0.0089). The lower urinary tract symptoms were: day-
time incontinence in 71 (83%) cases, urgency in 66 (80%) 
cases and frequency in 40 (51%) cases.

Tab. 1 Descriptive statistics of the total sample (N = 85).

Characteristics of patients Number of patients (%)

Sex

Male 39 (45.88)

Female 46 (54.12)

Enuresis

Primary 59 (69.41)

Secondary 26 (30.59)

Age (years) 7.6118 ± 2.75635

The age of sphincter control 
(months)

30.4138 ± 6.87746

UTI1 23 (28.40)

Constipation 29 (36.25)

Daytime incontinence 71 (83.53)

Urgency 66 (80.49)

Frequency 40 (50.63)

Nocturnal polyuria 27 (36.99)

First morning urine osmolality 
(mOsmol/kg)

827.5400 ± 257.76830

Bladder capacity % 70.8922 ± 29.07430

Abnormal urine flow patterns 35 (41.67)

Post void residual urine (ml) 14.2262 ± 13.39156

Dysfunctional voiding 20 (23.52)

Thickened bladder wall 15 (18.29)

Legend: Values are presented as number (%) or arithmetic mean ± standard 
deviation; 1 UTI – positive history of urinary tract infection.

23 (28%) children had urinary tract infection. The con-
stipation was recorded in 29 (36%) children. According 
to frequency volume charts the average percentage of 
bladder capacity was 71% (±29). Uroflow pattern was ab-
normal in 35 (42%) cases. Average residual urine volume 
was 14.2 ml (±13.3 ml). Bladder wall thickness in an empty 

bladder was abnormal in 15 (18%) cases. Dysfunctional 
voiding was recorded in 20 (24%) of all children. 

There is no statistically significant difference in the fre-
quency of primary or secondary NMNE between boys and 
girls (Table 2). There was no difference according to the 
clinical features including the age, age of toilet training, 
nocturnal polyuria, bladder capacity, frequency and day-
time incontinence between the boys and girls. Girls had 
statistically more often urinary tract infections, constipa-
tion and larger residual urine volume than boys. Abnormal 
uroflow and dysfunctional voiding were statistically more 
often in girls than boys. Urgency and ultrasound evidence 
of bladder wall thickness were statistically significantly 
more frequent in boys than girls. Abnormal uroflow pat-
tern was statistically more often in children with second-
ary NMNE than in children with primary NMNE (Table 3). 
Uroflowmetry and pelvic floor electromyography (EMG) 
revealed abnormal features in 34.5% children with prima-
ry NMNE (group 1) and in 57.7% children with secondary 
NMNE (group 2). The following abnormal patterns in flow 
shapes were noted in group 1 patients: tower in 7 patients, 
staccato in 7 patients, interrupted in 5 patients, plateau in 1 
patient. The group 2 had the following abnormal patterns: 
tower in 2 patients, staccato in 10 patients, interrupted in 
1 patient, plateau in 2 patients. There was no statistically 
significant difference in other clinical characteristics be-
tween children with primary and secondary NMNE. Dys-
functional voiding was statistically more often in children 
with secondary NMNE than and in children with primary 
NMNE.

DISCUSSION

In our study, NMNE was slightly more common in females 
(57%) than in males (43%). According to the literature, the 
bedwetting is more common in boys whereas daytime in-
continence is more common in girls (18). The one of the 
main etiological factors for NE is nocturnal polyuria. In 
our study nocturnal polyuria was equally represented in 
boys and girls and in both primary and secondary NMNE. 
Children with nocturnal polyuria, had lower first morn-
ing urine osmolality. Because of difficulty to measure the 
amount of urine output at night, we suggest first urine 
osmolality. The most important lower urinary tract symp-
tom registered in our patients (83%) was daytime incon-
tinence. In the evaluation of NE by an evidence-based 
strategy, careful assessment of NE-related symptoms by 
questionnaire, physical examination, urine analysis, and 
frequency volume chart are only essential in the initial 
evaluation (13). Furthermore, the recently published Na-
tional Institute for Health and Clinical Excellence (NICE) 
guidelines do not recommend even urine analysis unless 
there is a suspicion of recent onset, daytime symptoms, 
urinary tract infection, or diabetes mellitus (19). In the 
evaluation of NMNE, specialist referral is almost man-
datory, and the approach is still controversial with little 
evidence-based medicine to guide treatment (11). In chil-
dren with NMNE, two diagnosis need to be considered ac-
cording to the ICCS: one for lower urinary tract syndrome 
and another for nocturnal enuresis. Proposed algorithm of 
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Tab. 2 Descriptive statistics and significance of differences between boys (N = 39) and girls (N = 46).

Variable Boys (%) Girls (%) p

Enuresis

primary 28 (71.8) 31 (67.4) .661a

secondary 11 (28.2) 15 (32.6)

Age (years) 7.03 ± 1.885 8.11 ± 3.261 .060b

The age of sphincter control (months) 30.04 ± 6.523 30.77 ± 7.286 .690b

UTI 2 (5.6) 21 (46.7) .000a

Constipation 7 (19.4) 22 (50.0) .005a

Daytime incontinence 33 (84.6) 38 (82.6) .804a

Urgency 34 (89.5) 32 (72.7) .056a

Frequency 22 (59.5) 18 (42.9) .141a

Nocturnal polyuria 13 (37.1) 14 (36.8) .979a

First  morning urine osmolality (mOsmol/kg) 871.28 ± 253.811 767.14 ± 256.899 .161b

Bladder capacity % 67.79 ±28.080 73.61±29.999 .385b

Abnormal urine flow patterns 11 (28.2) 24 (53.3) .020a

Post void residual urine(ml) 10.64 ± 8.106 17.33 ± 16.132 .021b

Dysfunctional voiding 5 (12.8) 15 (32.6) .003a

Thickened bladder wall 11 (28.2) 4 (9.3) .027a

Legend: Values are presented as number (%) or arithmetic mean ± standard deviation; a – chi-square; b – t-test.

Tab. 3 Descriptive statistics and significance of differences between a group of people with primary (N = 59) and secondary enuresis 
(N = 26).

Characteristics of patients Primary enuresis (%) Secondary enuresis (%) p

Age (years) 7.4068 ± 2.53335 8.0769 ± 3.21152 .304b

The age of sphincter control (months) 30.4722 ± 7.76250 30.3182 ± 5.28598 .935b

Urinary tract infection 14 (25.5) 9 (34.6) .393b

Constipation 20 (36.4) 9 (36.0) .975a

Daytime incontinence 49 (83.1) 22 (84.6) .858a

Urgency 47 (83.9) 19 (73.1) .249a

Frequency 28 (52.8) 12 (46.2) .577a

Nocturnal polyuria 20 (40.8) 7 (29.2) .333a

First morning urine osmolality (mOsmol/kg) 833.7222 ± 247.82858 811.6429 ± 291.04602 .789b

Bladder capacity % 72.4453 ± 28.81554 67.4625 ± 29.96836 .490b

Abnormal urine flow patterns 20 (34.5) 15 (57.7) .046a

Post void residual urine (ml) 13.6949 ± 12.42391 15.4800 ± 15.64747 .580b

Dysfunctional voiding 10 (16.9) 10 (38.4) .003a

Thickened bladder wall 10 (17.5) 5 (20.0) .791a

Legend: Values are presented as number (%) or arithmetic mean ± standard deviation; a – chi-square; b – t-test.
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strategy in managing children with daytime incontinence 
include bladder ultrasound, PVR together with uroflowm-
etry (15). Uroflowmetry is time-consuming as for proper 
evaluation of bladder emptying, at least two bladder filling 
cycles need to be done. 

Association of enuresis and bladder dysfunction has 
been reported and small capacity bladder and detrusor 
overactivity have been the most important (common) 
urodynamic findings (20–23). In our study there was no 
difference according to the bladder capacity between the 
boys and girls and between children with primary and 
children with secondary NMNE. However, urodynamic 
studies have indicated that bladder wall thickness was 
significantly higher in patients with detrusor overactivity 
and detrusor overactivity was seen in children with pri-
mary NMNE as compared to primary MNE (24). Accord-
ing to our study bladder wall thickness was statistically 
more often in boys. Those findings are probably related to 
detrusor overactivity in boys. Small capacity bladder and 
detrusor overactivity cause symptoms of urinary bladder 
storage function while uroflowmetry examines bladder 
emptying.

According to the literature it is also crucial to differ-
entiate primary NE from secondary NE or daytime in-
continence with a nocturnal component (25, 26). In our 
study an abnormal bladder emptying detected using uro-
flowmetry was more likely to be associated with second-
ary NMNE. Maybe this is because in primary NMNE the 
more common problem is overactive bladder which cause 
storage bladder problem and in secondary NMNE and in 
girls the more common are emptying difficulties which 
are measured by uroflowmetry. Abrams et al. have already 
proposed that secondary enuresis was more likely to be 
associated with an organic cause (18).

According to our study dysfunctional voiding was more 
often in children with secondary NMNE.

Naseri and Hiradfar urodynamic studies had revealed 
abnormalities in 43% of MNE and 53% of NMNE, which 
shows that abnormal urodynamics is as common in MNE 
as in NMNE. The majority of their patients had small ca-
pacity and low compliance bladders which was indicative 
of an overactive bladder (27). Some authors found that the 
only significant difference between the patients with pri-
mary NE and those with secondary NE was in the prev-
alence of constipation which is significantly associated 
with primary NE (28). In our study the incidence of con-
stipation was less than 30% of total number of children. 
Constipation was significantly more often in girls than in 
boys. Urinary tract infections (UTI) are already recognized 
as related to staccato flow pattern and dyssinergic voiding 
(29, 30). In our study both dysfunctional voiding and UTI 
were more often in girls than in boys.

Limitation of this study was in the number of the pa-
tients so our conclusions should be confirmed in future 
larger study. In children with NMNE, children with pri-
mary and secondary NMNE should be distinguished. 

Despite the fact that some children with primary enu-
resis also had daily symptoms, uroflow pattern was mostly 
normal, bell shaped. It is probably because the emptying 
function of the bladder in those children is normal. In chil-
dren with primary NMNE we propose primary assessment 

by bladder ultrasound with PVR, and uroflowmetry to be 
part of secondary assessment if primary assessment is 
suspected of obstruction or if therapy failed. Emptying 
difficulties are more often in girls than boys with NMNE. 
As for therapy, standard urotherapy, adequate water in-
take, and regular voiding was implemented in all children. 
Constipation was treated along with standard urotherapy. 
Some of children were treated with desmopressin, some 
with anticholinergic therapy with oxybutinine, and some 
with dual therapy with both desmopressin and oxybuti-
nin. Animated biofeedback was used for dysfunctional 
voiding.

CONCLUSIONS

The UTI, constipation and urinary dysfunctions are sta-
tistically significant NMNE symptoms in our study. In our 
patients with NMNE an abnormal uroflow pattern was in 
almost half of the cases. It was more often in girls than 
boys and in children with secondary than in children with 
primary NMNE. 

Based on this finding we propose that in children with 
secondary NMNE, uroflowmetry always be performed as 
a first-line examination. In contrast, in children with pri-
mary NMNE, it is not necessary to initially perform uro-
flowmetry, but only as a second-line examination.
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Clinical Probe of Cyp2C8*2 Mutants  
in a Malaria Hyperendemic Zone:  
Evidence from North-Central, Nigeria
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A B S T R AC T
Background: A tremendous level of success has been achieved since the introduction of chloroquine and the combination of amodiaquine and 
artemisinin for the treatment of both complicated and uncomplicated malaria infections in sub-Saharan Africa. However, the recent discovery of 
drug resistant strains of Plasmodium falciparum (P. f.) and the ability of the parasite to ingest CYP2C8 into its digestive vacuole is of great public 
health concern. This study probes the occurrence of CYP2C8*2 allelic mutant amongst malaria patients in North-Central Nigeria.
Methods: Three hundred and eighty five (385) unrelated study participants were screened for current malaria episodes using routine microscopy 
and/or rapid diagnostic test strips (RDTs). Chelex extraction method was used for single nucleotide polymorphisms (SNPs) and identification 
of CYP2C8*2 (805A > T) variant respectively. Wild-type (A) and the defective allele (T) were differentiated with the use of Polymerase Chain 
Reaction-Restriction Fragment Length Polymorphism (PCR-RFLP). The results obtained were further validated with Sanger sequencing of a few 
samples and thereafter, the genotype data were statistically processed. All alleles obtained were in Hardy Weinberg equilibrium. 
Results: Out of the 385 participants (45.5% Male and 54.5% Female) genotyped for SNPs, 75 (19.5%) had the autosomal recessive mutant 
trait. Occurrence of mutant traits was gender and ethnic independent (p > 0.05). Yoruba ethnic group recorded a reduction in proportion 
of genotypic defective CYP2C8*2 allele (T) (1 in every 8 persons) with a carrier percentage of 13.3% compared with Hausa (26.62%); Igbo 
(25.37%) and other minority ethnic groups (17.6%).
Conclusions: A remarkable inter-ethnic differences in autosomal recessive CYP2C8*2 allele was observed. By implication, there is a gradual 
incursion of genetic drift for poor CQ and AQ-Artemisinin metabolizers among the inhabitants.
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INTRODUCTION

Infections arising as a result of Plasmodium falciparum is 
the major cause of malaria-related deaths and it has been 
reported to be the most common of the four human ma-
laria parasites across sub-Saharan Africa (1). Despite wide 
documented chloroquine (CQ) and Amodiaquine (AQ) re-
sistance; majority of the populace still rely on therapeutic 
CQ and AQ medications. The increasing failure of these 
drugs against falciparum malaria constitutes a  notable 
setback in the eradication efforts of malaria in many Af-
rican countries (2–4). Previous studies have established 
that host genetic variations with respect to cytochrome 
P450 (CYP) 2C8 (CYP2C8) as drug metabolizers is respon-
sible for the metabolism of about 20–50% clinical drugs 
and endogenous substances. The emerging mutations with 
respect to these metabolites is one of the main risk fac-
tors for the drug resistant strains of P. falciparum in Africa 
(5). Genotype-inferred low metabolizers were reported in 
1–4% of African populations corresponding to millions of 
expected exposures to AQ (6). Recent studies further re-
vealed that resistant strain are often characterized with 
the genetic defective variant (CYP2C8*2) identified as be-
ing responsible for the hepatic metabolism of CQ and AQ, 
consequently altering chloroquine flux or reduced drug 
binding to hematin inside the parasite digestive vacuole. 
This mechanism culminates into Plasmodium falciparum 
chloroquine resistance transporter (PfCRT) point muta-
tions (5, 7). Similarly, quinoline ring in 4Qs is resistant to 
degradation by cytochrome P450 enzymes (CYP) CYP2C8 
and CYP3A4, with potentials to mediate 80% of the total 
metabolism of 4AQs (8). However, the common occurrence 
of genetic variant CYP2C8*2 in malaria infected host has 
been linked to the presence of drug-resistant parasites in 
the infected host (pfcrt-76Y and pfmdr1-86Y P. falciparum al-
leles). This anomaly is documented as a strong factor that 
is chronically hindering the efficacy of CQ and AQ in Afri-
ca. A recent longitudinal study in Africa reported that the 
prevalence of the defective allele “CYP2C8*2” is statistical-
ly insignificant among ethnic groups in Nigeria, although 
comparable with what was obtained in Senegal and Mada-
gascar (9). However, it is pertinent to further explicate the 
presence of this allele in other African descents, because 
of the crucial role it plays in the epidemiology of falci-
parum infections. This study will investigate the occur-
rence and determine the allele frequencies of CYP2C8*2 
amongst residents in a malaria high transmission zone of 
North-Central Nigeria. This is to guide intervention for 
better understanding of the metabolic mechanism of CQ 
and AQ artemisinin-based combination therapy (ACT) in 
the study area.

MATERIALS AND METHODS

STUDY AREA, DESIGN AND PROTOCOLS
The study was conducted within Ilorin metropolis, an 
urban area, in the North-Central zone and the capital of 
Kwara State, Nigeria. It is located on longitude 4°35′E and 
latitude 8°35′N. It covers an area of about 38 square miles, 
with an estimated population of 1.4 million people. The 

area is associated with intense rainfalls from April to Oc-
tober and daily temperature of between 23 °C and 37 °C. 
Inhabitants are mostly farmers, civil servants, traders and 
students. Out-patients from four randomly selected hos-
pitals (Civil Service Hospital, Temitope Hospital, Children 
Specialist Hospital and University of Ilorin Health Cen-
tre) in Ilorin were used for the study. A simple structured 
questionnaire was administered to volunteers after writ-
ten informed consent was sought and approved to obtain 
some basic information on ethnicity and Knowledge about 
usage of antimalarials like CQ, AQ and ACTs (viz; Arte-
mether-lumefantrine, Artesunate-mefloquine and Dihy-
droartemisinin-piperaquine). Only volunteers with a re-
cord of past CQ and AQ medications were considered for 
the present study. Intravenous blood samples of subjects 
were spotted on Whatman number 3 filter papers, air dried 
and separately stored in sealed plastic containers. Routine 
malaria diagnosis was initially performed by microscopic 
examination of Giemsa-stained thick blood smears and/
or a rapid diagnostic test (Malaria Antigen P. f., Standard 
diagnostics, INC. Ingbert, Germany). Single nucleotide 
polymorphisms in CYP2C8*2 was screened for according 
to Marwa et al. (10). DNA extraction and subsequent iden-
tification of CYP2C8*2 (805A > T) variant was carried out 
using Chelex extraction method and Polymerase Chain 
Reaction-Restriction Fragment Length Polymorphism 
(PCR-RFLP) respectively as described by Paganotti et al. 
(11). Briefly, 2µl of DNA template was amplified by PCR, at 
107bp fragment for the CYP2C8 gene forward primer (i.e. 
at 5′-GAACACCAAGCATCACTGGA-3′) and reverse primer 
(i.e. at 5′-GAAATCAAAATACTGSTCTGTTGC-3′). The prod-
ucts from PCR analysis was incubated with Bcl 1 enzyme 
that cuts the wild type allele only (A); undigested products 
then represent the variant allele (T). In order to detect the 
size polymorphisms, both types were allowed to run on 
a metaphor 3% gel. Controls for human genotyping were 
then utilized after sequencing of the PCR product obtained 
from each different genotype. Genotyping errors were 
avoided by double checking for the heterozygous samples.

ETHICAL APPROVAL
This study was performed according to the Declaration of 
Helsinki and the procedure followed was part of a study 
approved by the University of Ilorin Ethical Consideration 
with protocol approval number: UERC/ASN/2012/221. 
Consent form was administered and collected from the 
volunteers before the commencement for the study.

STATISTICAL ANALYSIS
Data obtained were analyzed with SigmaPlot for Windows 
version 12.0 (Systat. Software, Inc.). The prevalence of re-
corded alleles (i.e. wild and mutant alleles) were subject-
ed to Chi-square (χ2) analysis and statistical significance 
was set at p < 0.05. The results obtained were further 
validated with Sanger sequencing of a few samples and 
thereafter, the genotype data were statistically processed. 
Hardy-Weinberg equation (p²+ 2pq+ q² = 1) was used to 
estimate the frequency of the carrier state (2pq) for au-
tosomal recessive trait among the study population (12). 
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RESULTS

Three hundred and eighty five (385) individuals consist-
ing of 175 (45.5%) male and 210 (54.5%) female with a past 
record of CQ and AQ use voluntarily participated in this 
study. Seventy five (75 (19.5%)) was analysed to have re-
cessive mutant traits of CYP2C8*2 allele. Mutant popu-
lation with respect to gender and ethnic group were not 
statistically significant (p > 0.05). However, the defective 
CYP2C8*2 allele in comparison with the wild dominant al-
lele was significant with respect to distribution among the 
respective age groups sampled (p = 0.003) (Table 1).

The genotype and allele frequencies in the Nigerian 
major and minor ethnic groups domicilied in the study 
area was assessed with Hardy-Weinberg equilibrum cal-
culator (12). The genotype frequencies obtained obeyed the 
assumptions layed down for the principle. For instance, 
the allele frequency for this generation was done by pool-
ing together the alleles from each genotype of the same 
generation according to the expected contribution from 

the homozygote and heterozygote genotypes. Yoruba eth-
nic group recorded a reduction in proportion of CYP2C8*2 
allele (T) frequency (1 in every 8 persons) with a carrier 
percentage of 13.3% despite the large sample size screened 
(N = 195) compared with others (viz; Hausa: 26.62%; Igbo: 
25.37%; Others: 17.6%) (Table 2).

DISCUSSION

The recent discovery of molecular markers for drug re-
sistance in genomic studies is gradually eliciting various 
dimension (13). Investigation on defective CYP2C8*2 is es-
sential to evaluate emergence of antimalarial drug resist-
ance markers (P. falciparum) population among the three 
major Nigerian ethnic groups. In this study, a non-negli-
gible frequency (19.5%) of autosomal recessive CYP2C8*2 
mutants was obtained among malaria patients. This 
outcome is similar to the report of Adehin et al. (14) in 
South-west Nigeria. However, this study reported a lower 

Tab. 1 Characteristics of samples taken for CYP2C8*2 analysis.

Factor No examined (%) Allele frequency (%)

Mutants Wild Type p-value

Total no examined 385 75 (19.5) 310 (80.5)
Gender 0.814
Male 175 (45.5) 35 (46.7) 140 (45.2)
Female 210 (54.5) 40 (53.3) 170 (54.8)
Age group 0.003
0–5 100 (26.0) 20 (26.7) 80 (25.8)
6–15 90 (23.4) 10 (13.3) 80 (25.8)
16–25 50 (13.0) 20 (26.7) 30 (9.7)
26–35 35 (9.1) 5 (6.7) 30 (9.7)
36–45 60 (15.6) 10 (13.3) 50 (16.1)
> 45 50 (13.0) 10 (13.3) 40 (12.9)
Ethnic group 0.102
Yoruba 195 (50.6) 45 (60.0) 150 (48.4)
Hausa 40 (10.4) 10 (13.3) 30 (9.7%)
Igbo 45 (11.7)  5 (6.7) 40 (12.9)
Others* 105 (29.9) 15 (20.0) 90 (29.0)

* Idoma (30, 7.8%), Fulani (10, 2.6%), Nupe (40, 10.4%), Igala (10, 2.6%) and Benue/Igede (15, 3.9%).

Tab. 2 Genotypes for CYP2C8*2 and T allele frequency among the studied Ethnic groups.

Ethnic groups CYP2C8*2 (rs11572103, A > T)
Genotype frequencies Allele frequency
N AA AT TT T Carrier (%)

Yoruba 195 0.862 0.133 0.005 1 in 8 26 (13.3)
Hausa 40 0.709 0.266 0.025 1 in 4 11 (26.62)
Igbo 45 0.724 0.254 0.022 1 in 4 11 (25.37)
Others* 105 0.814 0.176 0.010 1 in 6 18 (17.61)

* Idoma (30, 7.8%), Fulani (10, 2.6%), Nupe (40, 10.4%), Igala (10, 2.6%) and Benue/Igede (15, 3.9%). AA – homozygous wild-type; AT – heterozygous carrier; 
TT – homozygous mutant; T – Phenotype.
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prevalence of CYP2C8*2 status when compared with sev-
eral early studies reports in African populations (10, 11, 15, 
16). In a similar vein, CYP2C8*2 allele was successfully gen-
otyped in 75% (213/285) of children in Congo Brazzaville. 
The CYP2C8*2A allele had a frequency of 63%, whereas 
the CYP2C8*2T allele had a frequency of 37%. Genotypes  
CYP2C8*2AA (rapid metabolizer), CYP2C8*2AT (interme-
diate metabolizer), and CYP2C8*2TT (poor metabolizer) 
were reported in 44%, 38%, and 18% of the investigated 
participants, respectively (17). This suggests that muta-
tions in specific P. f. genes may confer resistance to an-
timalarial drugs, climaxing into sustained drug pressure 
(18). Also, this finding may serve as an important tool at 
predicting the level of resistance to CQ and AQ + Artemis-
inin combinations drugs. It is suffice to mention that in 
sub-Saharan Africa, people carrying CYP2C8*2 C.805A > T  
(CYP2C8*2; rs11572103) allele suffer impaired amodi-
aquine metabolism, increased risk of amodiaquine-re-
lated adverse events, and may promote the selection of 
drug-resistant parasite strains (17). CYP2C8 accounts for 
the metabolism of > 20% of drugs used in the treatment 
of varying ailments with over 60 clinically important 
therapeutic agents of which malaria is one (19). However, 
CYP2C8*2T allele occurs mostly in people with a sub-Sa-
haran Africa ancestry (19%) and it is less frequent (≤ 1%) 
in individuals of European, Asian, or American origin 
(20). The 4-Qs become resident in the acidic digestive 
vacuole, where they are believed to bind b-hematin and 
interfere with heme detoxification (21). In human, AQ is 
mainly metabolized in the liver, and CYP2C8 is the main 
hepatic isoform that catalyzes the formation of N-deseth-
ylaminodiaquine (DEAQ) (22). From the aforementioned, 
it is obvious that the defective allele give rise to a num-
ber of different point mutations affecting the heme and 
or substrate binding ability of CYP2C8 as it is the most 
abundant form expressed in the liver and other extrahe-
patic tissues (23). In our study, genotypic data obtained 
showed that the Yoruba ethnic group’ chances of outcome 
with the defective allele was one in eight which appears 
to be the least because the carrier frequency was 13.3%, 
amongst the studied population. The observed variance 
may be due to the differences in population sampled or it 
may be ascribed to activity impacting nature of the SNPs 
playing less relevance in some descents (10, 14). CYP2C8 
also metabolizes arachidonic acid and the anticancer drug 
paclitaxel, and CYP2C8 variants have been shown to be 
defective in the metabolism of both substrates (22). The 
emergence and spread of drug resistance depends, in 
part, on the number of mutations required to encode re-
sistance and their effects on parasite fitness (24). Specific 
multiple point mutations is however very important in 
a gene make up of a resistant marker for an antimalarial 
drug (20, 25). Many adverse reactions are attributable to 
reduced CYP2C8 expression, but yet unreported during 
clinical trials. The expression often leads to any one or all 
of the following, viz; poor metabolizer phenotypes, hepa-
toxicity and a severe reduction in white blood cell count 
(22). The aforementioned may result in the risk of both 
mild and severe adverse clinical outcomes associated with 
AQ treatment (16). Furthermore, the presence of this de-
fective allele in our population is suggestive of possible 

inter-population differences in clinical outcomes associ-
ated with ACT drugs.

CONCLUSION

Currently, the increasing knowledge in genomic revo-
lution is significantly improving our understanding of 
reasons why individuals and populations differ in their 
susceptibility to multiple diseases. The occurrence of in-
ter-ethnic differences in the frequencies of clinically rele-
vant CYP450 variants is the real reason populations don’t 
maintain the stable allele frequencies predicted by the 
Hardy-Weinberg equilibrium. A remarkable inter-ethnic 
differences in autosomal recessive CYP2C8*2 allele was 
observed. By implication, there appears to be a  gradual 
incursion of genetic drift for poor CQ and AQ-Artemisinin 
metabolizers among the inhabitants. Further studies are 
required to evaluate the toxicological significance of this 
poor metabolizer in our settings and give insights to the 
adverse effect on the drug pharmacokinetics of CQ and 
AQ-ACT drugs.
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Acute Compartment Syndrome
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A B S T R AC T
Acute compartment syndrome occurs most frequently in connection with injuries, terminal or chemical damage of tissues, ischemia, 
the activity of toxins or in patients with tissue ischemia or muscle necrosis. Clinical findings have found pronounced pain, followed 
by paresthesias, pallor, and paresis. Decreased pulsation of arteries has also been a frequent finding. In severe forms decompressive 
fasciotomy has been indicated within the first 12–24 hours after diagnosis. In the following paper, the authors present the case report  
of a 68-year woman who swallowed 1500 mg of trazodone as an attempt at suicide. After 12 hours her husband found her lying  
on the carpet with compression of the left arm under the trunk. The patient was treated conservatively and followed clinically,  
examined by ultrasonography, EMG and finally MRI.
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INTRODUCTION

Acute compartment syndrome (ACS) is defined as an in-
crease of intracompartmental pressure followed by perfu-
sion pressure decrease with an ischemia of tissues in the 
compartment (1). Perfusion decrease develops into tissue 
necrosis with function impairment (muscle paresis, con-
tractures of muscles), up to a loss in the extremities and, 
in exceptional cases, death. Most frequently ACS develops 
in connection with traumas (fractures, crush syndrome), 
combustion or chemical damage of tissues, infections 
(Streptococcus), compression from an overly tight fixa-
tion of extremity segments (plaster cast), local activity of 
toxins (snake bites), and after a longer compression such 
as from a disadvantageous position during surgery (litho-
tomic position) or in patients lying without moving for 
many hours due to a disturbance of consciousness or with 
intoxication (2, 3).

This paper details a woman with severe ACS after tra-
zodone intoxication who was hospitalized by the authors.

CASE REPORT

A 68-year woman was admitted to a neurological ICU with 
somnolence, oedema, pain, and plegia of the left upper 
extremity. The previous evening she had had a  quarrel 
with her husband and in the morning her husband found 
her lying motionless on the carpet near the radiator with 
her left arm underneath her. Retrospectively she admit-
ted, that she had taken 1500 mg trazodone as an attempt 
at suicide. She was first examined at the traumatologic 
emergency room where she received an x-ray of the spine 
and upper left extremity, CT brain, and CT angiography of 
cerebral vessels. The findings were normal. However, she 
had a very painful oedema of the left upper extremity, pain 
which increased upon touching the skin, severe paresis of 
all segments (no active movement of fingers and hand, 
very restricted flexion in elbow and abduction of arm) 
and a creatine kinase 71 ukat/l (0.35–3.58), ALT 3.06 ukat/l 
(0.10–0.78), AST 5.26 ukat/l (0.05–0.72) which is charac-
teristic for ACS. The surgeon did not decide to perform 
a fasciotomy. The patient was admitted to the neurological 
department and treated conservatively including rehabil-
itation. An ultrasonography of the left arm and forearm 
showed oedema of muscles with an infiltration of tissues 
while arterial stream courses in the brachial and radial 
arteries were normal (Fig. 1). Over the course of 3 days 
the movements of the upper left extremity appeared and 
improved stepwise. An electromyography (EMG) on day 
6 after admission bore evidence for ACS. The compound 

muscle action potential of the median and ulnar nerves 
showed low amplitude and sensory nerve action potential 
for both nerves was only slightly lower (Tab. 1).

Case history. The patient has been treated for 15 years 
for asthma bronchiale, 10 years for hypothyreosis (Letrox 
75 ug a day) and for depression (escitalopram 20 mg). Four 
years ago she cut the skin of her left wrist in a suicide at-
tempt but without serious injury and without sequel.

During the patient’s stay in the department of neurol-
ogy her CK level initially increased (3rd day 248 ukat/l) 
and after 10 days it dropped to normal values. The patient 
successfully trained with the help of a  physiotherapist. 
A psychiatrist evaluated her problems as a depressive dis-
turbance with a reactive use of trazodone. After an 18 day 
stay in the hospital she was dismissed with a prescription 
of trazodone 150 mg in the evening, vortioxetine 10 mg, 
hydroxyzin 15 mg in the evening and her regular daily 
medication. She stayed in the rehabilitation institute for 
6 weeks. 

After her final check 3 months after ACS she was sub-
stantially improved - able to button up and eat with a knife 
and fork. The handgrip of the right hand was found to be 
46 and 10 kPa in the left (normal value > 40). However, 
she still showed weakness of arm abduction, external ro-
tation, wrist, and finger extension but was able to pinch 
her fingers together. No muscle changes with shortenings 
or contractures were found. Hypesthesia was found only 
on the dorsal aspects of the wrist, thumb, and index finger. 
An EMG showed motor and sensory conduction studies of 

Tab. 1 EMG findings.

Muscle Insertion activity Fibrillation / Sharp waves Frequency of MUP / amplitude Tissue fluid
M. deltoideus sin. Very low 0 0 Slowly leaks
M. biceps br. sin. Slightly longer 0 3 / 0.6 mV Leaks out
M. extensor digit. com. sin. Prolonged 0 0 Leaks under 

pressure

MUP – motor unit potential

Fig. 1 Ultrasonography: Oedema and infiltration of left forearm.
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nn. median, ulnar, radial to be normal. During a needle 
EMG investigation fibrillation, positive waves, small and 
short-duration MUP were found in all three muscles myo-
tonic discharges. An MRI found atrophy of the muscles of 
the upper left extremity (Fig. 2, Fig. 3).

DISCUSSION

ACS develops due to tissue pressure increase in a space 
tightly surrounded with fascias in the compartment. Be-
cause of the vasodilation of arterioles and an increased 
permeability of vessel walls an increased plasma filtration 
occurs. The increased pressure in the compartment and 
subsequent collapse of veins creates a decrease in tissue 
fluid resorption. In every segment of the extremities there 
is a direct number of compartments. In the arm there are 
2 compartments, in the forearm 3 and in the hand 10. The 
most frequent ACS occurs in the forearm, and according to 
bone fracture in 35% of cases due to pharmacological/drug 
depression of consciousness with a compression of tissue 
in 10%, and in paravenous application of medicaments 8% 
(4–6). Here the patient had a pharmacological decrease of 
consciousness during the time she was lying on the car-
pet near a radiator with her left arm under her trunk. Our 
patient suffered of acute compartment syndromes of her 
forearm, arm and shoulder, but the posterior forearm and 
the anterior arm were the most affected compartments.

In English literature there is a “rule of 5P” for ACS. This 
rule includes pain (out of proportion), paresis, pallor, par-
esthesias and pulseless arteries (3). The next step for di-
agnosis is measuring the tissue pressure – if the pressure 
in a compartment exceeds 30 mm Hg then fasciotomy is 
indicated. This should be done during the first 6 hours fol-
lowing diagnosis. The next possibility of diagnostics are the 
neuroimaging methods. In our patient there were clinical 
findings typical for ACS. Severe left upper extremity pare-
sis made it necessary to exclude stroke. A brain CT and CT 

angiography did not find stroke or any other brain disorder. 
Tissue pressure was not measured. An ultrasonography of 
the arm and forearm disclosed tissue oedema but with a pa-
tency of arteries (5). Because of a long delay of admission 
(more than 12 hours since the beginning) and patency of ar-
teries, the surgeon did not decide to perform a fasciotomy.

Electromyographical investigations on day 6 after ad-
mission showed a substantial decrease of compound mus-
cle action potential for the median, ulnar, and radial nerves 
and slightly lower sensory action potential for all 3 nerves. 
In a needle EMG of 3 muscles pathological spontaneous ac-
tivity was not found with an increase in insertion activity, 
no voluntary activity (MUP) in m. deltoideus and m. exten-
sor digitorum communis and only 3 MUPS of normal pa-
rameters were found in m. biceps brachii. In a needle mark 
the tissue fluid leaked under pressure in m. extensor digi-
torum communis. The findings were characteristic for com-
partment syndrome with not severe muscle fibers damage.

At a check up after 3 months a significant increase of 
muscle strength was found. Muscle atrophy in arm and 
forearm was only moderate, hypesthesia persisted only 
for the radial nerve. In an EMG fibrillation and positive 
sharp waves, short and low-amplitude MUP were found, 
as well as myotonic discharges as an EMG parameter of 
direct muscle membrane damage. Muscle atrophy was 
found on the MRI. There were no muscle contractures and 
no deformities of the upper left extremity.

CONCLUSION

Acute compartment syndrome develops on the basis of an 
increased pressure in the compartment followed by the 
breakdown of tissue perfusion leading to the development 
of necrosis. Diagnosis is determined based on clinical find-
ings measuring tissue pressure in the compartment. A fas-
ciotomy is recommended for ACS meeting these criteria 
during the first 6 hours (7). Ultrasonography and MRI are 

Fig. 2 Axial MRI T1 weighted: Atrophy of forearm muscles. Fig. 3 Axial MRI T1 weighted: Atrophy of arm muscles.



Acute Compartment Syndrome 127

important as complementary investigations. EMG contrib-
utes to the diagnosis with the evaluating grade of muscle 
fibre damage and the evidence of damage of nerves pass-
ing through the compartment.
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Iron Deficiency as Cause of Dysphagia  
and Burning Mouth (Plummer-Vinson  
or Kelly-Patterson Syndrome): a Case Report

Vladimíra Radochová1,*, Radovan Slezák1, Jakub Radocha2

A B S T R AC T
The clinical presentation of iron deficiency can be very heterogeneous, including various oral and other mucosal problems. Here, in this 
case, we report the patient with burning mouth and dysphagia symptoms where iron deficiency was found to be the underlying cause after 
several months of investigations. This clinical syndrome is called Plummer-Vinson syndrome. It is sporadic with an incidence less than 0.1% 
of patients suffering from iron deficiency anemia.
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BACKGROUND

Iron deficiency anemia (IDA) is one of the most common 
anemias worldwide (IDA) and is frequently accompanied 
by other symptoms not typically associated with anemic 
syndrome (1). As a  part of the clinical picture, patients 
with IDA may present with burning mouth syndrome, 
chronic glossitis, pale mucosal membranes etc. Various 
other symptoms include hair loss, nail changes, pica and 
rarely dysphagia (1). Dysphagia associated with IDA was 
described by Donald Ross Patterson and Adam Brown Kelly, 
both British laryngologists, in 1919. This clinical syndrome 
of IDA and dysphagia called Plummer-Vinson syndrome 
(PVS) is, however named after Henry Stanley Plummer 
and Porter Paisley Vinson, both physicians of Mayo Clinic, 
USA (2). PVS is a rare condition and consists of glossitis, 
atrophic oral mucosa, dysphagia and anemia. Strictures of 
the upper esophagus are frequently described as a part of 
PVS. The majority of reported cases were women (up to 
89%) around 5th decennium (3). Here we present a case of 
a female patient presenting with dysphagia and burning 
mouth with long time unknown cause of both symptoms.

CASE PRESENTATION

A 65-year-old woman was referred for burning mouth to 
the examination to the Department of Dentistry, Univer-
sity Hospital Hradec Králové, Czech Republic. Her history 
of current complaints included one year of difficulty in 
swallowing of solid food, dry mouth, burning tongue es-
pecially on the tip of the tongue and angular cheilitis. She 
also reported chronic fatigue and shortness of breath on 
exertion and loss of weight of 3 kg per last year. No other 
symptoms were reported by the patient.

Her personal history includes arterial hypertension, 
hypercholesterolemia, gastroesophageal reflux caused by 
hiatal hernia and chronic pain caused by previous surgery 
of right femur 20 years ago. Her corresponding chronic 
medication included meloxicam, pregabalin, esomepra-
zole, atorvastatin, hydrochlorothiazide and metoprolol. 
She reported herself as nonsmoker without any allergies. 
She was retired at the time of examination and previously 
employed as an administrative office worker.

During previous investigations, she was seen by 
a number of specialists. She was repeatedly examined by 
otorhinolaryngologist with normal findings on clinical/
physical examination six months before diagnosis. She 
was scheduled for barium contrast swallow test with the 
conclusion of hiatus hernia and corresponding inflamma-
tory changes. She also underwent examination by her in-
ternal medicine specialist, and ultrasound of the abdomen 
was performed with no significant findings, and esopha-
geal manometry was performed with normal results. She 
was scheduled for esophageal pH measurements. Until the 
dental examination, no laboratory examination was done. 

Extraoral clinical examination revealed bilateral an-
gular cheilitis with central rhagades with only skin and 
transition zone involved (Figure 1). Other skin findings 
on the skull and face were normal. Lymph nodes were not 
enlarged. Intraoral examination showed atrophic glossitis 

Fig. 1 Angular cheilitis.

Fig. 2 Atrophic tongue mucosa.

Fig. 3 Buccal erythema with candida overgrowth.
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with loss of papillae (Figure 2). Discrete erythema with 
candida overgrowth (white patches) was present of both 
buccal mucosal surfaces (Figure 3). Other mucosal and 
tooth findings were unremarkable.

Complementary laboratory examinations were recom-
mended based on history and clinical findings. Sum of rest-
ing (unstimulated) salivary flow and stimulated salivary 
flow (Škach’s quantitative analysis of the saliva) revealed 
salivation of 8 ml / 2 × 15 minutes which is at lower nor-
mal margin. Full blood count with differential blood count; 
ferritin, serum iron, total iron-binding capacity, vitamin 
B12 and folic acid levels were measured. Tongue swab was 
sent for mycological cultivation. Significant results are 
shown in Table 1. Diagnosis of IDA was established. Topical 
treatment for angular cheilitis with hydrocortisone, nata-
mycin and neomycin was recommended, and the patient 
was referred for hematology examination. Subsequent 
gastroscopy showed chronic gastric inflammation with-
out atrophy on histology and previously known hiatus 
hernia. Colonoscopy was performed with normal findings. 
No blood losses were identified. Treatment with oral iron 
supplementation was initiated at a dose of 80 mg of ele-
mental iron daily. The blood count normalized eight weeks 
after treatment, and iron supplies recovered six months 

after treatment (Table 1). Patient reported improving the 
symptoms eight weeks after treatment initiation and did 
not report any symptoms after six months (Figures 4–6).

DISCUSSION 

Nutritional deficiencies, including iron, are also common 
and still represent a significant medical challenge even in 
the contemporary European population. Diet habits and 
socioeconomic status may contribute to the development 
of such problems (4). Potentially malignant lesions of 
the gut should be considered behind each iron deficiency 
cause (5). Mainly central European populations show ex-
tremely unfavourable incidence and prevalence pattern of 
colon cancer (6).

Burning mouth syndrome is one of the most frequent 
signs that bring patients to dental medicine clinics. It 
represents a  wide variety of diseases ranging from be-
nign to severe disorders. The exact etiology of burning 
mouth cannot be frequently identified, but the cause may 
be identified in many patients (7). Nutrition deficiencies 
and anemia represent the frequent and often reversible 
cause of burning mouth. Lin et al. described a decrease 

Tab. 1 Blood count values.

At diagnosis At + 6 months Unit Normal range
Leukocytes 7.92 6.39 × 109/l 4.00–10.00
Erythrocytes 4.46 5.4 × 1012/l 3.80–5.20
Hemoglobin 76 140 g/l 120–160
Hematocrit 27.0 44.5 % 35–47
Mean cell volume 60.5 82.4 fl 82.0–98.0
Mean cell hemoglobin 17.0 25.9 pg 28–34
Mean cell Hb concentration 0.28 0.32 kg/l 0.32–0.36
Thrombocytes 439 368 × 109/l 150–400
Ferritin 7.0 38.8 ug/l 30–400

Fig. 4 Angular cheilitis after treatment. Fig. 5 Healthy tongue after treatment.
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of hemoglobin in a cohort of 399 Asian patients with the 
burning mouth in 22.3%. 20.3% of these patients had iron 
deficiency, 2.5% vitamin B12 deficiency and 1.5% folic acid 
deficiency (8). According to Sun et al., patients with pap-
illar atrophy more frequently have iron deficiency (26.7%) 
than vitamin B12 deficiency (7.4%) (9). Recently published 
data by Lu showed the prevalence of oral pseudomem-
branous and erythematous candidiasis around 40% of 
individuals in patients with iron deficiency (10). Atrophic 
glossitis may have a very similar clinical picture and could 
mask underlying deficiency (11). Reversal of symptoms by 
supplementation of missing nutrients has been shown to 
be effective in a cohort of 399 patients (5). The burning 
mouth disappeared within 5–10 months after supplemen-
tation of missing nutrient in virtually all affected patients, 
similar to our patient (12). 

On the other hand, burning mouth with dysphagia is 
a  sporadic clinical condition, and PVS is present in less 
than 0.1% of patients suffering from IDA (3). Typically, PVS 
is characterized by IDA combined with glossitis, atrophic 
mucosa, dysphagia and strictures of the upper esophagus 
(3). Pathogenesis of PVS remains unknown and how IDA 
contributes to the development of dysphagia has not been 
fully understood. Possible high turnover of the epithelial 
cells in upper esophagus dependent on iron storage re-
mains a reasonable explanation (13). It has been proposed 
that genetic, immunologic and infectious factors may play 
a role (14). Strictures are based on the presence of esoph-
ageal webs that have not been seen in our patient. Our pa-
tient did not show any abnormalities in esophageal motili-
ty as well. Not all patients with symptoms compatible with 
PVS need to develop webs, and vice versa, not all patients 
with esophageal webs suffer from dysphagia and fulfil cri-
teria for PVS (15, 16). Symptoms completely disappeared 
in our patient after treatment which does not always hap-
pen in all patients with PVS. The most frequents reasons 
for IDA in patients with PVS are menstrual blood loss, 
chronic gastrointestinal bleeding or hiatal hernia (as in 
our case). By far the most frequently, the association with 
celiac disease has been repeatedly reported (3). This fact 

may be explained either by the presence of refractory iron 
deficiency in some patients with the celiac disease caused 
by impaired nutrient absorption or by the contribution 
of autoimmunity to development of PVS. Other autoim-
mune disorders were also reported in patients with PVS 
such as autoimmune thyroiditis and rheumatoid arthri-
tis. Burning mouth and dysphagia could also be a sign of 
underlying Sjögren syndrome, and diagnostic procedures 
should include sialometry as well as organ antibody test-
ing. Prognosis of PVS is generally good with appropriate 
management with iron supplementation in the majority 
of patients. There have been reports about patients with 
PVS and strictures and stenosis of the upper esophagus 
who developed squamous cell carcinoma of the esophagus 
and presence of the webs probably represents a risk for 
developing pharyngeal cancer (17). Patients with PVS and 
esophageal webs and strictures should be therefore mon-
itored for possible signs of carcinoma. Surveillance with 
repeated endoscopies has been suggested, but the preven-
tive endoscopic evaluation is not confirmed (17).

LEARNING OBJECTIVES

Both dysphagia and burning mouth should bring attention 
to possible iron deficiency and other nutritional deficien-
cies. Dysphagia and burning mouth resolve after iron sup-
plementation in the majority of patients.
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Anomalous Course of Accessory Splenic 
Arteries in Gastrosplenic Ligament: Case Report 
and Clinico-Embryological Basis

Rajprasath Ramakrishnan1, Dinesh Kumar Viswakumar2,*, Bhavani Prasad Goriparthi1 

A B S T R AC T
Accessory splenic arteries in the gastrosplenic ligament constitute one of the extremely sub-component of abdominal vasculature 
variations and it is imperative to recognize this anomaly while planning for complex surgeries in the supra-colic compartment. We report 
the case of accessory splenic arteries in an approximately 50-year-old male cadaver encountered during routine educational dissection. One 
of them arising from left gastroepiploic artery supplies the spleen in addition to splenic artery. Another variant vessel bifurcated to enter 
greater omentum and anterior pole of spleen, as discrete branches. The anatomical vascular variation, if recognized during the imaging 
work-ups for elective surgical procedures could avoid potential iatrogenic blood loss. 
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INTRODUCTION

The splenic artery being one of the largest branches of the 
celiac trunk, supplies the structures of the foregut pre-
dominantly in the dorsal mesogastrium. It passes through 
the lieno-renal ligament and before reaching the hilum 
of spleen, usually gets divided into superior and inferior 
polar branches. The polar branches divides further into 
four or five segmental branches close to the hilum and 
supply splenic segments (1). In addition to the spleen, it 
also supplies pancreas via pancreatic branches, stomach 
via short gastric arteries and greater omentum via left 
gastroepiploic artery. Any additional or concurrent vessels 
supplying spleen, apart from the principal splenic artery 
can be termed as accessory splenic artery. An unexpected 
variant in splenic vasculature could lead to inadvertent 
blood loss during abdominal surgeries especially those in-
volving splenic hilum. 

CASE REPORT

During routine dissection of an approximately 50 years 
old formalin embalmed male cadaver in our institution, 
we encountered a variation in the vasculature of spleen 
(Fig. 1). While dissecting out the gastrosplenic ligament, 
we could find the left gastroepiploic artery arising from 
the splenic artery. Upon extending the dissection into 
greater omentum, we observed variation in the vascula-
ture. One variant vessel, which sprouted as a direct branch 
from left gastroepiploic artery, entered the anterior pole of 
spleen in addition to the principal splenic artery located at 
the hilum of spleen (Fig. 2). Another vessel, from the left 
gastroepiploic artery, continued as a common trunk and 
got divided into two branches. One of the branch entered 
the greater omentum and supplied the greater curvature 
of stomach. Other branch terminated near the anterior 
pole of spleen (Fig. 2). Thus, we confirmed that there were 

two accessory splenic arteries arising from left gastro-
epiploic artery with one being a direct branch and other 
sprouting from a common trunk. Schematic representa-
tion of the origin and course of these variant vessels in this 
case is depicted in Fig. 3. The arteries were paralleled by 
their respective venous counterparts, which drained into 
left gastroepiploic vein. The spleen was of normal size and 
superior border presented eight notches of variable depth. 
We could not observe any other abnormalities or accesso-
ry spleens in the abdominal cavity. We couldn’t observe 
significant abnormalities in other abdominal organs and 
their vasculature. 

DISCUSSION

Even though accessory splenic artery is rarely reported, 
with an incidence of < 1.3%, recognition of this anomaly is 
crucial while planning complex surgeries in the supra-col-
ic compartment (2). Based on the origin, Lipshutz (3) clas-
sified the splenic artery into four types: a) type 1: 75% of 
cases had splenic artery originating as a separate branch 
from celiac trunk b) type 2: in 15% cases, splenic artery 
was a branch of hepato-splenic trunk c) type 3: in 6% cas-
es, abdominal aorta directly gave branch to splenic artery 
and d) type 4: in 4% cases, splenic artery was a branch of 
spleno-gastric trunk. Following another classification pro-
posed by Michels (4), celiac trunk could be classified into 
6 types with type 6 (coeliaco-mesentric type) having left 
gastric, splenic, common hepatic and superior mesenteric 
artery arising from a common trunk. The variation docu-
mented in the present study gains uniqueness because it 
doesn’t fit into the purview of any classification. 

Pandey SK et al. (2) documented that in 97% of cases, 
splenic artery divided into terminal branches before enter-
ing the splenic hilum i.e. in the lienorenal ligament itself. 
The branching pattern was further elaborated by Ashok K R 
et al. (5) who had studied the branching pattern in 42 cases 

Fig. 1 Showing two accessory splenic arteries (dotted arrow) 
arising from left gastroepiploic artery (bold arrow).

Fig. 2 Showing two accessory splenic arteries arising from left 
gastroepiploic artery; one as a direct branch and another from 
a common trunk with a branch to greater omentum.
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and found three types of splenic artery termination: a) en-
tering the hilum without branching (10.5%); b) distributed 
type – dividing away from hilum (55.3%) and c) bundled/
marginal type – dividing at the hilum (34.2%).

Kumar N et al. (6) had documented a case report where-
by splenic artery divides into two polar arteries 2–4 cm 
proximal to splenic hilum and accessory splenic artery 
sprouts from left gastroepiploic artery. Padmalatha et al. 
(7) and Kervancioglu et al. (8) had previously reported an 
accessory splenic artery emanating from left gastroepip-
loic artery and left gastric artery respectively. In the latter 
case, the accessory artery gave inferior phrenic arteries 
of both sides and left hepatic arteries. Geeta Anasuya et 
al. (9) observed a case accessory splenic artery from left 
gastroepiploic artery which terminated into smaller ter-
minal branches at the lateral end of spleen. Patel SR et al. 
(10) documented accessory splenic artery in a patient with 
recurrent upper gastrointestinal bleeding. Upon visual-
izing using CT angiography, it was found that aberrant 
vessel originated from left gastric artery and supplied the 
stomach in addition to the upper pole of spleen. 

The plausible embryological hypothesis for aberrant 
splenic artery could be the failure of regression or faulty 
fusion of third and fourth splanchnic arteries which forms 
the gut axial vasculature (11). Gut vasculature develops 
from the longitudinal anastomoses of branches of these 
vessels around primitive gut and mesogastrium. Holib-
kova et al. (12) suggested that the segmental branches 
of the spleen are involved in three types of anastomosis 
namely: extra-parenchymatous, intra-parenchymatous 
and sub-capsular. Juxtaposing the above said hypothesis, 
we could posit that the accessory splenic artery could be 
due to the retained anastomoses between inferior polar 
branches of splenic artery and left gastroepiploic artery. 
Investigation (13) of splenic artery in chinchilla showed 
the presence of common trunk, known as gastrosplenic 
artery, which supplied the dorsal spleen and greater cur-
vature of stomach. In addition, the principal splenic artery 

supplied central and ventral spleens in the dorsal meso-
gastrium. This pattern is analogous to splenic and short 
gastric arteries in humans. In the present case report, the 
vascular pattern in dorsal mesogastrium is comparable to 
that of chinchilla. 

The anatomical variation described over here is of 
profound clinical significance because due to its specific 
pattern of blood supply, spleen can be contextualized to 
be made of two distinct lobes and 3–5 segments (14). The 
inferior splenic pole is relatively more vascular and inte-
grates significantly with related abdominal organs in the 
supra-colic compartment. Owing to this, autologous splen-
ic implants involving inferior pole are being increasingly 
considered in grounds of traumatic injuries. 

CONCLUSION

Even though, accessory splenic artery might be clinically 
asymptomatic under normal conditions, the knowledge 
about this would be of great help in salvaging the patient 
from being vulnerable to iatrogenic injuries particularly 
while mobilizing pancreatic tail and approaching splenic 
hilum. The present case report adds to the pool of available 
literature regarding the variations in the abdominal vas-
culature which is more relevant from an utilitarian per-
spective in the era of laparoscopy. 
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Symptomatic Hypokalemia  
in a 19-Year-Old Student

Sara Pereira1,*, André Salgueiro2, Paula Rosa1, Carla Peixoto1, Marta Ferreira1, David Silva1

A B S T R AC T
Primary hyperaldosteronism (PA) is the most common cause of secondary arterial hypertension and is frequently undiagnosed. It affects 
all ages but is more frequent between 20 and 60 years old. The clinical presentation is variable, and the diagnosis is based on screening 
and, in equivocal cases, confirmatory tests. A 19-year-old student presented with complaints of extreme fatigue, arterial hypertension, 
hypokalemia and metabolic alkalosis, raising a high index of suspicion for PA. Screening tests were performed and its expressiveness 
excluded the need of confirmatory tests. CT-scan showed a unilateral adrenal adenoma and the patient was submitted to laparoscopic 
adenectomy without complications. Prompt diagnosis and treatment are essential to avoid long term complications of PA.

K E Y WO R D S
primary hyperaldosteronism; hypokalemia; hypertension; aldosterone-producing adenomas; Conn syndrome

A U T H O R  A F F I L I AT I O N S
1 Intermediate Care Unit – Centro Hospitalar do Médio Ave, Vila Nova de Famalicão, Portugal
2 Bombarral Family Health Unit, Rua Doutor Arlindo de Carvalho, nº 27, 2540-073 Bombarral, Portugal
* Corresponding author: Intermediate Care Unit – Centro Hospitalar do Médio Ave, Rua Cupertino Miranda S/N,  
 4761-971 Vila Nova de Famalicão, Portugal; e-mail: saracp86@gmail.com

Received: 3 November 2019
Accepted: 6 June 2020
Published online: 1 October 2020

Symptomatic Hypokalemia in a 19-Year-Old Student
Sara Pereira et al.

Acta Medica (Hradec Králové) 2020; 63(3): 137–140
https://doi.org/10.14712/18059694.2020.32
© 2020 The Authors. This is an open-access article distributed under the terms of the Creative Commons Attribution License  
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,  
provided the original author and source are credited.



138 Sara Pereira et al. Acta Medica (Hradec Králové)

INTRODUCTION

Primary hyperaldosteronism (PA) is the most common 
cause of secondary arterial hypertension and is frequent-
ly undiagnosed. The two most common causes of PA are 
aldosterone-producing adenomas (Conn syndrome) and 
bilateral idiopathic hyperplasia. Less common causes of 
PA include unilateral adrenal hyperplasia, carcinomas and 
ectopic tumors (Table 1) (1).

Tab. 1 Types of primary hyperaldosteronism.

Type of primary aldosteronism Cases

Aldosterone-producing adenoma 30%

Bilateral idiopathic hyperplasia 60%

Primary (unilateral) adrenal hyperplasia 2%

Aldosterone-producing adrenocortical 
carcinoma

< 1%

Familial hyperaldosteronism (FH)

Glucocorticoid-remediable aldosteronism  
(FH type I)

< 1%

FH type II < 6%

FH type III (germline KCNJ5 mutations) < 1%

FH type IV (germline CACNA1H mutations) < 1%

Ectopic aldosterone-producing adenoma or 
aldosterone-producing carcinoma

< 1%

FH – Familial hyperaldosteronism

Patients of all ages may be affected, but the peak incidence 
is between 20 years and 60 years. 

The most common presentation of the disease is 
normokalemic hypertension. The degree of hypertension 
is typically moderate but may be severe. In some cases, it 
may present as resistant hypertension or asymptomatic 
diastolic hypertension. Hypertension (as opposed to hypo-
kalemia) is a prerequisite for PA diagnosis. Hypokalemia 
is only present in 9–37% of patients: in half of aldoster-
one-producing adenomas and in 17% of bilateral idiopathic 
hyperplasia. Thus, hypokalemia has low sensitivity and its 
absence has a low negative predictive value for the diagno-
sis of PA (2). Metabolic alkalosis is common.

Although in some cases the clinical presentation may 
be similar, patients with aldosterone-producing adeno-
ma have higher aldosterone secretion rates, resulting in 
more severe hypertension and marked hypokalemia; pa-
tients with bilateral idiopathic hyperplasia have a milder 
disease with less hypersecretion of aldosterone and less 
hypokalemia. Also, patients with aldosterone-producing 
adenoma are generally younger (< 50 years) than those 
with bilateral idiopathic hyperplasia (3).

Hyperaldosteronism is associated with higher rates of 
cardiovascular and cerebrovascular morbidity and mortal-
ity as compared to patients with essential hypertension, 
matched for age, sex and blood pressure (1), so, early diag-
nosis is the key to prevent disease progression.

It is important to identify the high-risk population for 
PA. The screening must be considered if the patient meets 
one of the following criteria (2):
–  sustained blood pressure greater than 150/100 mmHg 

on 3 measurements on different days,
–  blood pressure > 140/90 mmHg resistant to 3 antihy-

pertensive drugs (including a diuretic),
–  need of 4 or more antihypertensive drugs to control 

blood pressure,
–  hypertension and hypokalemia,
–  hypertension and adrenal incidentaloma,
–  hypertension and sleep apnea,
–  hypertension and family history of early-onset hy-

pertension or cardiovascular event under 40 years 
old, or first-degree relative diagnosed with primary 
aldosteronism.
The diagnosis is based on laboratory tests. The aldos-

terone-to-renin ratio (ARR) has higher sensitivity and 
lower variability than other measures, so it should be the 
first to perform. ARR is the ratio of plasma aldosterone 
and plasma renin activity or direct plasma renin collected 
in the morning (more than 2 hours after awakening), in 
sitting position for 5 to 15 minutes, with normal dietary 
salt intake (urinary sodium 100–200 mmol/24h), normal 
serum potassium level and without intake of angiotensin 
converting enzyme inhibitors or angiotensin receptor 
blocker for at least 2 weeks (4). If the ARR is higher than 
laboratory threshold, PA should be suspected. 

In case of spontaneous hypokalemia, plasma renin 
below detection levels and plasma aldosterone concentra-
tion > 20 ng/dL, confirmatory tests are not needed (2). In 
the other scenarios it must be performed. 

Nowadays, there are four confirmatory tests approved 
in America and Europe for the diagnosis of PA: oral sodi-
um loading, saline infusion test, fludrocortisone suppres-
sion test, and captopril challenge (5, 6). There is not a gold 
standard confirmatory test, as each has advantages and 
disadvantages that should be assessed case by case. In Ja-
pan, the furosemide upright test is used, although it is not 
approved by Endocrine Society as a confirmatory test of 
PA (6).

All patients with suspicion PA should undergo adre-
nal computer tomography (CT) scan in the initial study 
to determine subtype (adenoma versus hyperplasia) and 
exclude adrenal carcinoma. When surgical treatment is 
indicated, adrenal venous sampling (AVS) should be per-
formed by an experienced team, to distinguish between 
unilateral adenoma and bilateral hyperplasia. In some 
cases, AVS is not necessary, especially in younger patients  
(< 35 years), with spontaneous hypokalemia, high aldos-
terone levels, and unilateral adrenal lesions with radiolog-
ical features consistent with a cortical adenoma on adrenal 
CT scan (2). In these cases, AVS is not routinely indicated 
as it is expensive, technically demanding and carrying 
a tiny risk of adrenal vein rupture, and so, unilateral ad-
renalectomy may be safely performed. 

Treatment depends on whether it is unilateral or bilat-
eral disease. In case of unilateral adenoma hyperplasia, cu-
rative surgery, such as laparoscopic unilateral adrenalec-
tomy performed by an experienced surgeon, is considered 
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the treatment of choice. In case of bilateral disease, med-
ical management with mineralocorticoid receptor antag-
onist is usually used as the first-line treatment modality.

CASE REPORT

We report a case of a 19-year-old student with arterial hy-
pertension (first time documented in 2015: systolic blood 
pressure of 130–140 mmHg and 150 mmHg in 2018) and 
longstanding complaints of fatigue and headache. 

He was referred to the Emergency Department by his 
Family Physician for assessment of symptomatic hypo-
kalemia (K+ 1.9 mEq/L) detected in a routine blood test. He 
had no significant past medical history and was not taking 
any medications. On admission he denied headache and 
fatigue, was afebrile, a blood pressure of 156/91 mmHg and 
heart rate of 73bpm. The remainder of the physical exami-
nation was unremarkable. 

Investigations (shown in Table 2) revealed hypo-
kalemia (serum potassium of 1.4 mEq/L) and arterial blood 
gas analysis on room air showed alkalemia with metabol-
ic alkalosis. The electrocardiogram showed normal sinus 
rhythm, a heart rate of 67 bpm and prominent U-wave in 
the precordial leads (Figure 1). During electrocardiograph-
ic monitoring, atrial and ventricular extrasystoles were 
noted.

Tab. 2 Laboratory data, blood gas analysis and hormonal 
examination.

Laboratory data
Hemoglobin
Hematocrit
Platelets
Leucocytes
Creatinine
Sodium
Potassium
Magnesium
Reactive C Protein

16.9 g/dL (N 13–18)
46.6% (N 40–52)
281 × 103/uL (N 130–450)
9.36 × 103/uL (N 4.5–13)
0.75 mg/dL (N 0.4–1.2)
142 mEq/L (N 136–145)
1.4 mEq/L (N 3.5–5.1)
2.2 mg/dL (N 1.8–2.5)
< 0.1mg/dL (N 0.02–0.75)

Blood gas analysis
pH
pO2
pCO2
HCO3

-

Sodium
Potassium
Lactate

7.54 (N 7.35–7.45)
91 mmHg (N 80–100)
51 mmHg (N 35–45)
43.6 mmol/L (N 22–26)
143 mEq/L (N 136–145)
1.6 mEq/L (N 3.5–5.1)
1.7 mmol/L (N <2.0)

Hormonal examination
Plasma aldosterone (supine)
Plasma renin activity
ARR

32 ng/dL (N <15)
< 0.5 ng/mL/hour (N 0.7–3.3)
65.44 (N < 30)

ARR – aldosterone-to-renin ratio; N – normal

Potassium chloride replacement therapy was started, 
and patient was transferred to the Intermediate Care Unit 
due to severe hypokalemia with arrhythmogenic potential.

On admission to the Intermediate Care Unit, patient 
was hemodynamically stable but with tendency to devel-
op hypertension peaks and frequent atrial and ventricular 
extrasystoles.

Potassium chloride and magnesium sulphate were ad-
ministered by subclavian central venous catheter. Serum 
aldosterone and Plasma Renin Activity (PRA) were eval-
uated once serum potassium level was corrected. Hyper-
tension was managed with drugs that do not interfere with 
renin-angiotensin-aldosterone system. 

The ARR was 65.44, excluding, in this setting, the need 
for confirmatory test of PA.; Urinary 24-hour excretion of 
metanephrine and normetanephrine were normal. 

Non-contrast adrenal CT scan revealed a small regular 
hypodense nodule in the left adrenal gland, approximate-
ly 1.5 by 1.2 cm, with a CT attenuation of 11.3 Hounsfield 
units, suggestive of a benign cortical adenoma (Figure 2).

Following stabilization of hypokalemia and blood 
pressure profile, patient was started on spironolactone 
300 mg/day, potassium chloride 600 mg 3id and amlodip-
ine 5 mg/day, with frequent monitoring of potassium lev-
els and dose adjustment. Amlodipine was suspended as 
soon as blood pressure control was achieved.

Following multidisciplinary team discussion, patient 
was referred for surgical treatment once stabilization 
of the potassium levels and blood pressure profile were 
achieved. The patient underwent a left laparoscopic adre-
nalectomy without complications. Histopathological ex-
amination confirmed features of adrenal adenoma. 

Post operatively patient had recovery of his fatigue, 
his headaches became occasional and was not requiring 

Fig. 1 12-lead Electrocardiogram.
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any antihypertensive drugs to control his blood pressure 
profile. Serum potassium and ARR on follow-up were 
normal. 

DISCUSSION

In PA there is an inappropriate (i.e. renin-independent) 
increase in aldosterone secretion. Under influence of high 
levels of aldosterone, there is an excessive sodium reten-
tion, volume expansion and plasma renin suppression, 
leading to hypertension. Thus, hypokalemia results from 
the urinary loss of potassium, in exchange for sodium in 
the distal renal tubule.

In this case, there was a high suspicion for the diagno-
sis of PA because the patient presented with hypertension, 
hypokalemia and metabolic alkalosis, typical presentation 
of aldosterone-producing adenoma subtype. He also ex-
hibited neuromuscular symptoms related to severe hypo-
kalemia, as well as longstanding complaints of extreme 
fatigue. 

We followed a rational diagnostic approach. The con-
firmatory test for PA was omitted, due to the expressive-
ness of the screening test result (high levels of aldoster-
one and suppressed renin level), assessed in standard 
conditions, making the presence of adrenocortical tumor 
clear. Also, the confirmation of laterality by AVS was not 
performed before proceeding to the left adrenalectomy. 
The patient was young, clinically had a typical aldoster-
one-producing adenoma subtype, a marked aldosterone 
excess, as well as a unilateral adrenal lesion with radiolog-
ical features consistent with cortical adenoma on adrenal 
CT scan, therefore not needing AVS (2).

The surgical treatment solved the symptoms and the 
arterial hypertension. Until now, he has not developed 
cardiac or cerebrovascular disease, namely new-onset dia-
betes mellitus, metabolic syndrome, stroke, atrial fibrilla-
tion, coronary artery disease, left ventricular hypertrophy 
or heart failure, which are more common in longstanding 
PA (1).

CONCLUSION

The diagnosis of PA is essential and should be made early 
in the course of the disease because proper treatment may 
prevent the progression of cardiovascular and cerebrovas-
cular disease, offering patients a better quality of life, with 
less morbidity and mortality.
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A B S T R AC T
Lung metastasis and metachronous double primary lung cancer are both common and often present diagnostic challenges. We present 
a case of metachronous isolated contralateral lung metastasis from pulmonary adenosquamous carcinoma with EGFR mutation. A 75-year-
old woman presented with left lung nodule on a routine follow-up chest radiograph. She had had surgery for pulmonary adenocarcinoma 
with EGFR Ex21 L858R mutation 6 years ago. She underwent surgical resection, and histologic findings revealed adenosquamous 
carcinoma with the same EGFR mutation. Re-assessment of the resected specimen of the primary tumor resected 6 years ago revealed 
the morphologically similarity to the left lung tumor. Based on morphological and genetic identity, final diagnosis was adenosquamous 
cell carcinoma and metachronous isolated contralateral lung metastasis. The diagnosis of metachronous isolated metastasis is difficult 
but important for appropriate management and prediction of prognosis. A careful pathological examination and evaluation of genetic 
abnormality are needed to make the correct diagnosis.
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INTRODUCTION

Metachronous isolated contralateral lung metastasis from 
pulmonary carcinoma is not rare. However, establishing 
diagnosis of intrapulmonary metastasis or is not necessar-
ily easy. The metastatic tumors cannot entirely be the same 
as the primary tumor morphologically and lead to misdi-
agnosis. Such misdiagnosis lead to the inappropriate treat-
ment and worse prognosis if each clinical condition differs 
significantly. On the other hand, there are patients whose 
second cancer histologically resembles the first cancer. In 
these patients, we must be aware of mistakes in selection 
of treatment. Although the EGFR mutation is one of the 
most common gene mutations, there has been only one 
published case report which showed the important role of 
the EGFR mutation in diagnosis of metachronous isolated 
contralateral lung metastasis intrapulmonary metastasis 
or second primary lung adenocarcinoma (1).

In comparison with adenocarcinoma and squamous cell 
carcinoma of the lung, adenosquamous cell carcinoma is 
an uncommon tumor with distinct clinical behavior (2, 3).  
There have been many reports that patients with aden-
osquamous cell lung cancer have poorer prognosis than 

those with lung adenocarcinoma and those with squamous 
cell lung cancer (2, 3). We report a prolonged survival case 
of a metachronous isolated contralateral lung metastasis 
from pulmonary adenosquamous carcinoma with EGFR 
mutation, which was evaluated as second primary lung 
cancer at the time of surgical resection.

CASE REPORT

A  69-year-old woman was admitted to our hospital 
due to an abnormal opacity in chest radiograph during  
mass-screening. She was a  housewife and she never 
smoked. Chest CT scan revealed a nodule in the lower lobe 
of the right lung (Figure 1A). Hilar and mediastinal lymph 
node adenopathy was not observed. She was referred to 
our hospital for further examination and treatment. Phys-
ical examination and laboratory data were unremark-
able. Right lower lobectomy with nodal dissection was 
performed, and the final pathological diagnosis was ade-
nocarcinoma. Pathological tumor stage was proven to be 
IB. Mutation analysis of the tumor expressed epidermal 
growth factor receptor (EGFR) Exon 21 L858R mutation. 
She received postoperative adjuvant treatment with TS-1 
for 5 years. Thereafter, she was followed up at our outpa-
tient department without any additional adjuvant thera-
py. Six years after the surgery, a small nodule in the left 
lower lobe was detected on the chest CT scan (Figure 1-B). 
She received surgical resection to diagnose if this lesion 
was de novo tumor or possibly recurrence of lung cancer. 
Video-assisted thoracic surgery revealed a small nodule 
in the left lower lobe. Tumor size was 15 × 7 × 7 mm and 
surgical margin was free to the pleura. The component of 
the acinar type adenocarcinoma that proliferates in the 
glandular duct was main, but squamous cell carcinoma 

Fig. 1 Chest CT findings of the first tumor of the right lung (A) and 
the second tumor of the left lung (B).

Fig. 2 Histological findings of the 
resected specimens of the second 
tumor. The resected tumor showed 
components of both adenocarcinoma 
and squamous cell carcinoma, with 
each comprising at least 10% of the 
tumor (Hematoxylin-Eosin staining) (A). 
There were tumor cells with positive 
for thyroid transcription factor-1 (B), 
cytokeratin 5/6 (C). 

Fig. 3 Histological findings of the 
resected specimens of the first 
tumor. The resected tumor showed 
components of both adenocarcinoma 
and squamous cell carcinoma, with 
each comprising at least 10% of the 
tumor (Hematoxylin-Eosin staining)(A). 
There were tumor cells with positive for 
Alcian blue (B) and cytokeratin 5/6 (C).
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components with intercellular bridges were 15% of the 
tumor (Figure 2-A). There were tumor cells with positive 
for thyroid transcription factor-1 (Figure 2-B), cytoker-
atin 5/6 (Figure 2-C), and Alcian Blue (Al-b). An EGFR 
Exon 21 L858R mutation was identified. Histologically, 
the nodule was diagnosed as stage IA adenosquamous cell 
carcinoma with EGFR mutation. At that time, these were 
evaluated as metachronous double primary tumors be-
cause they were different histological types of lung can-
cer. However, EGFR mutation type in both tumors were 
the same one, re-examination and comparison of these 
tumors were performed. Morphologically the cancer 
cells of the first tumor was very similar to those in the 
second tumor (Figure 3-A). There were tumor cells with 
positive for Al-b (Figure 3-B) and cytokeratin 5/6 (Figure 
3-C). Based on these findings with same EGFR mutation, 
the second tumor was diagnosed to be a metastasis to the 
contralateral lung of the first tumor rather than de novo 
second primary caner. The patient received any addi-
tional therapy and is followed up for 3-year period with  
no recurrence.

DISCUSSION

Clinical history, radiographic findings and histologic fea-
tures are most helpful in the differential diagnosis of pul-
monary metastasis from the primary lung cancer and the 
second primary lung cancer. As a  feature on CT images 
of lung metastatic lesions, typical features of hematoge-
nous metastases include single or multiple, round to oval 
shaped, well-circumscribed radiographic masses without 
spiculations, calcifications, or tree-in-bud appearance. 
However, lung lesions in some patients show atypical radi-
ographic features and a possibility of metastasis should be 
suspected in patients with a history of lung cancer, even if 
a long time has passed since the diagnosis and treatment 
of the primary lung cancer (4, 5). Kondo et al reported 
a patient who had a contralateral pleural tumor 14-year 
after undergoing complete resection of primary lung ad-
enocarcinoma (1). Histologic and genetic analysis of the 
previously resected specimen and the samples obtained 
of a newly performed biopsy confirmed that deletion Ex 
19 EGFR mutated adenocarcinoma, and the recurrence of 
lung cancer was determined (1). CT image of the patient 
was contralateral pleural thickening. Although the pleu-
ral thickening had positive positron emission tomography, 
however, it was evaluated not as an image that required 
distinguishing between lung metastasis and second pri-
mary lung cancer.

Whenever a well-circumscribed lung tumor identified 
in chest CT scan, the possibility of metastatic lung cancer 
should be considered and excluded. Genetic studies are at 
present mandatory for pathologic diagnosis if the primary 
lung cancer was known. EGFR is one of the most common 
and important gene mutations. As far as East Asians are 
concerned, EGFR mutation is expressed in about a  half 
of adenocarcinomas (6–8). However, the positive rate 
of EGFR mutation in adenosquamous cell carcinoma is 
reported only as 0 to 5% (9–13). In our patient, morpho-
logically, both the primary tumor and the second tumor 

developed contralateral side consisted of the components 
of adenocarcinoma as well as squamous cell carcinoma, 
each comprising more than 10% of the tumor. Therefore, 
the final pathological diagnosis was lung adenosquamous 
cell carcinoma. Exon 21 R858R EGFR mutation was identi-
cal in both tumors.

It has been evaluated that patients with lung adeno-
squamous cell carcinoma had poorer prognosis than those 
with lung adenocarcinoma and those with lung squamous 
cell carcinoma (2, 3). For patients presenting early-staged 
lung adenosquamous cell carcinoma, surgical removal of 
the tumor offers patient benefit. EGFR-TKI could be a use-
ful treatment option for EGFR mutated patients with un-
resectable disease. However, it has not been established 
yet whether postoperative adjuvant treatment with EG-
FR-TKI for patients with completely resected lung aden-
osquamous cell carcinoma such as our patient will affect 
the prognosis or not.

In our patient, the possibility of “the second cancer” 
with “different” genetic background cannot be denied, but 
the possibility of second cancer having the “same” genetic 
background remains. Secondary cancer had some unclear 
part with the surroundings and had a pleural indentation 
as it located adjacent to pleura. But these findings did not 
suggest that the second tumor was the second cancer hav-
ing the “same” genetic background. If blood vessels and 
lymph flow involved in metastasis could be identified, it 
can be regarded as metastasis, but it is difficult to confirm 
morphologically if the lesion enlarged. We evaluated that 
the possibility of pulmonary metastasis was higher than 
the possibility of second cancer having the “same” genetic 
background, but we must admit that there is room for dis-
cussion. The best approach for second primary lung cancer 
remains a subject of debate. For resectable second primary 
lung cancer, surgical intervention is feasible and potential-
ly effective and good prognosis can be expected for these 
patients (14). On the other hand, if the lesion is assessed 
as distant metastasis, chemotherapy, a systemic therapy, is 
indicated for most patients with lung cancer. Their prog-
nosis must be poor. We supposed that treatment strategy 
can be similar in EGFR gene mutation patients and in neg-
ative patients although there is no report that clearly clar-
ified it. In this patient, EGFR-TKI administration might be 
indicated if it was evaluated to be a recurrence. However, 
surgical treatment was performed because of resectable 
oligometastasis after long-term interval. If it was evaluat-
ed as a resectable second lung cancer, it was appropriate 
to perform surgical resection.

To the best of our knowledge, this is the first report of 
metachronous isolated contralateral lung metastasis from 
pulmonary adenosquamous carcinoma with EGFR muta-
tion. The patient has been survived with disease free at 
present for the 84 months following the diagnosis of the 
first lung adenosquamous carcinoma. It was not possible 
to differentiate the recurrence from the second lung can-
cer as a result in our patient, since the driver gene was 
the same. If we are not sure whether it is recurrence or 
secondary cancer, it is important to evaluate and com-
pare each tumor resected. We do believe that driver gene 
evaluation including EGFR mutation may provide useful 
information in differentiating recurrence from secondary 



144 Hitomi Kawai et al. Acta Medica (Hradec Králové)

cancer in some lung cancer patients. From this perspec-
tive, we emphasize the benefits of our experience for re-
al-life practice.
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