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ORIGINAL  ARTICLE
10.2478/AMB-2023-0001

BIOCHEMICAL CONTROL OF 78 PATIENTS WITH CHRONIC 
HYPOPARATHYROIDISM REFERRED BETWEEN 2006 

AND 2020 – WHERE DO WE ACTUALLY STAND?
M. Boyanov1, D. Zamfi rova1, D. Bakalov1, V. Karamfi lova1, A. Gateva1, Y. Assyov1, E. Zaharieva1, 

K. Atanassova1, G. Sheinkova1, A. Tsakova2, Z. Kamenov1

1Clinic of Endocrinology and Metabolism, University Hospital Alexandrovska, Department of Internal Medi-
cine, Faculty of Medicine, Medical University – Sofi a, Bulgaria

2Central Clinical Laboratory, University Hospital Alexandrovska, Department of Clinical Laboratory 
and Clinical Immunology, Medical University – Sofi a, Bulgaria

Abstract. Hypoparathyroidism (hypoPT) is a relatively rare endocrine disease, mainly due 
to thyroid surgery. The classical supplementation with calcium and active vitamin D may 
represent a challenge to the clinician. Objective: To describe the level of biochemical 
control in patients with chronic hypoPT and to look for diff erences between postsurgical 
and non-surgical cases referred between 2006 and 2020. Materials and Methods: This 
was a retrospective cross-sectional study with data review from the database of a tertiary 
endocrine clinic from the last 15 years. Cases with hypocalcemia not related to PTH were 
excluded. The patients’ medical history was reviewed as well as concomitant diseases and 
medications. Serum calcium (total, albumin-corrected and ionized; sCa, corrCa, iCa+) and 
phosphates (P), magnesium, creatinine, alkaline phosphatase together with 24hr urinary 
calcium and phosphate were measured. The intact parathyroid hormone (iPTH) was deter-
mined by electro-hemi-luminescence (Elecsys, Roche Diagnostics). Thyroid and abdomi-
nal ultrasound (US) were both performed. Results: Seventy-eight patients met the study 
criteria – 69 were females. Most of them were between 30 and 60 years (mean age 50.6 
± 14.5 years). Albumin-corrected calcium was in target in 20.5% of the patients, ionized 
calcium – in 36.5%, serum phosphate – in 46.3%, serum magnesium – in 87.9%. When all 
four parameters were taken together, less than 20% were in target. Hypercalciuria was reg-
istered in 11.8%, while 57.1% of the patients had nephrolithiasis and 27.3% had CKD grade 
3-4. Thus, a high proportion of patients with kidney involvement was identifi ed. Calcium 
carbonate and calcitriol were the preferred replacement choices. Comparing patients with 
post-surgical and non-surgical hypoPT signifi cant diff erences were found only for age, total 
serum calcium, serum magnesium and TSH. Conclusion: Our study is the fi rst of its kind in 
our country during the last two decades describing the contemporary clinical and biochemi-
cal picture of chronic hypoPT in patients referred for specialized care. Low supplementa-
tion doses leading to hypocalcemia and hyperphosphatemia were a common fi nding. Low 
patient’s adherence may be just one possible explanation. Non-surgical cases tend to have 
even lower calcium and magnesium levels. The patients, their families and treating physi-
cians should be better informed about up-to-date management of chronic hypoPT and the 
possible impact of suboptimal treatment on morbidity and mortality of the aff ected subjects.

Key words: parathyroid glands, chronic hypoparathyroidism, laboratory fi ndings, comorbidities

Corresponding author: Prof. Mihail Boyanov, Clinic of Endocrinology and Metabolism, University 
Hospital Alexandrovska; 1, G. Sofi yski Street, 1431 Sofi a, Bulgaria, e-mail: mihailboyanov@yahoo.com

Received: 28 November 2022; Accepted: 2 January 2023



6 M. Boyanov, D. Zamfi rova, D. Bakalov et al.

INTRODUCTION

Hypoparathyroidism (hypoPT) is a relatively 
rare endocrine disorder characterized by in-
appropriately low secretion of parathyroid 

hormone (PTH) with resulting low calcemia [1, 2]. 
In the last two decades its most common etiology is 
iatrogenic injury to the parathyroid glands during thy-
roid surgery, which accounts for more than 75% of all 
cases of chronic hypoPT [3, 4]. However, idiopathic 
and autoimmune forms of hypoPT can still be diag-
nosed in clinical practice. Chronic hypoPT after thy-
roid/parathyroid surgery is diagnosed if hypocalce-
mia / low PTH levels persist for longer than 6 months 
[3, 5-7]. Postoperative hypoPT might be expected in 
6-12% of all thyroidectomies [7, 8]. Risk factors for 
the development of postsurgical hypoPT are big-size 
goiters, Graves’ disease and extensive neck explora-
tions due to malignant disease. 

The replacement treatment for hypoPT is lifelong and 
consists of calcium supplements and active vitamin 
D metabolites [3, 5-7, 9, 10]. More recently, recom-
binant human PTH (rhPTH) has been introduced in 
the USA and several other countries for the treatment 
of resistant cases requiring very high doses of tradi-
tional calcium / vitamin D replacement [11, 12]. The 
goal of treatment is to maintain albumin-corrected 
serum calcium in the lower reference range (2.1-2.3 
mmol/l) together with normal serum phosphates and 
magnesium [5, 7]. 

The treatment success is tightly bound to the pa-
tients’ compliance. A few medications can alter the 
absorption of calcium salts (like proton-pump inhibi-
tors, PPI). Biochemical follow-up is very important for 
proper adjustment of calcium/vitamin D doses [7].

The aim of the present study was to describe the 
level of biochemical control in patients with chronic 
hypoPT and to look for diff erences between postsur-
gical and non-surgical cases.

MATERIALS AND METHODS

Design
This was a retrospective observational cross-sec-
tional study based on hospital chart review of rou-
tine clinical care in our tertiary endocrine clinic. All 
patients had given their informed consent for hos-
pitalization and their data handling. All procedures 
were in accordance with the ethical standards of 
the institutional and/or national research committee 
and with the 1964 Helsinki Declaration and its later 
amendments or comparable ethical standards. The 
inpatients’ hospital records for the last fi fteen years 

were searched through with the keyword “chronic hy-
poparathyroidism”. 

One-hundred and two positive patient records were 
identifi ed between 2006 and 2020. Chronic hypoPT 
was defi ned as a combination of low albumin-cor-
rected or ionized serum calcium and inappropriately 
low parathyroid hormone (PTH) before supplementa-
tion with calcium/active vitamin D [1, 2]. Postsurgical 
hypoPT was confi rmed if the above changes had 
persisted for at least 6 months after thyroid/parathy-
roid surgery [3]. Other causes for hypocalcemia were 
excluded including but not limited to: CKD grade 5, 
malabsorption syndromes, hypercalciuria due to oth-
er causes (loop diuretics, idiopathic, etc.), pseudohy-
perparathyroidism [4, 13]. Ten cases had incomplete 
data and were not included in the analyses. Seventy-
eight patients had complete records and were includ-
ed. The primary reason for their referral to the clinic 
had been the need for biochemical follow-up and for 
proper adjustment of the patients’ calcium/vitamin D 
supplementation. 

Laboratory and hormonal data
Total serum calcium had been measured by a pho-
tometric assay (reference range 2.12-2.62 mmol/l) 
and whenever possible by atomic absorptiometry – 
Ca-AAS. Albumin-corrected calcium was calculated 
based on a mean albumin of 44 g/l (local lab refer-
ence range for albumin 35-52 g/l; and for corrected 
sCa 2.10-2.60 mmol/l). Ionized calcium (iCa+) had 
been measured by atomic absorptiometry (reference 
range 1.1-1.3 mmol/l). Data on serum magnesium 
(reference range 0.65-1.10 mmol/l) and phosphates 
(0.81-1.45 mmol/l) were also present.

Intact PTH (iPTH) had been measured by a second 
generation assay (Elecsys, Roche Diagnostics, Swit-
zerland) and expressed in pmol/l (reference range 
1.59-6.89 pmol/l).

Serum creatinine had been measured by a colorimet-
ric method and the estimated glomerular fi ltration rate 
(eGFR) calculated according to the MDRD-formula 
in ml/min/1.73 m². Urinary excretion of calcium and 
phosphate were measured from 24h urinary samples 
in mmol/24 hr (reference ranges 2.5-8.0 mmol for cal-
ciuria and 13-42 mmol for phosphaturia). 

Imaging 
The imaging included neck ultrasound of all patients 
(using a linear 9-12 MHz transducer, including Dop-
pler imaging). In cases of a visible thyroid paren-
chyma its volume was calculated by multiplying the 
three diameters (anterior-posterior, medial-lateral, 
proximal-distal) and dividing the product by a factor 
of 0.48 (formula for ellipsoids).
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Statistical analysis
All analyses were performed with the SPSS 13.0 for Win-
dows platform (SPSS Corp., Chicago, IL). Descriptive 
statistics and frequency analysis were performed. Miss-
ing data were not replaced. Most of the data were posi-
tively skewed, thus medians and quartile ranges were 
preferred. The Mann-Whitney and Wilcoxon tests were 
used for comparisons of independent and dependent 
samples. Statistical signifi cance was set at p < 0.05.

Results
Among the 102 screened patient records with the diag-
nosis of hypoparathyroidism, 78 patients met the defi ni-
tion of chronic hypoPT and their records contained suf-
fi cient data for analysis (69 females and 9 males). Their 
mean age was 50.6 ± 14.5 years (range 23 – 81 years). 
Their distribution according to age was as follows: 21-30 
yrs – 5.1%; 31-40 yrs – 25.7%; 41-50 yrs – 20.5%; 51-60 
yrs – 23.1%; 61-70 years – 12.8% and > 70 yrs – 12.8% 
(see also Fig. 1).

Fig 1. Age distribution of the 78 included patients with chronic 
hypoPT

The etiology of the hypoPT was post-surgical due to thy-
roidectomy in 60 cases (76.9%) and due to parathyroidec-
tomy – in 3 cases (3.8%). The remaining 15 cases (19.2%) 
were classifi ed as non-surgical (possibly idiopathic) hy-
poPT. The mean duration of the hypoPT was 9.8 years 
(± 12.2 yrs) with a median of 5.5 years. It was less than 
1 year in 35.9%; between 1 and 5 years – in 14.1%; be-
tween 5 and 10 years – in 15.4%; ≥ 10 years – in 34.6%. 

The biochemical and hormonal data of the patients on 
their fi rst day in hospital are presented in Table 1. The fre-
quency distribution of normal/abnormal laboratory values 
is displayed in Table 2. Albumin-corrected calcium was ≥ 
2.10 mmol/l in 30.3% only and in the target range of 2.10-
2.30 mmol/l in 26.5% only. None of the patients presented 
with hypercalcemia (> 2.60 mmol/l). 84.1% of the patients 
had values of ionized calcium below the lower limit of the 
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local lab of 1.16 mmol/l with 2 patients (3.2%) having 
values ≥ 1.32 mmol/l (upper normal limit of local lab). 
The distribution of ionized calcium levels and serum 
phosphates is shown in Fig. 2. Serum phosphates 
were elevated in more than half of the study sample 
with 5 patients (6.4%) showing alarming values ≥ 2.0 
mmol/l. The calcium phosphate product exceeded 4.4 
mmol2/l2 in only 1 patient out of 78.

Table 2. The frequency distribution in percentages of nor-
mal/abnormal (in target/outside target) laboratory values 

is displayed

Laboratory parameter Frequen-
cy, %

Local lab 
range

Albumin-corrected calcium, mmol/l
 ≤ 1.9 mmol/l
 1.90-2.09 mmol/l
 2.10-2.29 mmol/l
 2.30-2.59 mmol/l

47.1%
22.6%
20.5%
9.8%

2.10-2.60 
mmol/l

Ionized calcium, mmol/l
 < 1.0 mmol/l
 1.10-1.20 mmol/l
 > 1.20 mmol/l

54.0%
36.5%
9.5%

1.16-1.32 
mmol/l

Serum phosphates, mmol/l
 In normal range (≤ 1.45 mmol/l)
 Mildly elevated (>1.45 – ≤ 1.70
 mmol/l)
 Severely elevated (> 1.70 mmol/l)

46.3%
30.9%
22.8%

0.81-1.45 
mmol/l

Serum magnesium
 < 0.65 mmol/l
 In range

12.1%
87.9%

0.65-1.10 
mmol/l

iPTH, pmol/l
 < 1.20 (below normal range)
 ≤ 2.30 (low normal)
 > 2.30 (in range)

83.6%
13.7%
 2.7%

1.20-6.90 
pmol/l

Urinary calcium, mmol/24 hr
 < 2.50 mmol/24 hr
 In range
 > UNL (6.50 ♀; 7.00 mmol/l ♂)

45.6%
32.6%
11.8%

♀: 2.50-6.50 
mmol/l 
♂: 2.50-7.00 
mmol/l 

Urinary phosphate, mmol/24 hr
 < 13.0 mmol/l
 In range
 > UNL 

55.9%
41.1%
 3.0%

13.0-42.0 
mmol/24hr

eGFR, ml/min/1.7 m2 (MDRD-formula)
 15-29 (CKD grade 4)
 30-59 (CKD grade 3)
 60-89 (CKD grade 2)
 90-119 (CKD grade 1)
 ≥ 120

 2.7%
24.6%
56.7%
13.3%
 2.7%

TSH, UI/L
 < 0.3 UI/L
 In range
 4.2-10 UI/L (subclinical 
 hypothyroidism)
 > 10 UI/L (overt hypothyroidism)

66 patients
10.6%
56.1%
21.2%
11.1%

0.3-4.2 UI/L

A 

B 
Fig. 2. Frequency distribution in mmol/l of: A) ionized cal-
cium; and B) serum phosphates 

Data on TSH were available from all 66 patients with 
post-surgical hypoPT. A total of 33.3% showed val-
ues above the ULN (> 4.2 mIU/l) indicating possible 
insuffi  cient thyroid hormone replacement. 

Imaging data
Data from renal ultrasound were available in 68 pa-
tients (80.8%). Kidney stones were diagnosed in 
57.1% of them with 9.5% having microcalculi (≤ 4.0 
mm), 42.9% – calculi > 4.0 and ≤ 8.0 mm; and 4.8% 
– bilateral nephrolithiasis. 

All patients with post-surgical hypoPT had thyroid rem-
nants visible on US – their volumes ranging from 1.1 
ml to 19.6 ml. Solitary thyroid nodules were seen in 3 
cases (3.8%) and multiple nodules – in 4 ones (5.1%). 

Calcium/vitamin D replacement 
All participants received vitamin D supplementation 
with nine of them (11.5%) taking cholecalciferol only. 
The preferred active metabolite was calcitriol (62 pa-
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tients – 79.5%), while the remaining seven patients 
on active metabolites (9.0%) were receiving calcidiol 
(alfacalcidiol). The majority were taking 0.5 and 0.75 
mcg calcitriol daily – 28.6% and 34.9% of the whole 
sample, followed by 1.0 mcg daily – 11.1%. Three 
patients only were taking > 1.0 mcg and ≤ 2.0 mcg 
daily with 2.0 mcg being the highest dose prescribed.
Calcium carbonate was the preferred calcium sup-
plement (69 pts – 88.5%). The mean daily dose was 
1417 mg, while the median -1200 mg. Eight patients 
(10.3%) were taking ≤ 600 mg elementary calcium 
daily, while twenty-fi ve (32%) were taking 1200 mg 
and another twenty (25.6%) – 1800 mg daily. The 
highest daily dose was 3.0 grams (1 patient). 
Recombinant PTH is not registered in our country 
and no data on its use could be found in our sample.
Fifty-two patients (82.5% of all post-thyroidectomy 
patients) were taking levothyroxine. The mean and 
median of the daily dose were equal – 100 mcg. The 
distribution of the daily calcium supplementation and 
levothyroxine dose is displayed in Fig. 3.

Concomitant diseases
Data on thyroid autoimmunity were available from 
55 patients (70.5% of the whole sample). Seventeen 

patients had been operated due to Graves’ disease 
(21.8%), while 6 had autoimmune thyroiditis (7.7%). 

The most frequently reported co-morbidity was arte-
rial hypertension – 44 participants (56.4%), which was 
an isolated abnormality in 20 of them (45.5% of the 
hypertensive subgroup). Eleven patients (14.1%) had 
coronary artery disease with 5 of them having survived 
myocardial infarction. Two patients (2.6%) reported 
heart failure and another two (2.6%) – history of stroke.

Malignancy as the cause for the previously performed 
thyroidectomy was identifi ed in 15 patients (22.0% of 
the thyroid postsurgical group): papillary thyroid carci-
noma (PTC) in 12 patients (15.4% of the thyroid post-
surgical group), follicular thyroid carcinoma (FTC), 
sarcoma and thymoma – 3 patients in total, each one 
in 1 patient (6.7% of the postsurgical group). One pa-
tient had been operated for lymphoma of the thyroid. 
Radioiodine ablation had been reported by 7 patients. 

Surgical versus non-surgical hypoPT

Comparing patients with post-surgical and non-surgi-
cal (idiopathic) hypoPT, signifi cant diff erences were 
found only for age, as well as for levels of total serum 
calcium, serum magnesium and TSH (see Table 3).

A  B 
Fig. 3. Distribution of the daily calcium carbonate dose (A) and the levothyroxine dose (B) in the study sample

Table 3. Signifi cantly diff erent parameters between the surgical and non-surgical subgroups of hypoPT

Signifi cantly different parameters Type of hypoPT Mean Standard Deviation Std. Error Mean Signifi cance, p
Age, years Post-surgical 52.5 14.0 1.8 0.023 a
 Non-surgical 43.0 14.7 3.8
Total sCa, mmol/l Post-surgical 1.99 0.28 0.04 0.030 b
 Non-surgical 1.67 0.36 0.10
Serum Mg, mmol/l Post-surgical 0.73 0.06 0.01 0.034 a
 Non-surgical 0.68 0.086 0.024
TSH, UI/L Post-surgical 8.57 17.12 2.33 0.006 b
 Non-surgical 1.79 1.42 0.47

a – equal variances assumed, b – equal variances not assumed.
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The non-surgical patients with hypoPT were of 
younger age and had signifi cantly lower levels of se-
rum calcium, magnesium and TSH.

DISCUSSION

We did a retrospective hospital chart review of pa-
tients with chronic hypoPT referred for regular follow-
up to our tertiary endocrine clinic in the time period 
2006-2020. We registered a very low proportion of 
patients with normal calcium-phosphate metabolism: 
albumin-corrected calcium was in target in 20.5%, ion-
ized calcium – in 36.5%, serum phosphate – in 46.3%, 
magnesium – in 87.9%. If all four parameters taken 
together, less than 20% were in target. More than half 
of the patients (57.1%) had nephrolithiasis and 27.3% 
had CKD grade 3-4 indicating a surprisingly high pro-
portion of patients with kidney involvement. Calcium 
carbonate and calcitriol were the preferred replace-
ment drugs. Our study indicated insuffi  cient calcium/
vitamin D supplementation warranting thorough data 
review and evolving management strategies for better 
adherence and quality of life.

We compared our results on reaching targets of cal-
cium/vitamin D supplementation with already pub-
lished data from other cohorts of patients with chron-
ic hypoPT (see Table 4). Table 4 shows that serum 
levels of total (albumin-corrected) calcium and phos-
phates in our sample were less well corrected than in 
the studies under comparison. On the contrary, data 
on serum magnesium, urinary calcium and glomeru-
lar fi ltration did not diff er substantially.

Considering the insuffi  cient biochemical control of 
hypoPT in our study population a number of reasons 
might be listed. First, all patients were hospitalized 
ones, thus introducing a bias toward more severe 
and uncontrolled disease. Second, for the study pe-
riod active vitamin D metabolites were reimbursed 
in our country while calcium salts were prescribed 
out-of-pocket. This predisposes patients’ adherence 

to vitamin D metabolites only. And third, one should 
not underestimate the patients’ concerns about side 
eff ects. In the case of calcium salts these include 
gastrointestinal complaints (e.g. obstipation, fl atu-
lence and others), risk for vascular calcifi cations and 
renal stones [17-19]. Diff erent strategies have been 
implemented by other authors to overcome these 
worries – alternate calcium intake or even “no cal-
cium” regimens [20, 21]. The most common worries 
about calcitriol are kidney damage and polyuria as 
already reported in a diff erent study with 64 patients 
[20]. Calcitriol has actually been linked to declining 
renal function and risk for polyuria and nephrolithiasis 
[22-25]. Coming back to poor biochemical control of 
our patients, one must keep in mind that it is clearly 
linked to a higher risk for complications and worse 
quality of life as reported elsewhere [25-27].

The supplementation doses reported by the patients 
in our study might also be a bit lower than the opti-
mal ones [3, 5]. Forty-two percent of the subjects on 
calcium carbonate were taking ≤ 1200 mg daily while 
63.5% of those on calcitriol were taking daily doses 
in the range 0.5/0.75 μg which might not always be 
suffi  cient as indicated in up-to-date clinical guidelines 
on hypoPT [3, 5, 6]. The suboptimal dosage might 
be due to both clinicians’ and patients’ preferences 
and, of course, to fi nancial reasons. Another pre-
liminary study revealed that one-third of the patients 
may lack motivation to use calcium whereas half of 
all may be anxious about possible side eff ects [19]. 
In this particular study one third of the patients were 
taking oral calcium and calcitriol less than the rec-
ommended dose [18]. A UK national chronic hypoPT 
audit identifi ed 80 individual patients’ cases and re-
ported compliance with treatment standards between 
98.8% and 60%, whereas the compliance with moni-
toring standards fell even lower – 91.3-20% [28]. In a 
German survey on management of hypoPT by family 
physicians only 75.8% of the patients had data on 
serum calcium and one third of them still showed hy-
pocalcemia [29].

Table 4. Data on reaching targets of calcium/vitamin D supplementation – comparison with already published 
observations

Parameter under study* Our data Russian Registry [14] Canadian Registry [15] Turkish study [16]
Number of subjects 78 544 130 107

Hypocalcemia 69.7% 44.2% 58% 68.1%

High phosphates 53.7% 63.1% 29% 46.2%

Low magnesium 12.1% 23.6% 12%

Hypercalciuria 11.8% 37.6% 36% 43.7%

eGFR < 60 ml/min/1.73 m2 27.3% 15.8% 23%

* According to specifi c lab reference values applied in the studies
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Concerning possible diff erences between surgical 
and non-surgical cases we confi rmed the tenden-
cy for non-surgical patients to be younger and to 
present with deeper hypocalcemia and hypomag-
nesiemia. This fi nding has already been reported 
in previous studies by other authors [14, 30]. The 
reasons behind these diff erences are not yet clear-
ly elucidated but surely refer to the diff erent etiol-
ogy of hypoPT (lack of parathyroid tissue versus 
autoimmune or invasive destruction of the para-
thyroid cells and secretion) [31]. As expected TSH 
was normal in our non-surgical cases while it was 
suboptimal in a great number of post-surgery par-
ticipants meaning that poor adherence to levothy-
roxine treatment might parallel that to the calcium/
vitamin D replacement.

We were struck by the high prevalence of nephroliti-
hiasis in our patients studied with renal ultrasound – 
57.1%. At the same time hypercalciuria was relatively 
uncommon (in 11.8%). In other detailed studies the 
prevalence of renal stones had been reported as low 
as 32.5% [14] or even < 27% [15]. The detrimental 
impact of the hypoPT itself on the kidney has already 
been documented [23]. However, our results on such 
a high rate of renal stones warrants further analysis 
and follow-up.

Our study has some limitations. First, we included pa-
tients referred to a specialized endocrine center intro-
ducing a bias towards more diffi  cult to control cases. 
Second, the presented data are cross-sectional ones 
and longitudinal follow-up might have added further 
value. Third, the number of patients was rather mod-
est therefore not allowing detailed sub-analyses.

CONCLUSION

The major strength of our study was that it described 
the contemporary clinical and biochemical picture of 
chronic hypoPT in patients referred for specialized 
care. Low supplementation doses leading to hypocal-
cemia and hyperphosphatemia were a common fi nd-
ing. Low patient’s adherence may be just one pos-
sible explanation. The non-surgical hypoparathyroid 
patients were of younger age and had signifi cantly 
lower levels of serum calcium and magnesium. All 
the hypoparathyroid patients, their families and treat-
ing physicians should be better informed about up-
to-date guidelines on hypoPT [32] and the possible 
impact of suboptimal treatment on morbidity and 
mortality in hypoparathyroid subjects [33, 34]. Unfor-
tunately, we do not know with certainty yet, whether 
the introduction of treatment of hypoPT with rhPTH 
might be of substantial benefi t to our not well-con-
trolled patients [35].

Ethical considerations

All patients had given their informed consent for hospital-
ization and data handling.

Disclosure Summary: The authors have nothing to disclose.
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Abstract. Aims: The aims of the present study are to investigate the relationship be-
tween the anthropometric indicators and peculiarities of the nutritional intake in people 
with overweight and obesity and the risk factors for the development of dental caries 
in adults. Materials and Methods: The study involved 264 individuals aged between 
18 and 60 years. The following risk factors for the development of dental caries were 
traced: diet (carbohydrate intake), oral hygiene habits and social status in overweight 
and obese people. The dental caries incidence was determined through the DMFT in-
dex, by assessing the total number of teeth which are decayed (D), missing (M) due to 
caries, or fi lled (treated, F). Results: The age-related distribution was as follows: from 
18 to 25 years – 14.4%; from 25 to 35 years – 16.7%; from 35 to 50 years – 42.4%; 
and over 50 years – 26.5%. The established average BMI was 25.60 ± 4.359, with 
the lowest and highest measured values – 18.5 and 37.55, respectively. The value of 
DMFT was 12.55 ± 5.545. A direct correlation between the elevated incidence of dental 
caries in patients with overweight and obesity was revealed. No signifi cant relationship 
was found between the decreased nutritional intake of vitamin D and the incidence of 
dental caries in individuals with Class I and Class II obesity. Conclusion: Dental caries 
and obesity have a similar etiology – improper dietary habits, excessive consumption 
of foods containing low molecular weight carbohydrates and carbonated beverages. 
The reported higher levels of dental caries in these groups could be explained by an 
improper diet and more frequent snacking. 
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INTRODUCTION

 The World Health Organization (WHO) has de-
fi ned obesity as a chronic recurrent disease 
which is included in the international classifi ca-

tion of diseases [1, 2].  The disease is polyetiological, 
having physiological, biochemical, metabolic, ana-
tomical, psychological, social, genetic, and hereditary 
factors. It is believed that the disturbed equilibrium 
between the bacterial species in the intestinal micro-
fl ora, especially Bacteroidetes and Firmicutes, is often 
associated with overweight and obesity [3]. In the in-
testinal microbiome of obese people, a predominance 
of the Firmicutes bacterial species was found, and 
vice versa, in healthy individuals, there were more 
Bacteroides and greater species diversity [4]. Many 
authors consider that obesity results from an energy 
imbalance related to increased caloric intake and de-
creased caloric expenditure [5]. The basic risk factors 
include a sedentary lifestyle and consumption of foods 
rich in fats and refi ned sugars [6, 7, 8]. The higher inci-
dence of obesity is closely connected to: (1) signifi cant 
dietary changes; (2) consumption of carbonated bev-
erages; (3) excessive intake of low molecular weight 
carbohydrates, and (4) changed lifestyle.

Obesity and dental caries share a multi-factor etiol-
ogy. Their incidence results from the dietary and oral 
hygiene habits, as well as the type of food consumed. 
Dental caries is a consequence of the usage of fer-
mentable carbohydrates, including sucrose, glucose, 
fructose, lactose, maltose, and starch [9]. These 
fermentable carbohydrates have a local eff ect on 
dental caries development [10,11].  The interactions 
between the dental structure, a biofi lm formed over 
the tooth’s surface, sugars, the salivary, and genetic 
factors are the main prerequisites for development 
of dental caries. The damage begins with the demin-
eralization of the hard dental tissues as a result of 
the exposure of the tooth enamel to fermentable car-
bohydrates.  Streptococcus mutans and Streptococ-
cus sorbrinus synthesize organic acids (lactic, acetic, 
and formic acids) from the adopted sugars and cre-
ate insoluble extracellular dextran, which contributes 
to bacterial colonization around the tooth surface 
[12] . When the acidity in the dental plaque decreases 
during the process of bacterial fermentation below 
the level of pH 5.5-5.7, the demineralization of the 
tooth enamel begins. This appears after consuming 
too much added sugar found in sweets, carbonated 
beverages, fruit juices, or sugar added to coff ee or 
tea [13]. The consequences of dental caries, espe-
cially if left untreated, can lead to tooth loss, reduced 
chewing ability, low self-esteem, impaired quality of 
life, and a generally negative eff ect on nutrition and 

general health. The severity of this problem has been 
supported by a recent systematic review by Chan et 
al., where more than 50% of adults had a minimum of 
one untreated dental caries [14]. On the other hand, 
the amount and composition (lysozyme, lactoferrin, 
peroxidase enzymes, histatin, proline-rich proteins, 
mucins, glycoproteins, fi bronectin, beta-macroglob-
ulin, lysozyme, secretory immunoglobulin) of saliva 
act as natural protective mechanisms against this 
process [12]. 

 The data on the relationship between overweight and 
the elevated dental caries incidence among adults is 
controversial. Idrees et al. [2], as well as Sharma et 
al. [15], do not establish a statistically signifi cant cor-
relation between the increased body mass index (BMI) 
and the increased frequency of dental caries, but in 
many other studies, a positive correlation between 
these indicators has been reported [13, 16, 17]. The 
main factors related to the increased caries incidence 
in overweight patients are those resulting from nutri-
tional habits as: frequent meals, excessive consump-
tion of fermentable carbohydrates in the food, includ-
ing carbonated beverages, eating of unhealthy and 
high-calorie and cariogenic foods [18].  On the other 
hand, the concentration in the saliva of some micro-
nutrients, such as vitamin D, has a suppressive eff ect 
on bacterial metabolism and dental plaque maturation 
[19]. Thus, they could have a protective eff ect on the 
dental surface demineralization [20].  In some stud-
ies, an elevated dental caries incidence in patients 
with low serum vitamin D concentrations has been re-
vealed [21]. Currently, there is no direct evidence of 
an inversely proportional relationship between the low 
serum levels of the vitamin D and the increased dental 
caries incidence in adults [7]. 

Aims of the study: To investigate the relationship be-
tween anthropometric indicators and the peculiarities 
of the nutritional intake in overweight and obese in-
dividuals and the risk factors for developing dental 
caries in adults aged between 18 and 60 years.

MATERIALS AND METHODS

This is a cross-sectional observational study. It was 
approved by the responsible authorities at the Medi-
cal University of Sofi a and complied with the ethical 
standards and the Declaration of Helsinki. Informed 
consent from each participant prior to his/her partici-
pation in any procedure was obtained. The following 
inclusion criteria for selecting the participants in the 
study were applied: (1) age from 18 to 60 years (the 
age limit was chosen in order to avoid the infl uence 
over the body mass of age-related sarcopenia); (2) 
BMI ≥ 18.5 kg/m²; (3) the minimal level of oral hy-
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giene – twice a day. The exclusion criteria were as 
follows: (1) body weight over 150 kg; (2) obesity 
resulting from the administration of glucocorticoids 
or psychotropic medications; (3) hypercorticism; (4) 
hypothalamic or hereditary syndromes; (5) decom-
pensated hypothyroidism and hyperthyroidism; (6) 
other secondary causes – heart ineffi  ciency, respira-
tory ineffi  ciency, chronic renal failure, cirrhosis of the 
liver, pancreatitis, and musculoskeletal disorders.

The following risk factors for dental caries develop-
ment were traced: diet (carbohydrate intake), oral hy-
giene habits, social status, routine dental visiting, and 
development of new caries over the last 36 months. 
During the clinical examination the number of aff ect-
ed teeth was recorded as follows: (1) dental caries; 
(2) extracted teeth due to dental caries; and (3) fi lled 
teeth, applying the recommendations of the World 
Health Organization published in 1997 and 2013. In 
cases where the diagnosis of dental caries was dif-
fi cult for clinicians, sectoral (periapical) radiographs 
were used. The number of Decayed (D), Missed (M), 
and Filled (F) teeth (DMFT) was calculated. The height 
and weight of the patients were measured. The body 
mass index (BMI) was calculated according to the fol-
lowing formula: BMI = Weight (kg) / Height2 (m2). BMI 
was categorized according to the standard criteria: 
underweight (BMI < 18.5); normal weight (BMI 18.5-
24.9); overweight (BMI 25-29.9), and obesity (BMI > 
30 kg/m2). In addition, information about nutritional 
habits – consumption of carbonated beverages and 
foods containing refi ned sugar; physical activity data; 
smoking, and oral hygiene habits were recorded.

STATISTICAL ANALYSIS

The data were processed using IBM SPSS Statistics 
25 (Armonk, NY, 10504-1722, USA). For the level of 
signifi cance at which the null hypothesis (H0) was 
rejected, it was accepted p < 0.05. Methods of de-
scriptive statistics, correlational analysis, as well as 
methods for testing of hypotheses were applied. The 
following working hypothesis was defi ned: overweight 
and unhealthy dietary habits aff ected the incidence of 
dental caries in adults. To monitor the existence (or 
absence) of a correlation between the frequency of 
dental caries and the impact of overweight, we used 
a non-parametric Spearman's test.

RESULTS

A total of 264 patients (128 men and 136 women), aged 
between 18 and 60 years, were examined. According 
to the age groups, the distribution is as follows: from 18 
to 25 years – 14.4%; from 25 to 35 years – 16.7%; from 
35 to 50 years – 42.4%; and over 50 years – 26.5%. We 
found a high incidence of dental caries. It was revealed 
that the DMFT index values were ranging between 1 
and 21. The average value of DMFT index was 12.55 
(SD = 5.54). We used the Kruskal-Wallis test to check if 
the DMFT index was distributed evenly between all age 
groups. The data showed a statistically signifi cant dif-
ference in the distribution of DMFT values in  the among 
age groups (h 89.353; df 3; P = 0.001, n 264). An in-
crease in the incidence of dental caries was also estab-
lished as age increased (Figure 1).

Fig. 1. Distribution of 
DMFT* is defi ned by age 
groups and sex. An in-
crease in the incidence 
and the number of teeth 
aff ected by dental caries is 
observed as age increas-
es. In patients under 25 
years, the average DMFT 
values are approximately 
the same in men and 
women, in the group with 
participants aged 25-35 
years it is higher in men, 
whereas in the next two 
groups, they are distrib-
uted almost similarly. As 
age increases, the trend 
related to increasing the 
number of teeth aff ected 
by caries is stable

* DMFT – Decayed, Missing, 
and Filled Teeth
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Table 1. Distribution of BMI according to the age groups and sex

BMI Groups
Sex

Male Female Total
Normal weight Age Groups From 18 to 25 16 16 32

From 25 to 35 13 15 28
From 35 to 50 12 30 42
Over 50 4 6 10

Normal weight group total: 45 67 112
Overweight Age Groups From 18 to 25 4 0 4

From 25 to 35 7 6 13
From 35 to 50 27 23 50
Over 50 23 13 36

Overweight group total: 61 42 103
Obese Age Groups From 18 to 25 0 2 2

From 25 to 35 0 3 3
From 35 to 50 9 11 20
Over 50 13 11 24

Obese group total: 22 27 49
Total for all groups: 128 136 264

* DMFT – Decayed, 
Missing, and Filled 
Teeth

Fig. 2. Distribution of DMFT* between the overweight and obesity groups (n = 152)

The mean value of BMI in the cases was 25.60 (n 
264), St. Dev = 4.359. The lowest BMI was 18.5, 
whereas the highest BMI – 37.55. The distribution 
of the indicator tracked, according to the age groups 
and sex, is presented in Table 1.

The results showed that overweight and obesity have 
a statistically  signifi cant correlation with the elevated 
incidence of dental caries in the studied cases (Rho 
= 0.592; p = 0.001, n 264). We did not fi nd statisti-
cally signifi cant diff erences related to the increased 
DMFT values in the overweight and obese patients 
according to their sex (Mann-Whitney U = 8628.000; 
Z = -0.123; p = 0.902, n 264) (Figure 2). 

The data in Figure 2 show that the mean values of 
DMFT levels in the selected sample of overweight 
cases (BMI 25-29.9) demonstrate close values to the 
Class I obesity (BMI from 30 to 34.9) and Class II 
obesity. DMTF is similarly distributed between men 
and women. 

The average daily intake of vitamin D in all groups 
of studied participants was lower than the recom-
mended dietary intake of 15 μg/day (the average 
daily intake of vitamin D for the entire group was 6.6 
μg/day). In the groups with a BMI higher than 30, the 
nutritional intake of Vitamin D was the lowest – 6.0 
μg/day, aff ecting mostly women with Class II (BMI > 
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35) and Class III obesity (BMI > 40) [39]. We tried to 
fi nd evidence regarding the existence or absence of 
a relationship between the higher DMFT values and 
the low nutritional intake of Vitamin D among these 
groups. No statistically signifi cant diff erence in DMFT 
distribution and reduced intake of vitamin D was 
found in these groups. 

DISCUSSION

The results of our study give us grounds to accept the 
null hypothesis (H0). We found a direct correlation be-
tween increasement in the dental caries incidence and 
the cases of overweight and obesity. The dental caries 
incidence in men and women from the studied groups 
is similarly distributed. The mentioned data fully com-
plies with the fi ndings of Abbass M. et al. [16], Pereira 
A. et al. [18], Iwasaki T. et al. [22], and Hamasha AA. 
et al. [23]. The foregoing studies have been conduct-
ed among adults in Japan, Saudi Arabia, Egypt, and 
Brazil. Such a relationship has not been found in the 
study conducted in the Republic of Korea by Song IS. 
et al. [24]. The authors did not establish a connection 
between the increased BMI values and the elevated 
incidence of dental caries. This diff erence indicates 
the polyethiology of the dental caries, which is mainly 
dominated by dietary habits and the food composition 
used in various geographical regions.

Other studies by Słotwińska S. et al. [20] and Alswat 
K. et al. [25] have found that overweight patients have 
a greater incidence of dental caries than the patients 
from other groups. Increased incidence of dental car-
ies (DMFT > 6.5) is associated with more frequent 
food intake and is not related to the sex of the par-
ticipants in the studied group. The study of Modéer T. 
et al. [21] has shown that overweight and obese pa-
tients are more aff ected by dental caries than those 
with normal weight, which may be explained by the 
frequent snacking in these groups and consumption 
of foods containing low molecular weight carbohy-
drates.

Our data show that the elevated dental caries inci-
dence in patients with overweight and obesity aff ects 
equally both sexes, being in accordance with the 
foregoing studies. Furthermore, like Abbass M. et al. 
[16], we have found a signifi cant increase in the inci-
dence of the DTMF index as age increases.

The infl uence of serum vitamin D concentrations as 
a protective factor in the etiology of dental caries in 
adults has not been fully clarifi ed so far. However, 
we have found very close average values in the in-
cidence of dental caries related to overweight and 
obesity groups. These results are in full compliance 
with the studies of Hujoel P. et al. [9] and Hu Z. et al. 

[19]. Although, the intake of vitamins (including vita-
min D) is often recommended as a protective mea-
sure against oral diseases and dental caries, there is 
currently no persuasive evidence of their protective 
function in terms of dental caries in adults. 

In our study, we found higher values of dental car-
ies distribution, and, the coeffi  cient of DMFT (12.55 
± 5.545) compared to the data obtained from other 
geographical regions. Higher values of DMFT index 
for our country have been reported by Bonev B. et 
al.: 17.8 ± 7.98 [26]. These diff erences are probably 
related not only to the size of the sample used but 
also to the place of living of the studied groups. Un-
like our study, in their sample, 47% of the cases were 
residents of small towns and villages, where the ac-
cess to health care diff ers from that in the big cities.

CONCLUSION

This study has shown a direct relationship between 
the increased dental caries incidence and BMI 
in patients with overweight and obesity. Men and 
women are equally aff ected by this condition. Both 
diseases have similar etiology – improper dietary 
habits, excessive consumption of foods containing 
low molecular weight carbohydrates and carbon-
ated beverages. Overweight and obese patients 
are at greater risk of dental caries development. 
The more frequent snacking can explain the higher 
DMFT values in this group.
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Abstract. Objective: The aim of this study was to investigate the potential association of 
rs11206510 in PCSK9 gene with coronary artery disease (CAD) and myocardial infarc-
tion (MI) in Bulgarians. Materials and Methods: The current analysis included 261 pa-
tients with angiographically documented CAD (153 with MI and 108 without MI) and 496 
population – based controls. Genomic DNA was extracted from venous blood samples. 
The selected polymorphism was genotyped by TaqMan SNP Genotyping Assay. The 
genotype and allele frequencies were compared between cases and controls using χ2 
test. Results: In this study, the presence of the T allele of rs11206510 in the PCSK9 
gene was found to be associated with elevated risk for MI in patients with already exist-
ing myocardial ischemia (allele T, OR1.78,CI95:1.16-2.73, p = 0.007). The result was 
enhanced in the male subgroup (allele T, OR1.74, CI95:1.02-2.96, p = 0.038). Also, we 
found reduced risk of CAD (without MI) for T allele (OR0.70, CI95:0.49-0.99, p = 0.04). 
This trend was stronger in the male subgroup (OR0.56, CI95:0.35-0.90, p = 0.02). There 
was not any relationship of the studied genetic variant with the levels of total cholesterol, 
triglycerides, low density lipoproteins and high-density lipoproteins, or with systolic and 
diastolic blood pressure values. Conclusion: Our study found a diff erence in the fre-
quencies of rs11206510 genotypes and alleles in the PCSK9 gene between cases and 
controls, and the relationship of the investigated polymorphism to the risk of cardiac 
injury in the Bulgarian population was demonstrated. Further investigations with a larger 
number of cases and controls will be needed in order to evaluate a possible association 
between this variant and CAD/MI in Bulgarians.
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INTRODUCTION

The gene PCSK9 codes the protein proprotein 
convertase subtilisin/kexin type 9. The enzyme 
reduces the number of low-density lipoprotein 

receptors (LDLR) at the surface of the hepatocyte 
[1]. This is followed by changes in lipid profi le and el-
evated levels of LDL cholesterol in the blood. In 2003 
year the fi rst mutation in the PCSK9 gene was found 
- dominant form of familial hypercholesterolemia, and 
this initiated the understanding of the cholesterol me-
tabolism [2].

A meta-analysis of 32 scientifi c studies showed sig-
nifi cant association between the allele variant G of 
rs505151 in PCSK9 and higher levels of LDL choles-
terol in the serum of Caucasian people. The same 
polymorphism was also associated with higher in-
cidence of cardio-vascular incidents. On the other 
hand, the T allele of variant rs11591147 in PCSK9 
was associated with lower levels of serum cholester-
ol and LDL cholesterol, as well as with lower risk for 
cardio-vascular incidents [3].

Other meta-analyses show association between the 
variant rs505151 in PCSK9 with higher levels of cho-
lesterol, LDL-cholesterol, and cardio-vascular risk [4, 5].

These variants, as well as others in the gene PCSK9, 
can be used as genetic biomarkers for evaluation of 
cardio-vascular risk. This will help the diagnostic and 
prognostic process and will enhance the success of 
treatment in cardio-vascular diseases associated with 
dyslipidemia. That is why the indebt study of the poly-
morphisms of PCSK9 in the Bulgarian population is 
necessary in the context of successful future geneti-
cally based prophylaxis of socially important diseases. 

MATERIALS AND METHODS 

The study included patients with angiographically 
proven coronary artery disease (CAD), with or without 

myocardial infarction, who were hospitalised in one of 
the affi  liated cardiology clinics. All population controls 
were from the DNA biobank of the Molecular Medicine 
Center, Medical University, Sofi a, Bulgaria. The Na-
tional University Complex for Biomedical and Trans-
lational Research (NUCBTR) is a strategic network of 
infrastructures for fundamental and translational bio-
medical research and includes partners from two of 
the largest medical universities in Bulgaria, the Medi-
cal University of Sofi a and the Medical University of 
Plovdiv, as well as a number of hospital and research 
centers. At the core of the University Complex is the 
unifi cation of the largest biobanks for the storage of 
biological material and clinical data in the country.

Inclusion criteria for the patients with CAD: 1. Age 
between 18 and 75 years; 2. Systolic blood pressure 
≤ 120 mm Hg; 3. Diastolic blood pressure ≤ 80 mm 
Hg; 4. CAD proven by coronary angiography; 5. Hos-
pitalized or ambulatory patients. 6. Signed written in-
formed consent for participation in the current study. 

Exclusion criteria: 1. Age below 18 years or above 
75 years; 2. Absence of CAD established by coro-
nary angiography; 3. Absence of signed informed 
consent; 4. Acute renal failure; acute liver failure; 5. 
Severe anemia, requiring transfusion; 6. Chronic di-
alysis; 7. Epilepsy.

The demographic and clinical characteristics of the 
studied groups of patients with CAD with and without 
MI and the population controls, are given in Table 1.

The basic laboratory panel recommended by the 
World Health Organization for the precise assess-
ment of cardiovascular risk (serum glucose levels, to-
tal cholesterol, ASAT, ALAT, GGT, IGF-1 – insulin like 
growth factor 1, TSH – thyroid stimulating hormone) 
known only for 1/3 of the population controls and for 
all patients with CAD.

All participants in the study were genotyped for polymor-
phic variant rs11206510 in gene PCSK9 (Table 2). The 

Table 1. Demographic and clinical characteristics of the studied groups of patients and the population controls

CAD (N = 108) MI (N = 153) Population controls (N = 496)
Age (years) 66.27 ± 8.81 66.34 ± 10.39 36.08 ± 12.99
Sex (males) 60 (55.56) 92 (60.53) 241 (48.59)
BMI (kg/m2) 29.66 ± 5.72 28.36 ± 4.89 25.66 ± 4.91
Total cholesterol (mmol/l) 5.64 ± 1.04 5.94 ± 0.75 4.99 ± 0.94
Triglycerides (mmol/l) 1.32 ± 0.67 2.07 ± 0.56 0.93 ± 0.56
LDL-cholesterol (mmol/l) 4.23 ± 1.06 4.14 ± 0.79 3.18 ± 0.88
HDL-cholesterol (mmol/l) 1.22 ± 0.37 1.39 ± 0.28 1.62 ± 0.40
Systolic blood pressure (SBP) (mmHg) 147.86 ± 21.83 135.92 ± 10.96 -
Diastolic blood pressure (DBP) (mmHg) 87.50 ± 13.64 83.64 ± 6.60 -



21Polymorphic variant rs11206510 in PCSK9...

genomic DNA was isolated from peripheral venous 
blood. The studied polymorphic variant was geno-
typed with the use of TaqMan SNP Genotyping Assay 
(Applied Biosystems). 

The comparative statistical analysis of the genotypic 
and allelic frequencies between patients with CAD 
and healthy controls was done with the use of χ2 test. 
We also conducted a check of the Hardy – Weinberg 
equation. For statistically signifi cant diff erence was 
accepted p < 0.05. The analysis was done with SPSS 
version 19.0 (IBM).

Ethical Aspects: the study was approved by the Ethi-
cal committee of Medical University Sofi a, Bulgaria 
and the Ethical Committee of Medical University 
Pleven. The study was conducted in accordance with 
ethical principles of the Declaration of Helsinki for hu-
man rights form 1975 year.

RESULTS

The current analysis included 261 patients with an-
giographically proven CAD (153 patients with MI [6, 
7] and 108 without MI) and 496 population controls. 
All participants were genotyped for the polymorphic 
variant rs11206510 in gene PCSK9. 

The allelic and genotypic frequencies of rs11206510 in 
gene PCSK9 in the group of patients with CAS and the 
population group of Bulgarians is given in tables 3-6. 

As a result of the current genetic analysis we found, 
that in Bulgarians with CAD without MI, the more fre-
quent T allele of the polymorphic variant rs11206510 
in gene PCSK9 could not be associated with higher 
risk for CAD incidence (OR 0.70, CI95: 0.49-0.99, p = 
0.04). This tendency was stronger for males as com-
pared to females (OR 0.56, CI95:0.35-0.90, р = 0.02) 
(Table 4). 

The polymorphic allele T was a risk one for the inci-
dence of MI in patients with already developed CAD 
– allele T, OR 1.78, CI95: 1.16-2.73, p = 0.007. This 
eff ect was stronger for males as compared to fe-
males – allele Т, OR 1.74, CI95: 1.02-2.96, p = 0.038 
(Table 6).

As addition, we conducted associative analysis for 
a potential association between several clinical vari-
ables and a certain genotype of rs11206510 in gene 
PCSK9 (Table 7).

Table 2. Genome information for the polymorphic variant rs11206510 in gene PCSK9

Chromosome Position Gene Identifi cation number Change Type of change Localization

1p32.3 55496039 PCSK9 rs11206510 T > C transition intron
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We could not fi nd any statistically signifi cant dif-
ference between the mean values of total choles-
terol value, HDL-cholesterol (HDL), LDL-cholester-
ol (LDL), triglyceride levels (TGs), systolic blood 
pressure (SBP), diastolic blood pressure (DBP) in 
the groups of patients with and without the genetic 
variants СС, СТ and ТТ of rs11206510 in PCSK9 
(Table 7). 

DISCUSSION

Dyslipidemia is one of the major risk factors for 
development and progression of cardio-vascular 
diseases [8]. The statins play a basic role in the 
treatment of dyslipidemia, however, they may have 
diff erent clinical and laboratory side eff ects with re-
spect to the genetic profi le of the given patient. The 
fi nding of mutations in the PCSK9 gene recently, 
and its association with the levels of LDL-choles-
terol was related to cardio-vascular incidents. The 
gene PCSK9 encodes an enzyme, which reduces 
LDLR on the hepatocyte membrane. This induces 
changes in the lipid profi le and elevation of LDL-
cholesterol [2]. The polymorphic variants of PCSK9 
have a complex signifi cance for the pathogenesis 
and regulation of LDL levels [2, 9]. This induced 
the development of a whole new drug class for the 
treatment of severe dyslipidemia [9, 10]. 

A multilocus study, aimed at assessment of the ge-
netic risk on the basis of 27 chromosome loci, incl. 
PCSK9, identifi ed individuals with elevated risk for 
cardio-vascular events. These fi ndings were based 
on the results from the Malmo Diet and Cancer 
study, and four additional randomized controlled tri-
als: JUPITER, ASCOT, CARE and PROVE IT-TIMI 
22 [11].

The aim of the current trial was to test if there was as-
sociation between polymorphic variant rs11206510 
in gene PCSK9 and the risk for CAD and MI in Bul-
garians. We did not fi nd T allele associated with a 
higher risk for CAD, but in patients with already de-
veloped ischemia, it was associated with elevated 
risk for MI.

A possible explanation for the discrepancy with the 
literature because of lack of association of T allele 
and CAD can be explained with two factors, which 
can be corrected in future trials. First, we used 
population controls and not age-matched control 
individuals. It can be suspected that a large num-
ber of genetically predisposed but clinically still 
not manifested young individuals were included in 
the control group. Second, the patients with angio-
graphically proven CAD in the study were relatively 
elderly, with multiple concomitant cardio-vascular 

and socio-economic risk factors that may modify 
the added, non-genetically associated cardio-vas-
cular risk. The contemporary conception for the 
genetic predisposition of CAD is that it is based 
on multiple genes and loci with relatively small 
individual signifi cance [12]. In a relatively small 
sample size, some discrepancies with the fi ndings 
from GWAS may arise. However, it is important to 
emphasize that the study of the genetic aspects of 
CAD in Bulgarians is important, because this is a 
high-risk group and specifi c genetic variants may 
potentially play a role. It should also be noted, that 
a variety of modifi able risk factors that form the en-
vironment could infl uence the genetic expression 
of certain variants and further modify the local phe-
notypic spectrum [13, 14].

It was impossible from a practical point of view to fi nd 
a control group of healthy individuals with a mean 
age, corresponding to the mean age of the CAD pa-
tients. Because of this reason, in the present study 
we recruited a twice larger sample of population con-
trols compared with patients with cardiovascular dis-
ease. Their DNA was from the national biobank of the 
Molecular Medical Center, Medical University Sofi a, 
Bulgaria. The use of a much larger control group was 
meant to match the polymorphic variant frequencies 
of the general population. It was expected that the 
frequencies in the patients’ group would be much 
higher. 

In the literature, the precise association between a 
given allele/genotype is not one. In a study of Zhu et 
al. was found that CC and CT genotypes were as-
sociated with elevated CAD mortality rate in patients 
on statins [15].

The result for a higher risk for MI in T allele corre-
sponded to the major fi ndings in the literature [16].

The diff erence in the plasma LDL levels and the 
total cholesterol levels did not diff er signifi cantly 
between the wild type and the heterozygous to the 
polymorphic allele C. The potential explanations 
were two: either the sample size is not big enough, 
or the eff ect of statins treatment masks the precise 
genetic association with a given levels of choles-
terol. According to the general recommendations, 
all the patients with CAD have indications for statin 
treatment [17, 18, 19]. In the literature there are 
many positive results for a potential association of 
rs11206510 in gene PCSK9 with the values of lip-
ids in blood. There are studies in the literature for a 
potential association with the given polymorphism 
and the risk for CAD.

A meta-analysis from 2013 of Zhou et al showed that 
the polymorphic variant was a risk factor for CAD in 
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Caucasians (P = 0.007, OR = 1.09, 95% CI = 1.03-
1.17), but not in Asians (P = 0.167, OR = 1.16, 95% 
CI = 0.94-1.43) [20]. Earlier studies in the fi eld proved 
the role of the TGs, LDL cholesterol, HDL cholesterol 
as independent predictors for CAD. Some genetic 
variants may be exposed to the infl uence of serum 
lipids and their expression thus, modifi ed [22].

In 2010, Teslovich et al. published association 
study of case-control type, that included more than 
100,000 Europeans. They test the association be-
tween cardiovascular disease and several polymor-
phic variants in genes PCSK9 and LDLR [23]. The 
results showed that the alleles rs11206510-T in gene 
PCSK9 and rs1122608-G in gene LDLR were asso-
ciated with higher levels of LDL cholesterol and total 
cholesterol, and thus were risk factors for cardio-vas-
cular disease. 

Guella et al. in 2010 year found that the rare C al-
lele of rs11206510 in gene PCSK9 signifi cantly cor-
related with lower LDL levels – OR = 0.82, 95% CI = 
0.73-0.93, P = 1.89×10-3) and the total cholesterol 
(OR = 0.80, 95% CI = 0.72-0.89, P = 8.12×10-5) in 
Italians [24]. 

According to Willer et al., rs11206510 was positively 
associated both with the concentration of LDL cho-
lesterol and the risk for CAD in Europeans [25].

Another three genome association studies confi rmed 
the signifi cance of rs11206510 (T > C) in PCSK9 as 
a risk factor for CAD in Europeans [26-28].

Contrary to the above results were the fi ndings 
of Reilly et al in 2011 year, who could not confi rm 
such an association in Europeans in a genome wide 
study [29].

CONCLUSION

This is the fi rst study of the potential association 
of polymorphic variant rs11206510 in gene PCSK9 
and CAD with or without MI in Bulgarians. The data 
cannot confi rm the role of this polymorphism in 
cardio-vascular pathology because of the small ef-
fect on the studied disease and the possibly insuf-
fi cient number of patients and controls. The further 
study of other polymorphic variants in PCSK9 will 
help build the whole picture for the possible role of 
this gene in the cardio-vascular pathology, locally 
in Bulgarians.

Disclosure Summary: The authors have nothing to disclose.
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Abstract. Background and objective: Cotinus coggygria Scop. is a valuable medicinal 
plant species with pronounced pharmacological potential due to its numerous biological 
activities. The herb is characterized by a high content of polyphenols among which is fustin. 
The anticancer activities of fustin, however, are extremely weakly studied. The aim of the 
present study was to investigate the in vitro antiproliferative potential of fustin isolated from 
the heartwood of C. coggygria against cell lines originating from two of the most common 
cancer types – breast (MDA-MB-231 and MCF7), and colon cancer (Colon 26). Materials 
and methods: Cell growth inhibitory properties of fustin were examined by MTT assay. 
Subsequently, phase-contrast and fl uorescence microscopy analysis as well as colony-
forming assay were carried out on the most sensitive to the cytostatic action of the fustin 
cell line. Results: The obtained results showed that fustin reduced the proliferation of 
all studied cell lines. The highest cytostatic eff ect was registered towards breast cancer 
MDA-MB-231 cells with a half maximal inhibitory concentration (IC50) value of 56.02 μg/
ml followed by colon cancer cells with an IC50 of 78.07 μg/ml. MCF7 cell proliferation was 
least aff ected with a calculated IC50 of 187.8 μg/ml. Further investigations on breast cancer 
MDA-MB-231 cells indicated decreased density of cell monolayer and some morphological 
alterations, signifi cant attenuation in the number of viable cells, and diminished clonogenic 
ability of cells after fustin exposure. Conclusion: It could be concluded that fustin isolated 
from the heartwood of medicinal plant C. coggygria possesses marked antiproliferative 
properties against breast cancer cell line MDA-MB-231 which will be a subject of our more 
detailed future investigations.

Key words: fustin, C. coggygria Scop., antiproliferative eff ect, MDA-MB-231, MCF7, Colon 26
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INTRODUCTION

Cancer is one of the leading causes of mor-
tality worldwide with about 10 million deaths 
reported in 2020 [1]. Considering the adverse 

and often life-threatening side eff ects of cancer treat-
ment, the need for more eff ective, non-toxic, well-tol-
erated, and at the same time cost-eff ective and read-
ily available anticancer agents is imperative.

Medicinal plants play an increasingly important role 
in the therapy and prevention of a number of diseas-
es, including cancer, both independently or comple-
mentary to conventional therapy. Cotinus coggygria 
Scop. (Anacardiaceae), also known as European 
smoke tree, is a medicinal plant with a wide range 
of distribution from southern Europe, Central Asia 
and the Himalayas to northern China. The herb is 
traditionally used in folk medicine for treatment of 
skin ailments, paradontosis, gastric and duodenal 
ulcers, diarrhea, cardiac and renal diseases, diabe-
tes, asthma, cough, liver disease, cancer, and many 
others. The plant also possesses various proven 
biological and therapeutic properties, such as anti-
haemorrhagic, antipyretic, antiseptic, immunomodu-
latory, antioxidant, anti-infl ammatory, antigenotoxic, 
anticancer, hepatoprotective, antibacterial, antiviral, 
etc. [2, 3].

C. coggygria is well-distinguished by the presence of 
wide range of polyphenolic secondary metabolites, 
including sulfuretin (3′,4′,6-trihydroxyaurone), fi setin 
(3′,4′,7-trihydroxyfl avonol), taxifolin (5,7,3’,4’-fl avan-
on-ol), quercetin (3,3’,4’,5,7-pentahydroxyfl avone), 
butein (trans-2’,3,4,4’-tetrahydroxychalcone), butin 
(3 ’,4’,7-trihydroxyfl avanone), rutin (3,3′,4′,5,7-penta -
hy dro xyfl avone-3-rhamnoglucoside), liquiritigenin (4’,7-di -
hy droxyfl avanone), isoliquiritigenin (trans-2’,4,4’-tri-
hydroxychalcone), gallic acid (3,4,5-trihydro xy ben-
zoic acid), 4’,5,7-trihydroxyfl avanone, eriodictyol 
(3′,4′,5,7-tetrahydroxyfl avanone), fi setinidol-(4α→8)-
(+)-catechin, epifi setinidol-(4β→8)-(+)-catechin, ep-
oxide (2,10-oxy-10-methoxysulfuretin), cotinignan A, 
etc. [4-6]. Among the polyphenolic compounds in the 
medicinal shrub is fustin (3’,4’,7-trihydroxyfl avanol), 
also known as “dihydrofi setin”. Fustin is a fl avanonol 
subtype of fl avonoid.

Flavonoids are a major class of phytochemicals with 
about 4000 types reported in plants [7] and are in-

tensively studied in recent years due to their chemo-
preventive and chemotherapeutic properties against 
diff erent kinds of cancer [8].

Fustin is weakly studied in regard to its anticancer and 
chemopreventive qualities. There are only a few re-
ports stating that fustin promoted cell death of multiple 
myeloma cells and suppressed tumor cell growth in 
vivo in BALB/c mice in combination with epigallocate-
chin-3-O-gallate [9], and possesses protective activity 
against chromosome aberrations in peripheral human 
lymphocytes [10].

AIM OF THE STUDY

Taking into account the limited data about the an-
ticancer potential of the natural fl avonoid fustin the 
aim of the present research was to assess the in 
vitro antiproliferative capacity of  fustin isolated from 
the heartwood of C. coggygria against cell lines origi-
nating from two of the most common cancer types 
– breast and colon cancer.

MATERIALS AND METHODS

Plant material and extraction

The C. coggygria  heartwood was collected at Delib-
latska Peščara (Deliblato Sand), Vojvodina province, 
Serbia, in May 2019. Plant material was identifi ed by 
Prof. Milan Veljic, Faculty of Biology, University of Bel-
grade, and voucher specimen BEOU 17422 was de-
posited at the Herbarium of the Institute of Botany and 
Botanical Garden “Jevremovac”, Belgrade, Serbia. 
The heartwood was air-dried and milled to a fi ne pow-
der. Wood powder, 1 kg, was extracted three times 
with 10 l of methylene chloride/methanol 1:1 for 24 h 
at room temperature to give 76 g of the crude extract 
which was subjected to fractionation by Si gel CC.

Isolation and identifi cation of fustin
For column chromatography (CC) Merck silica gel 
(Si gel) (particle size 0.063-0.200 mm), methanol 
and methylene chloride were used. Analytical TLC 
was performed on aluminium plates precoated with 
Merck silica gel 60 F254 (0.25 mm thickness). The 
NMR spectra were obtained on a Bruker Avance III 
500 (500 MHz for 1H; 125 MHz for 13C), in CD3OD 
as solvent. Chemical shifts (d) were expressed in 
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ppm and coupling constants (J) in hertz (Hz). Semi-
preparative reversed phased HPLC was performed 
on Agilent Technologies 1100 Series HPLC-DAD and 
Zorbax Eclipse XDB C18 column (150 × 9.4 mm, i.d. 
5 μm) was used.

Crude extract was chromatographed on a Si gel CC 
column (750 × 45 mm), with methylene chloride/meth-
anol (gradient elution – from 97/3 to 60/40). This step 
was repeated seven times to obtain high amounts оf 
fustin. Column chromatography was monitored by 
TLC, and the fractions with similar Rf values were 
combined. Fustin was found in fractions eluted with 
methylene chloride/methanol approximately 80:20. 
Pure fustin was isolated from these fractions by re-
versed phase semi-preparative HPLC using water/
acetonitrile system, 254 nm for detection and the 
following program: 0-20 min, 20-37% CH3CN; 20-21 
min, 37-50% CH3CN; 21-27 min, 50% CH3CN; and 
27-30 min, 50-100% CH3CN. Fustin was purifi ed up 
to 98% on reversed phase semiprep. HPLC using the 
following program: 0-20 min, 25-40% CH3CN (Rt = 
5.1 min).

Cell lines and culturing conditions
 Two human breast cancer cell lines, MDA-MB-231 
( triple negative breast cancer subtype – TNBC) and 
MCF7 ( luminal A breast cancer subtype), and a mu-
rine  colon adenocarcinoma cell line Colon 26 were 
purchased from American Type Culture Collection 
(ATCC, Manassas, Virginia, USA). The cells were cul-
tured in Dulbecco’s Modifi ed Eagle’s Medium (DMEM) 
supplemented with 10% fetal bovine serum (FBS) at 
37°C in a humidifi ed atmosphere containing 5% CO2.

MTT  cell proliferation assay

Cell proliferation was assessed by MTT [3-(4,5-di-
methylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide] 
assay [11]. Cells were seeded in 96-well plates at a 
density of 5×103 cells per well and after overnight in-
cubation were treated with increasing concentrations 
of fustin (5-135 μg/ml) in a new medium for 72 h. As 
a negative control were used untreated cells cultured 
in a medium for the same time period.

During the last 4 h of the incubation 20 μl МТТ so-
lution with a concentration of 5 mg/ml per well was 
added and the samples were incubated in dark. At 
the end of incubation the medium was removed, the 
formazan complex was dissolved in 10% SDS and 
0.01 M HCI, and the absorbance was measured at 
570 nm on a microplate reader (Thermo Scientifi c 
Multiskan Spectrum). The percentage of cell prolif-
eration was calculated using the following formula:

Cell proliferation (%) = (Absorbance test sample/Ab-
sorbance control) × 100

 Phase-Contrast Light  Microscopy
Phase-contrast observation of the cells was done in 
order to monitor any alterations in their morphology 
after treatment with fustin  at concentrations of 35, 55, 
and 75 μg/ml for 72 h. Phase-contrast micrographs 
were taken at magnifi cations of 10× with a Leitz mi-
croscope equipped with a digital camera.

Fluorescent Microscopy
Fluorescein diacetate (FDA) staining of cells was 
performed for visualization and a quantitative evalu-
ation of viable metabolic active cells after 72 h treat-
ment with the studied biofl avonoid at concentrations 
of 35, 55, and 75 μg/ml. At the initial step of the analy-
sis, 1.25×104 cells were seeded on round coverslips 
placed in a 24-well plate, incubated overnight for at-
tachment and treated on the next day with fustin. At 
the end of the incubation time, cells were observed at 
a magnifi cation of 10× under fl uorescent microscope 
Axiovert 25 (Carl Zeiss, Germany) equipped with a 
digital camera after staining for 2 min with 0.001% 
FDA dissolved in acetone and washed with 1× Phos-
phate Buff ered Saline (PBS). Afterward, the micro-
graphs were analyzed by ImageJ software to count 
the number of viable  attached cells.

Colony-forming assay
For the analysis evaluating cell capability to prolifer-
ate and form a colony, cells were seeded at a den-
sity of 1×103 cells per well in 6-well plates, allowed 
to attach overnight, and treated with 35 μg/ml fustin. 
After 5 days, cells were fi xed and stained with 2% 
methylene blue in 50% ethanol for 20 min for colony 
visualization.

Statistical analysis
Data were presented as means ± standard error of 
the mean (SEM) of three independent experiments 
each performed in at least three parallel repeats. The 
half maximal inhibitory concentration (IC50) values 
were calculated by GraphPad Prism 7 (GraphPad 
Software, San Diego, CA, USA). Statistical diff er-
ences between control untreated and treated groups 
were determined by one-way analysis of variance 
(ANOVA) followed by Dunnett’s post-hoc test and the 
results were considered signifi cant if p < 0.05.

RESULTS

Antiproliferative potential of C. coggygria isolated 
 fustin on  MDA-MB-231, MCF7 and Colon 26 cells
The antiproliferative properties of fustin isolated from 
the heartwood of Cotinus coggygria were studied on hu-
man breast cancer cell lines MDA-MB-231 and MCF7, 
and a murine colon adenocarcinoma cell line Colon 26 
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after 72 h period of treatment in the range of concentra-
tions from 5 to 135 μg/ml through MTT assay.

The obtained results displayed cytostatic eff ect of 
fustin on all tested cell lines (Fig. 1) with the high-
est cell growth inhibitory activity against the MDA-
MB-231 cell line representing triple negative breast 
cancer subtype with an IC50 value of 56.02 μg/ml 
and maximal registered reduction of proliferation to 
40.39% at 115 μg/ml. A considerable cytostatic ef-
fect was also found for colon adenocarcinoma cells 
Colon 26 ( IC50 = 78.07  μg/ml). The antiproliferative 
eff ect was weakest for the MCF7 cell line, the lumi-
nal A breast cancer subtype, with  a calculated IC50 
concentration of fustin  of 187.8 μg/ml. Statistically 
signifi cant diff erences between treated and control 
groups with p-values of less than 0.0001 were found 

for all of the tested concentrations of fustin, even at 
the lowest doses of 5 μg/ml, in the three cancer cell 
lines (Fig. 1).  

MDA-MB-231 cell morphological examination

Phase-contrast micrographs showed that 72 h 
treatment of MDA-MB-231 cells with fustin at con-
centrations of 35, 55, and 75 μg/ml reduced sig-
nifi cantly the density of cell monolayer when com-
pared to the control cells. As can be seen in Fig. 
2, most cells displayed a well-spread polygonal 
shape with the formation of large lamellipodium. 
Many cells with an elongated shape with long and 
thin extensions were also observed as well as cells 
with a round shape mostly in the samples treated 
with 35 μg/ml fustin.

Fig. 1. MTT assay of MDA-MB-231 
(A), MCF7 (B) and Colon 26 (C) cells 
treated for 72 h with increasing con-
centrations of fustin. Error bars rep-
resent standard error of the mean 
(SEM). **** indicates signifi cant dif-
ferences from the control group by 
Dunnett’s test (**** p < 0.0001)

Fig. 2. Phase-contrast micrographs of 
MDA-MB-231 cells incubated for 72 h 
with fustin at concentrations of 35, 55, 
and 75 μg/ml; magnifi cation 10×
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Eff ects of fustin on MDA-MB-231 cell viability
Fluorescein diacetate is an uncharged, non-fl uo-
rescent, lipid-soluble dye that crosses biological 
membranes and can be hydrolyzed by intracellular 
esterases of the living cells to polar and fl uorescent 
fl uorescein. Free fl uorescein is retained by intact living 
cells and its accumulation results in fl uorescing cells.

Fluorescence microscopic analysis of cells stained 
with FDA was carried out to visualize MDA-MB-231 
overall cell morphology and to evaluate the number 
of viable adherent cells 72 h after cell exposure to the 
fustin in concentrations of 35, 55, and 75  μg/ml.

A quantitative analysis of fl uorescent micrographs 
showed a statistically signifi cant  decrease in the 
number of viable attached cells in comparison to 
the control containing untreated breast cancer cells 
which corresponds to the data from the MTT assay 

(Fig. 3). The registered eff ect was  not dose-depen-
dent and the strongest inhibitory eff ect on cell viabil-
ity was observed at the lowest applied concentration 
of fustin of 35  μg/ml where the percentage of living 
cells was decreased to 37%, while at the highest 
applied concentration of 75 μg/ml the survival rate 
was 61.6%.

Inhibitory eff ect of fustin on clonogenicity of 
 MDA-MB-231 cells
Clonogenic potential of breast cancer cells MDA-
MB-231 was investigated after treatment with a con-
centration of 35 μg/ml of fustin for a period of 5 days. 
A considerable anticlonogenic eff ect in treated cancer 
cells was observed in comparison to the untreated 
controls (Fig. 4), which is an indication for inhibitory 
action of the studied phytochemical on breast cancer 
cells’ reproductive integrity.

Fig. 3. Fluorescent microscopy analysis of MDA-MB-231 cells stained with fl uorescein diacetate after treatment with fustin 
(35, 55, and 75 μg/ml) for 72 h: A – Fluorescent micrographs; magnifi cation 10×; B – Quantitative evaluation of viable at-
tached MDA-MB-231 cells. Error bars represent standard error of the mean (SEM). * and ** indicate signifi cant diff erences 
from the control group by Dunnett’s test (* p < 0.05, ** p < 0.01)

Fig. 4. Eff ects of fustin isolated from 
C. coggygria on clonogenicity of MDA-
MB-231 cells after treatment for 5 days 
with 35 μg/ml (B) compared to untreat-
ed control (A)
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DISSCUSSION

In the present research, we studied the antiprolif-
erative potential of the fl avonoid fustin isolated from 
the heartwood of C. coggygria in three cancer cell 
lines – breast (MDA-MB-231 and MCF7), and colon 
(Colon 26) and found that fustin can signifi cantly in-
hibit cell growth of all studied cell lines. We chose 
the above-mentioned cell lines in view of the fact that 
they originate from two of the most frequent cancer 
types. According to the World Health Organization 
(WHO), newly diagnosed cases for 2020 for breast 
cancer amounted to 2 260 000 and for colon cancer 
– 1 930 000 [1]. The number of deaths associated 
with the disease are 684 996 (amounting to 6.9% of 
all cases) for breast cancer, and 935 173 (9.4%) in 
regard to colon cancer. Among the studied cell lines, 
the most sensitive to the fustin action was the MDA-
MB-231 breast adenocarcinoma cell line. Therefore, 
we decided to perform further investigations includ-
ing microscopic observation and clonogenic assay 
only of MDA-MB-231 cells after fustin exposure. 
Fluorescent microscopy observation after staining 
with FDA of treated MDA-MB-231 cells revealed a 
pronounced but not dose-dependent decrease in the 
number of viable attached cells. The results obtained 
from the clonogenic assay showed a high reduction 
in the ability of MDA-MB-231 cells to form colonies 
after treatment with fustin at a concentration of 35 μg/
ml. Тhe absence of dose-dependence and reduction 
of antitumor activity at high doses of application is not 
unusual for some plant extracts, active compounds, 
and chemotherapeutic agents [12, 13]. A possible 
reason for the lack of concentration dependence of 
the anticancer eff ects could be the depletion of spe-
cifi c targets of action.

Breast cancer represents a heterogeneous disease 
with high rates of intra- and intertumoral diversity and 
variability of response to diff erent treatments.   The 
MDA-MB-231 cell line used in the current research  is 
 triple negative  breast cancer (TNBC) subtype defi ned 
by the absence of expression of estrogen receptor 
(ER), progesterone receptor (PR), and human epi-
dermal growth factor receptor 2  (HER2) amplifi cation/
overexpression. Even though it accounts for about 
15-20% of all breast cancers, it is an aggressive sub-
group, associated with poorer prognosis and a higher 
rate of distant recurrence compared to estrogen re-
ceptor-positive subtypes. MCF7 cell line represents 
the  luminal A breast cancer subtype, characterized 
by ER- and PR-positive and HER2-negative molecu-
lar profi le. The luminal A subtype is the most common 
of all breast cancers, accounting for 50-60% of the 
cases. It is characterized by a low histological grade 

and a good prognosis with a low relapse rate. TNBC 
has restricted therapy options when compared to the 
other types of breast cancer with a growing need for 
novel naturally-derived treatment approaches with 
improved effi  cacy and reduced toxicity.

Flavonoids are polyphenolic compounds with a wide 
range of pharmacological activities, including anti-
cancer [14]. Among their anticancer eff ects are in-
duction of programmed cell death, cell cycle arrest, 
metastasis and invasion inhibition, and modulation 
of ROS-scavenging enzyme activities [15-17]. The 
observed in this study in vitro anticancer properties 
of  the fl avonoid fustin are of great interest in order 
to evaluate the antineoplastic potential of this still 
weakly studied fl avonoid. To the best of our knowl-
edge, this is the fi rst study reporting an anticancer 
eff ect of fustin on breast and colon cancer cell lines. 
The obtained data, including cytostatic, cell viability 
inhibiting and anticlonogenic eff ects, indicate fustin 
as a perspective candidate for further more detailed 
analysis of its therapeutic potential against triple neg-
ative breast cancer subtype.

In conclusion, the here presented results revealed 
that the fl avonoid fustin isolated from Cotinus cog-
gygria heartwood possesses antiproliferative prop-
erties against three cancer cell lines: breast (MDA-
MB-231 and MCF7), and colon (Colon 26) cancer. 
The strongest cell growth inhibitory eff ect was es-
tablished against  the MDA-MB-231 triple negative 
breast cancer cell line. Fustin caused a signifi cant 
reduction in the number of viable MDA-MB-231 cells 
and demonstrated considerable anticlonogenic prop-
erties. Further studies will be focused on more de-
tailed characterization of molecular mechanisms and 
targets of fustin anticancer action.
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Abstract. Objective: In the Coronavirus 2019 (COVID-19) global pandemic, various stud-
ies on the target communities of this virus were widely started and rapidly progressed. 
Smokers and opioid consumers are one of the virus targets since they have a vulnerable 
respiratory system. Due to the contradictory results in previous studies and the lack of 
similar investigations in this area, we aimed to perform this study to investigate the eff ect 
of smoking and opioid consumption on the consequences of the COVID-19 disease. Ma-
terials and Methods: In this retrospective study, the required information was collected 
and analyzed from the archives of Razi Hospital, Rasht, Iran. Study variables included 
age, sex, the need for intubation, hospital length of stay, history of current smoking or opi-
oid consumption, and intensive care unit (ICU) admission, ICU length of stay, admission 
oxygen saturation, disease severity, and the outcome of death or recovery. Data were col-
lected and divided into the case (including current cigarette smokers, opioid consumers, 
and cigarette-opioid consumers) and control (non-smokers and non-opioid-consumers) 
groups. Out of 986 patients, 489 patients met the criteria for inclusion and subsequent 
analysis. The average age was 69.79 ± 16.06, and 294 (60.1%) patients were male. The 
median age of the case group (65.15 ± 42.41) was older than the control group (57.45 ± 
15.71, P = 0.001). The case group consisted of more male patients than the control group 
(P = 0.001). Results: The adjusted regression models demonstrated that current cigarette 
smoking, opioid, and cigarette-opioid consumption did not signifi cantly predict hospital and 
ICU length of stay, ICU admission, disease severity, and mortality outcomes (P > 0.05). 
Current cigarette smoking and opioid consumption could not be an independent predictor 
for the consequences of ICU admission, hospital and ICU length of stay, the need for intu-
bation, disease severity, and mortality in COVID-19 patients.
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INTRODUCTION 

Anew infectious disease caused by the Coro-
navirus 2019 (COVID-19) fi rst appeared in 
China in December 2019 and spread world-

wide as the World Health Organization (WHO) de-
scribed it as an epidemic in March 2020 announced. 
The magnitude of the crisis has made the COVID-19 
epidemic the worst health disaster of the century [1]. 
Severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) is a single-stranded RNA-enveloped 
virus, which codes structural and nonstructural pro-
teins [2]. The most important receptor in human 
host cells is the angiotensin-converting enzyme 2 
(ACE2) receptor that provides the entry for SARS-
CoV-2 [3]. Both immune impairment and excessive 
immune response to SARS-CoV-2 result in severe 
conditions in patients [4]. 

Clinical manifestations of SARS-CoV-2 infection 
are diverse, ranging from asymptomatic infection 
to severe viral pneumonia with respiratory failure 
and death [5]. Older age, male gender, hyperten-
sion, diabetes, cardiovascular disease, and respi-
ratory disease were reported as the COVID-19 risk 
factors and are associated with a poor outcome 
in these patients [6, 7]. Although there is general 
agreement that severe COVID-19 infection is re-
lated to the comorbidities listed above, the link be-
tween tobacco use and the severity of COVID-19 
disease is still debated [8-13]. Smokers and opioid 
consumers are one of the virus targets since they 
have a vulnerable respiratory system. It is esti-
mated that there are about 1 billion smokers world-
wide, accounting for about 30% of men and 7% of 
women [14]. Exposure to tobacco leads to pneu-
monia, increased permeability of epithelial cells, 
and damage to the mucosal defense barrier [15]. 
Disorders of mucous secretions are a side eff ect of 
smoking, and the risk of underlying diseases such 
as diabetes and vascular disease is more common 
among smokers [16]. 

Additionally, due to frequent hand-to-mouth mo-
tions and sharing of tobacco products, smokers 
are more vulnerable to COVID-19 disease and 
more likely to become infected [17]. There is con-
cern among the WHO and the USA Food and Drug 
Administration (FDA) that cigarette smoking may 
raise the risk of COVID-19 [18]. Although many 
studies have assessed the eff ects of smoking on 
the severity of COVID-19 disease, the results have 
not been the same; and there are generally contro-
versies in this area [18, 19]. Usman et al. contrib-
uted some of these controversies among studies to 

the lack of distinction between current and former 
smokers and unadjusted analysis [20].

In this regard, we performed this retrospective adjust-
ed study to evaluate the eff ects of current smoking 
and opioid consumption on the COVID-19 patient’s 
outcomes, including intensive care unit (ICU) admis-
sion, hospital and ICU length of stay, and duration of 
intensive mechanical ventilation (IMV), disease se-
verity and mortality.

PATIENTS AND METHODS

Data, Inclusion, and Exclusion criteria

The Ethics Committee of Guilan University of Medi-
cal Sciences approved this retrospective research 
project (IR.GUMS.REC.1399.377). The data of this 
retrospective study were obtained from the archives 
of Razi Hospital, Rasht, Iran. All consecutive adult 
patients (≥ 18 years of age) included in the study 
presented to the Razi Hospital between March 20th 
to September 21th, 2020, with a SARS-CoV-2 di-
agnosis confi rmed by positive reverse transcriptase 
polymerase-chain-reaction (RT-PCR). Patients with 
a defi nitive clinical outcome (being discharged to 
outpatient setting, cured or dead) were included for 
further study. Patients younger than 18 years of age, 
without complete history information, or patients who 
didn’t complete their hospital course and ex-smokers 
were excluded from the analysis. Informed consent 
was obtained from all individual participants included 
in the study. 

Clinical variables

Demographical data and clinical characteristics of 
patients including age, gender, history of current 
cigarette smoking, opioid consumption, and underly-
ing disease (diabetes, hypertension, cardiovascular 
disease, liver or kidney disorders, asthma, chronic 
obstructive pulmonary disease (COPD), and cancer), 
the need for intubation, duration of invasive mechani-
cal ventilation, admission oxygen saturation, ICU 
admission, hospital and ICU length of stay, lab test 
results and the discharge outcome (death or recov-
ery) were collected. Patients were categorized into 
two groups, including case (n = 205) (smokers, opi-
oid consumers, smoker-opioid consumers) and con-
trol group (n = 284) (non-smokers and non-opioid-
consumers). Severe COVID-19 was defi ned as the 
occurrence of each of the consequences of ICU ad-
mission, the need for intubation, organ failure, severe 
hypoxia (O2sat < 90%), and DIC in patients during 
the hospitalization.
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Statistical Analysis
Categorical variables are described as frequency 
and percentage, while continuous variables are as 
median and interquartile ranges. Chi-square test or 
exact Fisher test were applied to evaluate the associ-
ation between two categorical variables, while a non-
parametric Wilcoxon Mann-Whitney test was used to 
study diff erences between two groups of a categori-
cal variable on a continuous variable. The Kaplan-
Meier survival curves were used to analyze overall 
survival, along with 95% confi dence intervals (CIs). 
The Cox proportional hazard models were checked 
to simultaneously evaluate the eff ect of independent 
variables on patient survival and ICU admission. Sta-
tistical calculations were performed using the IBM 
SPSS Statistics for Windows (version 22) and statis-
tical signifi cance was evaluated at the level of 0.05.

RESULTS

Out of 986 patients, 489 patients met the criteria for 
inclusion and subsequent analysis. A total of 324 pa-
tients didn’t meet the selection criteria, and 173 did 
not complete their hospital course. The demographic 
and clinical characteristics of these patients are sum-
marized in Table 1. The average age was 69.79 ± 
16.06, and 294 (60.1%) patients were male. The 
case group consisted of 205 patients, including fi fty-
six current smokers, ninety-nine opioid consumers, 
and fi fty cigarette-opioid consumers. The median age 
of the case group (65.15 ± 42.41) was older than the 
control group (57.45 ± 15.71, P = 0.001). The case 
group consisted of more male patients compared 

to the control group (P = 0.001). Multiple linear re-
gression models analysis adjusted with age, gender, 
underlying disease revealed that hospital and ICU 
length of stay outcomes could not be predicted sig-
nifi cantly by current smoking ([ß = 0.052, P = 0.959], 
[β = -0.134, P = 0.867]), opioid consumption ([β = 
-1.036, P = 0.207], [ß = -0.065, P = 0.920]) and ciga-
rette-opioid consumption ([ß = -0.599, P = 0.559], [β 
= 0.454, P = 0.575]), respectively (Table 2). Binomi-
nal logistic regression models adjusted for age, gen-
der, underlying disease showed that disease severity 
and the need for intubation consequences could not 
signifi cantly be predicted by current smoking ([β = 
0.212, CI = 0.62-2.44], [ß = -0.021, CI = 0.40-2.39]), 
opioid consumption ([β = 0.076, P = 0.62-1.85], [β 
= 0.187, CI = 0.59-2.44]) and cigarette-opioid con-
sumption ([β = 0.142, CI = 0.58-2.27], [β = 0.570, 
CI = 0.75-4.15]), respectively (Table 3). The Cox 
regression model after adjustment for confounding 
factors demonstrated that the risks of death outcome 
in current smokers (HR = 1.19, 95%CI = 0.65-2.18), 
opioid consumers (HR = 1.56, 95%CI = 0.97-2.51), 
and cigarette-opioid consumers (HR = 1.61, 95%CI 
= 0.89-2.92) were 1.19, 1.56 and 1.61 fold higher 
than the control group, respectively, although they 
were not statistically signifi cant (Table 4). Also, the 
risks of ICU hospitalization in current smokers (HR 
= 0.63, 95%CI = 0.25-1.59), opioid consumers (HR 
= 1.05, 95% CI = 0.54-2.05), and cigarette-opioid 
consumers (HR = 0.66, 95%CI = 0.27-1.61) were 
0.63, 1.05 and 0.66 folds higher than the control 
group, respectively, although they were not statisti-
cally signifi cant (Table 4).

Table 1. Baseline characteristics and outcomes of the participants according to case and control groups

Variable Case
(n = 205)

Control
(n = 284) P-value

Age (Year) 65.15 ± 42.41 57.45 ± 15.71 0.001

Gender (Male) 155 (75.6%) 139 (48.9%) 0.001

Underlying disease 129 (62.9%) 84 (64.8%) 0.703

Hospital length of stay (Day) 7.68 ± 5.18 8.33 ± 6.79 0.584

ICU admission 30 (22.6%) 37 (13.3%) 0.022

ICU length of stay (Day) 8.97 ± 7.23 10.11 ± 10.92 0.934

The need for Intubation 39 (19.0%) 37 (13.0%) 0.077

Duration of IMV* (Day) 6.92 ± 8.39 8.70 ± 11.02 0.448

SpO2 (%)** 91.27 ± 7.45 92.74 ± 6.42 0.024

Severely ill patients 124 (66.0%) 139 (56.0%) 0.038

Hospital outcome
(Death) 65 (31.7%) 53 (18.7%) 0.001

*IMV = Intensive mechanical ventilation, **SpO2 = Peripheral oxygen saturation. P-value < 0.05 is statistically signifi cant.
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Table 2. Multiple linear regression analysis for predicting hospital and ICU length of stay consequences based on age, 
gender, underlying disease, case and control groups

Variables Unstandardized Coeffi cients
 β                          SE**

Standardized Coeffi cients
Beta t P-value

Hospital length 
of stay 

Age 0.001 0.022 0.003 0.054 0.957

Female gender 1.698 0.679 0.131 2.502 0.013

Underlying disease 0.418 0.695 0.031 0.601 0.548

Current smoker 0.052 1.010 0.003 0.051 0.959

Opioid consumer -1.036 0.820 -0.065 -1.264 0.207

Cigarette/Opioid consumer -0.599 1.025 -0.030 -0.584 0.559

Severe COVID-19 2.059 0.632 0.158 3.258 0.001

ICU length of stay*

Age -0.024 0.017 -0.076 -1.418 0.157

Female gender 0.507 0.536 0.050 0.946 0.345

Underlying disease -0.140 0.549 -0.013 -0.256 0.798

Current smoker -0.134 0.798 -0.009 -0.167 0.867

Opioid consumer -0.065 0.648 -0.005 -0.100 0.920

Cigarette/Opioid consumer 0.454 0.810 0.029 0.561 0.575

Severe COVID-19 2.229 0.499 0.217 4.463 < 0.001

*ICU = Intensive care unit, **SE = Standard error. P-value < 0.05 is statistically signifi cant

Table 3. Logistic regression for predicting severe COVID-19 and the need for intubation consequences based on age, 
gender, underlying disease, smoking, and opioid consumption

Variable B SE* Wald Odds
Ratio (OR) P-value

95%CI for
OR**

 Lower       Upper

Severe
COVID-19 

Age 0.023 0.007 9.684 1.023 0.002 1.00 1.03

Female gender -0.483 0.227 4.548 0.617 0.033 0.39 0.96

Underlying disease 0.336 0.232 2.102 1.399 0.147 0.88 2.20

Control group - - 0.454 - 0.929 - -

Current smoker 0.212 0.348 0.370 1.236 0.543 0.62 2.44

Opioid consumer 0.076 0.277 0.075 1.079 0.785 0.62 1.85

Cigarette/Opioid consumer 0.142 0.347 0.167 1.152 0.683 0.58 2.27

Need for 
intubation

Age 0.007 0.10 0.542 1.007 0.462 0.98 1.02

Female gender 0.171 0.319 0.288 1.187 0.591 0.63 2.21

Underlying disease -0.151 0.322 0.219 0.860 0.640 0.45 1.61

Control group - - 1.986 - 0.575 - -

Current smoker -0.021 0.456 0.002 0.979 0.963 0.40 2.39

Opioid consumer 0.187 0.360 0.268 1.205 0.605 0.59 2.44

Cigarette/Opioid consumer 0.570 0.435 1.718 1.769 0.190 0.75 4.15

*SE = Standard error, **CI = Confi dence interval, OR = Odds ratio. P-value < 0.05 is statistically signifi cant
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DISCUSSION

In our study, the mean age in the case group was signifi -
cantly higher than the control group and the majority of 
patients in the case group were males. According to the 
culture and conditions in society, it was expected to see 
more smoking in men and more opium consumption in 
the elderly. In this regard, in a study by Khalili et al., it was 
found that the highest number of opium consumers was 
in the age range of 55-64 years old, and the rate of opium 
consumption in males was signifi cantly higher than in fe-
males [21]. Also, in the study by Mehrabi et al., it was re-
ported that the prevalence of smoking in females is more 
prone to old age [22]. This present study showed that 
ICU admission, the need for intubation, and hospital and 
ICU length of stay didn’t diff er in the two study groups. 
Similar to our study, Huang et al. reported that smokers 
required less hospitalization in ICU [23]. The study by Ho 
et al. also found that current smoking was not associated 
with the consequences of intubation, ICU, mortality, and 
hospitalization [18]. The other fi nding of our study was 
the lack of association between current smoking, opioid, 
and cigarette-opioid consumption with disease severity 
and survival outcomes. Although our study initially mani-
fested a signifi cant relationship between these groups 
with disease severity and survival outcome, after adjust-
ing regression models with age, gender, and underlying 
disease, it became interestingly non-signifi cant. Before 
our study, Reddy et al. and Ho et al. studies demon-
strated that current smoking was not associated with the 
consequences of intubation, ICU, mortality and hospital-

ization risk [7, 18]. Our study is consistent with previous 
studies that found no association between active smok-
ing and disease severity [11, 13, 24] and mortality [18, 
19, 25]. However, some studies, such as Alqahtani et al., 
showed that the severity and mortality of the COVID-19 
disease were higher in people who smoked [26]. In addi-
tion, Gulsen et al. study stated that the severity of the dis-
ease in smokers is 1.5-2 times higher than in non-smok-
ers [12]. However, many studies have been conducted to 
investigate the consequences of the COVID-19 in smok-
ers, but the results have not been conclusive. The study 
by Simons et al. revealed that the outcomes of hospital-
ization, disease severity, and mortality in current smokers 
were inconclusive, but generally, smoking increased the 
risk of more severe disease slightly [19]. Theoretically, 
smokers are expected to have a higher risk of develop-
ing the COVID-19 disease due to impaired pulmonary 
mucociliary clearance system, increased permeability of 
the airway epithelial membrane, and increased respira-
tory system infl ammation [27]. Yet, a systematic review 
reported a lower frequency of smokers in COVID-19 pa-
tients than in the general population [28]. One mecha-
nism that justifi es this disagreement is a higher expres-
sion level of ACE2 in the smokers. Nicotine alone can 
increase ACE2 gene expression [29]. Several studies 
have shown the opposite eff ect of nicotine, with nicotine 
or smoking reducing ACE-2 receptor expression [30-32]. 
Moreover, nicotine, with its cholinergic agonist proper-
ties, in cigarettes exerts anti-infl ammatory eff ects and in-
hibits the expression of infl ammatory cytokines such as 
IL-1, IL-6, and TNF5, which are activated in the cytokine 

Table 4. Cox regression analysis for predicting ICU admission and patient’s survival based on age, gender, underlying 
disease, smoking, and opioid consumption

Variable SE* Hazard ratio z P >│z│ 95% CI**
Lower                   Upper

ICU admission

Age 0.009 1.009 0.95 0.341 0.99 1.02

Female gender 0.193 0.653 -1.43 0.152 0.36 1.16

Underlying disease 0.330 1.086 0.27 0.786 0.59 1.97

Current smoker 0.297 0.630 -0.98 0.329 0.25 1.59

Opioid consumer 0.357 1.057 0.17 0.867 0.54 2.05

Cigarette/Opioid consumer 0.301 0.667 -0.90 0.371 0.27 1.61

Patients 
Survival

Age 0.007 1.013 1.85 0.065 0.99 1.02

Female gender 0.167 0.709 -1.45 0.147 0.44 1.12

Underlying disease 0.223 1.016 0.07 0.942 0.66 1.56

Current smoker 0.366 1.195 0.58 0.561 0.65 2.18

Opioid consumer 0.378 1.567 1.86 0.062 0.97 2.51

Cigarette/Opioid consumer 0.489 1.616 1.59 0.113 0.89 2.92

Severe COVID-19 2.148 5.804 4.75 < 0.001 2.81 11.98

*SE = Standard error, **CI = Confi dence interval, P-value < 0.05 is statistically signifi cant
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storm in COVID-19 patients. Therefore, although smok-
ers are expected to have a greater risk of developing 
the disease since ACE2 receptors are the only way the 
COVID-19 virus enters the body, the simultaneous pro-
tective eff ect of ACE2 and the anti-infl ammatory eff ect of 
nicotine may reduce the potential consequences of the 
COVID-19 disease. This reason can justify the contro-
versies among studies. In this study, opioid consump-
tion and concomitant use of cigarettes and opioids were 
evaluated on the consequences of the hospital and ICU 
length of stay, the need for intubation, disease severity, 
and survival in COVID-19 patients, which represented 
no signifi cant relationship. So far, few studies have as-
sessed the relationship between opioid consumption and 
the COVID-19 outcomes. Consistent with our research, 
Qeadan et al. found no higher mortality rate among pa-
tients taking opioids, although patients were more likely 
to require ICU care [33]. However, Riahi et al.’s unad-
justed study demonstrated that opium consumers ex-
perience higher mortality and severity of the COVID-19 
disease [34]. According to studies, opium exerts anti-
infl ammatory properties by suppressing bone marrow 
leukocyte migration [35]. The immune system can also 
be dangerously suppressed by high levels of opium [36]. 
However, some studies have indicated that although opi-
oids like morphine reduce the production of infl ammatory 
cytokines such as IFN- α and IFN-Y, they weaken the 
immune system and consequently increase virus entry 
into the body and lungs damage. From another point of 
view, smokers and opium users have a lower level of 
socio-economic status and access to health care than 
other members of society [37]. Concurrent comorbidi-
ties such as  COPD and cardiovascular diseases, which 
are associated with higher severity of COVID-19, have 
been reported more frequently in these patients [12, 38, 
39]. Generally, it seems that concomitant factors such as 
age, gender, and underlying diseases play an important 
role in worsening the outcomes of these patients.

Our study had some limitations. First, although the Razi 
hospital was the primary referral center in the Guilan 
province, Iran, for the COVID-19 patients, due to being 
a single center, the results may diff er in a larger popula-
tion with diff erent ethnicity. Secondly, according to the 
COVID-19 pandemic and top referral of the COVID-19 
patients, the hospital ICU capacity for patient admission 
was limited, and therefore, this limitation could aff ect 
the comparison of numbers of ICU admission between 
study groups. Thus, further multi-center studies with a 
more diverse population are recommended.

CONCLUSION

Current cigarette smoking and opioid consumption 
could not be an independent predictor of the conse-

quences of ICU admission, hospital and ICU length 
of stay, the need for intubation, disease severity, and 
mortality in COVID-19 patients.
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Abstract. Objective: The aim of the present prospective clinical study was to highlight 
the importance of the proper application of the manual detorsion (MD) in cases of intra-
vaginal testicular torsion. Major complications such as ischemia, reperfusion injury and 
testicular compartment syndrome could be avoided. Materials and Methods: From Jan-
uary 2017 to February 2018, 26 boys aged between 8 and 16 years underwent surgical 
treatment for intravaginal testicular torsion (ITT) (14 left- and 12 right-sided). Diagnosis 
was made upon clinical criteria (both symptoms and signs); sudden onset of scrotal pain 
(n = 26, 100%), nausea and vomiting (n = 25, 96,15%), abdominal pain (n = 3, 11,53%), 
high testicular position (n = 21, 80,77%), absence of the cremasteric refl ex (n = 26, 100%), 
harshness of the twisted testicle (TT) (n = 24, 87.5%), alteration on axis or orientation 
of the TT (n = 24, 94,31%), and pain during palpation (n = 26, 100%). Two cases pre-
sented with neglected scrotum leading to inability to evaluate the intrascrotal structures. 
Major ultrasonographic fi ndings were the following: absence of perfusion, heterogeneity 
of the parenchyma and identifi cation of the Whirlpool sign. Therefore, our study group 
consisted of 15 out of the 26 cases, in which the initial assessment at the Emergency De-
partment occurred within the fi rst 3-7 hours after the onset of ITT. Results: Based on high 
clinical suspicion and ultrasonographic documentation of the ITT, MD was performed in 
all those cases. Pain alleviation followed immediately, while signifi cant improvement of 
the clinical picture of the suff ering scrotum was also observed. Successful detorsion was 
documented via ultrasonography. After completion of the preoperative assessment, bi-
lateral orchidopexy was performed. All patients had an uneventful postoperative course 
and were discharged home on the second postoperative day. Conclusion: In conclusion, 
we hereby document that MD is a safe, non-invasive method, easy to learn for every 
clinician. It can be applied immediately after the diagnosis of the ITT, converting a highly 
urgent surgery into an elective one. Of course, surgical exploration of intrascrotal struc-
tures constitutes a crucial fi nal step.
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compartment syndrome, male
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 INTRODUCTION 

The annual incidence of testicular torsion 
in pre-adolescents and adolescents in the 
United States is estimated to be 3.8-4.5 cas-

es/100,000/year [1]. 

Underlying causative factors for an intravaginal tes-
ticular torsion (ITT) include  bell clapper deformity, 
broad mesorchium, sexual activity, physical exer-
cise and especially cycling, overactive  cremasteric 
refl ex, cold weather resulting in asymmetric clamp-
ing of the cremasteric muscle, malignancy and fi nal-
ly rapid testicular development [2, 3, 4]. In 4-8% of 
ITT cases, traumatic injury of the aff ected scrotum  
is identifi ed as the causative factor [6]. There are 
indications of a genetic background via the action 
of the insulin-like 3 hormone and its cell membrane 
receptor (Rx1f2) [6, 7]. 

DaJusta et al. and Sozubir et al. have also highlight-
ed the high familiar predisposition to testicular torsion 
[6, 7]. Based on a report by Martin et al., bell clapper 
deformity is observed in 12% of the aff ected boys [8]. 
This anatomic variance has been recognized in up to 
78% of all cases of ITT [1, 2, 3, 4].

Treatment of the testicular torsion is “a battle against 
time” as the anatomic alterations begin from the fi rst 
few minutes after the onset of ischemia [9]. The basic 
parameters for the development of permanent altera-
tions on the suff ering testis are the duration and the 
degree of the torsion [10, 11, 12]. It has been now 
established that 4 to 6 hours after the onset of the 
TT, irreversible ischemic lesions develop [13, 14, 15]. 
Sharpet et al. referred to the correlation between sur-
vival of the twisted testis and testicular torsion dura-
tion, as shown in Table 1 [16].

Table 1. Relationship between the duration of testicular 
torsion and survival rates of the twisted testicle

Duration of TT in hours Survival rates of the twisted testicle (%)
24 10
12 50
4-8 90-100

The aim of the present clinical study was to highlight 
the importance of the timely application of manual de-
torsion (MD) in highly suspected cases of ITT, which 
represents a safe, non-invasive treatment approach, 
simplifying the subsequent surgical treatment and 
improving the overall prognosis for the patient, with 
the avoidance of major, related to ischemia compli-
cations.

MATERIALS AND METHODS

From January 2020 to February 2021, 26 boys aged 
between 8 and 16 years (mean: 11.5 years) under-
went surgical treatment in the context of ITT. Four-
teen  cases were left- and 12 cases were right-sided. 
Diagnosis was based upon patient’s reported symp-
toms and the fi ndings of physical examination, as 
shown in Table 2. 

Brunzel’s sign, defi ned as the high and transverse 
position of the twisted testis, was identifi ed in 21 
cases. Two patients were admitted to the Emergen-
cy Department with a delay of 24 hours after the on-
set of the symptoms, resulting in the development of 
intense localized infl ammation, leading to a clinical 
picture of a neglected acute scrotum and restrict-
ing our ability to evaluate adequately the intrascrotal 
structures.

Table 2. Signs and symptoms of the aff ected patients

Clinical sign or symptom Number of 
patients 

Sudden onset of pain 26
Nausea or/and vomiting 25
Abdominal pain 3
High position of the suffering testicle 21
Absence of cremasteric muscle refl ex 26
Harshness of the affected testicle 24
Change in the axis or orientation of the affected 
testicle 24

Painful palpation of the affected testicle 26
Earlier episodes of testicular pain 8

In all cases, gray scale ultrasonography with the ad-
dition of Doppler color fl ow was performed, confi rm-
ing the presence of testicular torsion. Major ultraso-
nographic fi ndings are summarized in Table 3. 

Table 3. Major ultrasonographic fi ndings

Ultrasonographic fi nding Result

Absence of perfusion of the affected testicle
Positive: 25/26 

Doubted: 1/26

Loss of testicular homogeneity
Positive: 10/16

Negative: 15/16

Whirlpool sign (Figure 1) Positive: 26/26

Our study group consisted of 15/26 cases of ITT (6 
right- and 9 left-sided), which met the following pre-
specifi ed criteria: a) pain duration less than 6 hours 
and b) homogeneous texture of the aff ected testicle 
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in ultrasonographic examination. It is obvious that our 
study group included reversible cases of ITT, regard-
ing the eff ects of ischemic trauma and the subse-
quent reperfusion, including testicular compartment 
syndrome development. 

Fig. 1. Ultrasound image highlighting Whirlpool sign in ITT 
(5/6 patients)

The degree of the ITT ranged from 360-720o (Table 4).

Table 4. Degrees of ITT in each included case

Localization Degree of ITT
Right (5/6) 360o

Right (1/6) 540o 
Left (3/9) 540o

Left (2/9) 360o

Left (3/9) 720o

Left (1/9) 540o

Based on the high clinical suspicion of ITT and the 
subsequent ultrasonographic documentation, MD of 
the aff ected testicle was performed. The whole pro-
cedure was carried out without anesthesia require-
ment in the Emergency Department room.

Methodologically, the gradual detorsion of the af-
fected testicle with each step of 180o was initially at-
tempted, having as clinical criterion of the successful 
completion of the procedure the immediate pain relief 
as reported by the patient and the restoration of the 
normal (vertical) axis and the orientation of the tes-
ticle (the head of the epididymis located at the upper 
pole of the testis with epididymis body and tail being 
palpable on its posterior surface). A fi nal clinical cri-
terion for the successful detorsion was the palpation 
of the suff ering testicle on the base of the ipsilateral 
hemiscrotum.

MD of a right twisted testicle was performed like 
someone is scrolling from the beginning to the end 
pages of a book, while the reverse procedure was 
followed in those cases of left-sided ITT. However, if 
after the completion of the fi rst phase of 180o detor-
sion there was diffi  culty in completing the procedure 
or the pain deteriorated, then the process was carried 
out on a reverse trend.

RESULTS

MD was successful in all cases. In the nine cases of 
the left-sided ITT the MD  was performed in a clock-
wise direction, while in the six cases of the right-sided 
testicular torsion the MD  was carried out in an anti-
clockwise direction. The successful and complete 
MD was confi rmed by color Doppler ultrasonography, 
documenting the restoration of symmetric arterial 
blood supply to both testicles (Figures 2 and 3).

Surgical exploration of the scrotum was performed 
within the next day after the completion of the preoper-
ative assessment, under general endotracheal anes-
thesia, with mid-scrotal incision. Initially, the previously 
twisted testicle was retracted into the surgical fi eld. 

In all cases, successful MD was confi rmed. No bi-
opsy or orchiectomy was required. 

 
Fig. 2, 3. US confi rmation of arterial blood disruption in the torsed testis (Fig. 1), and restoration of arterial supply after MD 
(Fig. 2)
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In 12 out of 15 cases (80%), bell clapper deformity 
was identifi ed (Figure 4).

In 7 out of 15 cases the macroscopic appearance of 
the detorsed testis was normal, while venous con-
gestion of the spermatic cord was observed in the 
rest (8/15) cases (Figure 5).

The eff ects of mild to moderate ischemia were evi-
dent in 12/15 cases. In those cases, 2-3 elongated 
sections of the tunica albuginea of the aff ected tes-
ticle were overlapped with the parietal layer of the 
tunica vaginalis to prevent testicular compartment 
syndrome (Figure 6).

Testicular fi xation was performed in a created sub-
cutaneous pouch. Then the contralateral testis was 
retracted into the surgical fi eld.

In 3 cases bell clapper deformity was identifi ed bilat-
erally. The operation was completed with fi xation of 
the contralateral testis in a dartos pouch. All patients 

received perioperatively chemoprophylaxis with sec-
ond-generation cephalosporin in a therapeutic dose. 
All patients had an uneventful postoperative course 
and they were discharged home in good general con-
dition within the fi rst two postoperative days.
The postoperative follow-up schedule consisted of 
visits at six month intervals for one year. Follow-up 
consisted of clinic and ultrasonographic assessment. 
Clinically, testicular size and turgidity were evalu-
ated. The decrease in size and the harshness of 
the previously twisted testicle were considered as 
signs of permanent damage. By ultrasonographic 
evaluation, testicular dimensions and volume were 
evaluated along with the parenchyma echogenicity. 
We considered as criteria of irreversible testicular 
damage the smaller size of the previously aff ected 
testicle, at least 15%, compared to the contralateral 
and the heterogeneity of the testicular parenchyma 
(Table 5).

Fig. 4. Bell clapper deformity in the 2/15 study cases

Fig. 5. Remaining venous congestion of the spermatic cord 
after successful MD (3/15 cases)

Fig. 6. Elongated  sections on the  tunica albuginea of the 
suff ering testis (5/15 cases)

Table 5. Clinical and ultrasonographic criteria assessed 
during the follow-up period

Rating Criterion Finding (patients)

Turgidity of the twisted testis Normal (n = 15)

Comparative testicular size 
estimation 

Normal (n = 14), almost normal 
(n = 1)

Volume of the twisted testis 
Normal (n = 14), testicular volume 
< 20% compared to the contralat-
eral (n = 1)

Echogenicity of the twisted 
testis Normal (n = 15)
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DISCUSSION

In the initial phase of TT, testicular vascular conges-
tion and worsening of intercellular edema developed. 
However, no change in cellular morphology was es-
tablished. These alterations are considered as re-
versible and are not detected by the performed ultra-
sonography. Beyazal et al. depicted these initial and 
reversible ischemic changes by performing Diff usion-
weighted imaging (DWI) sequence – a specialized 
magnetic resonance imaging (MRI) technique [17]. 

Successful detorsion is followed by apoptosis of the 
spermatogenic cells, accumulation of neutrophils 
and oxidative stress development. Neutrophils che-
motaxis is induced by the increased expression of 
testicular vascular E-selectin [18]. Because of the 
pathophysiological eff ects of ischemia and the sub-
sequent reperfusion of the twisted testicle, intercel-
lular edema and increased intra-testicular pressure is 
developed. After these alterations, reduced capillary 
pressure is exerted, with simultaneous exacerbation 
of those ischemic eff ects. All those events constitute 
the so-called testicular compartment syndrome [19]. 
Along with the blood-testis barrier and the extended 
release of cytokines, ischemia induces several alter-
ations in the contralateral testicle, including extensive 
cell apoptosis of the seminal epithelium, Leydig cells 
atrophy, dysplasia of the spermatozoa, as well as al-
terations in the Sertoli cells [20].

Nash was the fi rst to apply and describe MD, in order 
to rapidly restore the arterial blood supply to the af-
fected testicle [21, 22]. Later, Van der Poel described 
another case of a young man, being a doctor himself, 
who suff ered from recurrent episodes of TT; he was 
applying MD to himself [23].

Urgent surgical treatment is the basic therapeutic 
approach to restore blood fl ow, so as to rescue the 
testicle from ischemia and prevent recurrent torsion 
of both testicles. Unfortunately, patients most times 
visit the hospital with a delay, after the fi rst, critical 6 
hours from the onset of TT. According to Demirbas et 
al., vital time equal to 80-90 minutes is usually spent 
from the initial patient’s examination until the begin-
ning of the surgery [24].

MD is apparently not indicated in an extra-vaginal 
testicular torsion, observed mainly during the perina-
tal period and in patients with cryptorchidism.  Dewan 
et al. demonstrated that MD is not widely accepted by 
both urologists and young surgeons, who consider 
this technique as ineff ective [25]. This perception 
was in fact the motive for this study. 

No anesthesia induction was required for the perfor-
mance of MD in any of our patients. The recession of 

pain occurred quickly after the successful and com-
plete detorsion, representing a signifi cant clinical cri-
terion for the evaluation of the method [24]. 

Cattolica describes the application of MD in 35 out of 
a total of 104 cases of testicular torsion over a decade 
[26]. No analgesia or anesthesia was required in any 
of the above-mentioned cases. On the contrary, Gatti 
et al. considers analgesia as necessary in order to re-
assure the cooperation of the pediatric patient, while 
maximizing the eff ects of MD with the relaxation of 
the cremasteric muscle, as well [27]. Another clinical 
criterion that could be utilized for the assessment of 
a successful MD is the palpation of the suff ering tes-
ticle on the base of the ipsilateral scrotum [28].

The TT can be lateral, outward, median or inward [28, 
29, 30]. There are no established parameters to de-
termine the direction of TT [31]. In 60-70% of cases, 
torsion occurs in the midline and in 30% in the lateral 
line [32, 33, 34]. Yecies et al. in their study including 
104 boys with ITT that underwent surgical treatment, 
found that ITT was lateral in 38 cases (46%) [35]. In 
our study, in four out of fi ve cases the ITT was left-
sided and thus the MD was performed in a clockwise 
direction, while in the right-sided case the detorsion 
was carried out in an anti-clockwise direction. The 
overall rotation can usually range from 180º-1080º 
[24, 35]. In our study it ranged from 360-720º.

Beyazal et al. carried out the surgical exploration 
of the scrotum by an intrascrotal approach, which 
constitutes the typical methodology, which we also 
followed [17]. Demirbas et al. performed a com-
plete and successful MD in 20 cases out of a total 
of 26 patients with ITT (76.92%) [24]. Cornel and 
Karthaus described successful MD in 14 out of the 
17 patients experiencing an ITT [36]. Similar results 
were also demonstrated by Cattolica et al. [26] and 
Kiesling et al [37].

An essential risk of MD is the incomplete detorsion, 
which could be easily mistaken as successful. Ses-
sions et al. reported that in 32% of all the cases they 
managed, MD was incomplete [29]. We believe that 
by selecting the patients with specifi c and strict crite-
ria, by applying the technique appropriately and by 
evaluating the outcome objectively, the potential risk 
of unsuccessful detorsion is diminished. 

In the context of the surgical investigation, immedi-
ately after completion of the preoperative assess-
ment of the patient, it is essential to perform longitu-
dinal incisions in the tunica albuginea of the suff ering 
testicle to minimize the potential risk development of 
testicular compartment syndrome. The development 
of intercellular edema within the testicular paren-
chyma due to ischemia, restoration of arterial blood 
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supply, and the rigidity of testicular fi broids leads to 
increased intra-cortical pressure and restriction of mi-
crocirculation, resulting in the exacerbation of isch-
emia [38].  Figueroa et al. found that treatment suc-
cess, simultaneously with the rescue of the aff ected 
testicle increased from 64% to 85% by performing 
longitudinal incisions in the tunica albuginea [39]. 
However, a delayed surgical exploration of the scro-
tum is not indicated, as it endangers the development 
of compartment testicular syndrome. We believe that 
the surgical investigation should be performed as 
early as possible, immediately after the completion of 
a meticulous preoperative evaluation of the patient.

CONCLUSION

In conclusion, MD is a safe and non-invasive method, 
easy to learn for every physician.

It can be applied immediately after the diagnosis of 
the ITT, with high success rates, aiming to the resto-
ration of arterial blood supply of the aff ected testicle.

After the performance of a successful MD, an ex-
tremely urgent surgical exploration of the intrascrotal 
structures is converted into an elective one.

Emergent surgical intervention is required when MD 
fails, according to specifi c clinical and ultrasono-
graphic criteria.

Surgical exploration of the scrotum is absolutely the 
necessary fi nal step for the correction of a potentially 
incomplete detorsion, the prevention of reperfusion 
complications and mainly of the testicular compart-
ment syndrome, along with future episodes of TT af-
fecting either the same or the contralateral testicle.
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ORIGINAL  ARTICLE

INTRODUCTION

Intrascrotal incision through the mid raphe may 
be considered as an alternative technique to 
inguinoscrotal pathologies, instead of other ap-

proaches, which include the laparoscopic approach, 
the inguinal incision, the high single scrotal incision 
(Bianchi) and the circumcision incision – as de-
scribed by M. Chua et al for palpable, low inguinal 
undescended testes [1].
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Abstract. Introduction: The aim of this clinical study was to present our experience gained 
by using the intrascrotal incision through the mid raphe for the management of a variety of 
inguinoscrotal pathologies. Materials and Methods: A total of 76 male patients, between 
2 and 16 years, underwent surgical treatment through a mid raphe intrascrotal incision, for 
a wide range of inguinoscrotal diseases, including torsion of the spermatic cord, torsion of 
the testicular appendages, non-communicating hydrocele, communicating hydrocele, ecto-
pic testis, retractile testicles, palpable undescended testis, testicular trauma and testicular 
prosthesis placement. Results: All the patients had an uneventful postoperative recovery, 
with none mentioned complication, and none of them required convention to the traditional 
inguinal method. The follow-up examination ranged from 6 months to 3 years, with no sur-
gical complication highlighted. Conclusions: We recommend that the intrascrotal incision 
through the mid raphe may be considered as an alternative technique to inguinoscrotal 
pathologies, instead of other approaches. The ability to treat a variety of pathologies re-
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excellent cosmetic result, the greater comfort for the ‘day-case’ child, the ability to use the 
scrotal septum in order to fi x the testis in the scrotum and the avoidance of an extra incision 
are the main advantages of the intrascrotal incision. 
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According to similar studies related to the intrascrotal 
incision, the approach has been used for the surgical 
management of inguinal hernia, webbed penis, scro-
tal exploration, tumors of the inguinoscrotal area and 
testicular biopsy [2, 3, 4].

We report our experience from 76 patients operated 
using a vertical intrascrotal incision, through the mid  
raphe for the management of inguinoscrotal patholo-
gies. At the same time, after systematic and compre-
hensive review of the relevant international literature, 
the  wider range regarding the type of the performed 
procedures is documented.

MATERIALS AND METHODS

This was an observational study. All patients includ-
ed in the study were referred to our hospital for the 
management of inguinoscrotal pathologies during 
a specifi c period of time – between January, 2018 
and December, 2018. The patients were treated by 
a one and the same surgical team led by Dr Patou-
lias Ioannis. 

A total of 76 boys aged between 2 and 16 years 
underwent surgery for inguinoscrotal pathologies, 
through a vertical intrascrotal incision (Figure 1). 

Eight out of 76 (8/76) patients, aged 12 years, suf-
fered a spermatic cord torsion. The surgical man-
agement included detorsion, testicular fasciotomy 
by making a longitudinal incision of the tunica albu-
ginea for the prevention of the testicular compart-
ment syndrome, and bilateral orchiopexy by fi xing 
the lateral surface of the testis on the intrascrotal 
septum (Figures 2, 3).

Twelve out of 76 (12/76) patients suff ered torsion of 
the testicular appendage, where the torsed append-
age was excised through an intrascrotal incision.

A total of 4 out of 76 (4/76) patients were operated 
due to communicating hydrocele. High ligation of 
the processus vaginalis and creation of a “window” 
through the tunica vaginalis was performed.

Four out of 76 (4/76) patients underwent surgical 
operation due to non-communicating hydrocele. In-
version of the tunica vaginalis and orchiopexy of the 
homolateral testis was performed.

One out of 76 (1/76) patients was operated because 
of testicular trauma. The surgical management in-
cluded inspection of the intratesticular structures, 
control of the bleeding and drainage of the hema-
toma. Two penrose drain tubes were positioned re-
spectively with the upper and lower pole of the homo-
lateral testis (Figure 4).

A total of 34 out of 76 (34/76) patients suff ered palpable 
undescended testis, where Bianchi procedure and fi xa-
tion of the testis on the scrotal septum was performed. 

Ten out of 76 (10/76) patients had and ectopic testis. 
The surgical steps included dissolution of the fi brous 
adhesions to the height of the external inguinal ring, 
inspection for an open processus vaginalis (negative) 
and placement of the unilateral testicle in a pouch be-
tween the scrotum and the dartos (sub-dartos pouch) 
(Figure 5).

A total of 3 out of 76 (3/76) patients had a testicular 
prothesis placement, where preparation and expan-
sion of the scrotum, for the prothesis placement with-
out tension, was performed (Figure 6).

Table 1. List of inguinoscrotal pathologies where the intrascrotal incision was applied, number of patients and chosen 
surgical technique

Disease Number of patients Surgical treatment
Torsion of the spermatic cord 8 Detorsion, prevention of the testicular compartment syndrome, 

bilateral orchiopexy 
Torsion of the testicular appendages 12 Excision of the torsed appendage
Adult-type hydrocele 4 Inversion of the tunica vaginalis
Communicating hydrocele 4 High ligation of the processus vaginalis

Testicular trauma 1 Inspection of the intratesticular structures, control of the bleeding 
and drainage of the hematoma 

Ectopic testis 10 Orchiopexy
Palpable undescended testis 34 Bianchi procedure and fi xation of the testis on the scrotal septum

Testicular prothesis placement 3 Preparation and expansion of the scrotum, for the prothesis place-
ment without tension
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Fig. 1. Intrascrotal (vertical) incision through the midline 
raphe

Fig. 2. Torsion of the testicular cord

Fig. 3. Bilateral orchiopexy through one intrascrotal 
incision

Fig. 4. Testicular trauma

 
Fig. 5. Check for an open processus vaginalis

Fig. 6. Expansion of the scrotum, for the prothesis place-
ment without tension

RESULTS

All the patients had an uneventful postoperative re-
covery.  Besides the patient with the testicular trau-
ma, the rest were discharged from the hospital on the 
fi rst postoperative day. None of the patients required 
convention to the traditional inguinal method. The fol-
low-up period ranged from 6 months to 2 years, with 
no surgical complication noted. The aesthetic result 
of the incision was considered satisfactory (Figures 
7, 8, 9).

DISCUSSION

It is worth highlighting that the laparoscopic approach 
has a limited use, in the inguinal pathologies, and 
therefore cannot be applied in scrotal pathologies, 
such as testicular torsion, testicular prothesis place-
ment and trauma of the testes.

Moreover, laparoscopic hydrocelectomy has been re-
ported, but the operation time was longer than that of 
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scrotal hydrocelectomy and the incision scars were 
more noticeable than that of the scrotal approach. 
Also, the cost it incurred was higher than that of the 
scrotal approach [5, 6]. 

The circumcision incision technique is available for 
patients who undergo orchidopexy and request or 
have indications for circumcision performance, in the 
same setting.

However, it is a restricted method, due to its limited 
use in concurrent circumcision and palpable, low in-
guinal undescended testes and the need for great 
experience [1].

The conventional inguinal approach is still preferred 
in the management of high inguinal undescended 
testis, as it allows better retroperitoneal mobiliza-
tion of the testicular vessels, such that their new and 
straighter course towards the scrotum permits addi-
tional testicular descent. The basic principles of this 
method involve making a second scrotal incision to 
place the testis in a dependent sub- dartos pouch 
without tension. That means that it requires two stan-
dard skin incisions, while in contralateral inguinal her-
nias the number of the incisions is doubled. This re-
sults in longer operative time, lower cosmetic results 
and higher rates of postoperative pain. 

The high single scrotal incision is similar to the intra-
scrotal incision, as regards to the success rate and the 
postoperative results. As described by Seong Woong 
Na et al., the success rate in the single incision orchio-
pexy group was as high as 92.5% (135/146 testes). 
Only 11/ 107 patients required conversion to traditional 
inguinal incision orchiopexy or had postoperative com-
plications (scrotal hematoma, wound dehiscence), in 

comparison to the traditional inguinal incision orchio-
pexy group, which was 96.5% (136/141 testes) [7]. 
Parson JK et al. describes that only 20% of the pa-
tients (out of 56 patients) required concomitant ingui-
nal hernia repair through a standard inguinal incisio n 
[3]. Bianchi and Squire reported a 95.8% success rate 
while they performed a single scrotal incision orchio-
pexy in 120 patients [8]. Dayanc et al. evaluated the 
success rate with or without inguinal hernia in patients 
with an undescended testis within the inguinal canal 
or beyond the external inguinal ring. Scrotal orchio-
pexy had a success rate of 97.6% in the distal to the 
external inguinal ring group, while only 1/34 patients 
required conversion to traditional inguinal incision. The 
success rate in the within the inguinal canal group was 
89.7%, while 3/ 22 cases needed additional groin in-
cision [9]. This means that a palpable undescended 
testis may be surgically relocated into the dependent 
scrotum without sacrifi cing the traditional principles of 
orchiopexy [10]. The main reason for conversion re-
mains the insuffi  cient length of cord. It is suggested 
that when the testis is located in the inguinal canal or 
higher, a traditional inguinal incision should be consid-
ered before the operation. 

A possible controversy regarding the scrotal ap-
proach is whether the dissection is high enough to 
easily allow for adequate lengthening of the cord 
and placement of the testis into the scrotum without 
tension. Also, there is concern that a single scrotal 
approach may not allow suffi  cient ligation of the pro-
cessus vaginalis to avoid hernia or hydrocele for-
mation after the operation. However, the majority of 
the undescended testes are palpable distal to the 
inguinal canal. 

    
Fig. 7, 8. The intrascrotal incision postoperatively, after suture

 placement
Fig. 9. Intrascrotal incision during follow- 

up. Excellent cosmetic result
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Furthermore, in the pediatric age group, the inguinal 
canal is short, with the internal and the external rings 
almost superimposed to one another. This couple 
with the relative morbidity of the skin in the inguinal 
region allows retraction of the skin incision, thereby 
enabling dissection through the scrotum without 
opening the inguinal canal. Moreover, palpable un-
descended testes appear to be held up by a shorter 
than normal processus vaginalis that often has high 
insertion, as observed by Bianchi and Squire in 1989. 

When additional cord length is required, additional 
dissection through the scrotal incision is possible, by 
opening the external inguinal ring and canal, as we 
have already performed in cases of cryptorchidism. 

According to these facts, the scrotal incision is con-
sidered adequate for orchidopexy in most palpable 
undescended testes. 

In addition to that, it is possible to successfully cor-
rect other inguinoscrotal abnormalities by using the 
scrotal incision method, such as hernia and hydro-
cele, as it gives such excellent access to the proces-
sus vaginalis, external inguinal ring and inguinal ca-
nal [2, 7, 11].

Αnother controversy is whether the older the patient, 
the higher the failure rate of high scrotal orchidopexy 
in terms of successful placement of the testis in a de-
pendent position in the scrotum. According to a study 
of Talabi et al., the increasing age of patients and lo-
cation of palpable undescended testes had no infl u-
ence on successful placement of the testes into the 
scrotum via both scrotal and inguinal technique [12].

The scrotal incision is also considered preferable in 
redo orchidopexy procedure in cases of recurrent 
and iatrogenic undescended testes, after primary 
traditional orchiopexy, as it allows early entry into 
unscarred, previously unexplored layer of the canal, 
which allows a safer mobilization of the testis and 
then the cord [13].

A scrotal incision is associated with shorter opera-
tive time, less postoperative pain, no added morbidity 
and improved cosmetic outcomes. 

As for the noted complications, theoretically these 
include transient scrotal οedema, wound hematoma, 
and testicular renascent, which had no signifi cant dif-
ference while using the traditional orchiopexy. Our 
patients had an uneventful postoperative recovery, 
with none of the mentioned complications, and none 
of them required convention to the traditional inguinal 
method.

The main diff erence of the intrascrotal incision, com-
pared to the high single scrotal incision, is that the 
second one requires two incisions for contralateral pa-

thologies, on the contrary to the intrascrotal approach, 
that allows the examination and repair of the impair-
ment through one mid raphe incision, which allows ac-
cess to both sides of the scrotum. Additionally, there 
is a minimal chance, though, of injuring the superfi -
cial branches of the genitofemoral and the ilioinguinal 
nerves, using the high single scrotal incision [14].

As for the testicular prothesis placement, after sys-
tematic and comprehensive review of the relevant 
literature, we did not fi nd a similar study. Tradition-
ally, the specifi c procedure is established through 
an inguinal incision. In our opinion, the intrascrotal 
incision facilitates the exploration of the unilateral 
scrotum and inguinal region, enables the expansion 
of the unilateral hemi-scrotum for the prothesis place-
ment, while at the same time allows the performance 
of preventive orchiopexy of the bilateral testis.

Initially, we managed four cases of testicular torsion 
using the intrascrotal incision. These cases encour-
aged us to broaden the use of this technique in a 
range of inguinoscrotal pathologies, as we believed 
it was possible, from a surgical and technical aspect.

The main disadvantages of our study are:

1. The relatively limited number of patients we 
managed, although greater than most of the cor-
responding studies in the recent literature [4].

2. The restricted period of time, this study refers to.

3. Finally, this is an observational study, thus it lacks 
the compared results of a double-blind study.

CONCLUSIONS 

The results of our study show that the intrascrotal 
incision may be used in the following pathologies: 
torsion of the spermatic cord, appendiceal torsion, 
adult-type hydrocele, communicating hydrocele, ec-
topic testis, retractile testicles, palpable undescend-
ed testis, testicular trauma and testicular prosthesis 
placement.

The advantages that encouraged us to use the intra-
scrotal incision as the technique of choice are:

1. The ability to treat a variety of pathologies re-
garding both two hemi scrotum and the inguinal 
region at the same time. 

2. The provision of adequate surgical fi eld, while suc-
ceeding much less dissectonal tissue disruption.

3. The excellent cosmetic result. 

4. The greater comfort for the ‘day-case’ child 

5. The ability to use the intra scrotal septum in or-
der to fi x the testis in the scrotum and the avoid-
ance of an extra incision.
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Finally, besides the disadvantages mentioned above, 
we believe that the number of cases described, being 
greater than most of the relative studies of the recent 
literature, are reliable and valuable.
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CASE  REPORT

INDOCYANINE GREEN FLUORESCENCE FOR LIVER 
ASSESSMENT AND IMAGING-GUIDED RESECTION 
OF COLORECTAL METASTASES: A CASE REPORT
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Abstract. Introduction: Liver resection is widely accepted as a treatment option 
for primary liver cancer and metastases. The goal of surgery is to resect all tumours 
with negative histological margins while preserving sufficient functional hepatic pa-
renchyma and reducing postoperative complications. The use of Indocyanine green 
(ICG) for liver function assessment and fluorescence image-guided surgery could 
be used to achieve that goal. Clinical Case Description: We present the case of a 
62-year-old female patient with diagnosed sigmoid colon cancer with four bilobar liver 
metastases who underwent a simultaneous sigmoid resection and ICG fluorescence 
image-guided liver resection 3 days after preoperative ICG liver function assessment. 
We decided to perform liver-sparing resection having in mind the liver metastases’ 
number, size and location and the slightly impaired liver function (ICG retention rate 
15 – ICGR15 was 14,02%). All liver tumours were removed without complications, 
and the resected margins were all microscopically free of tumour tissue (R0 resec-
tion). The postoperative period was uneventful, without any signs of postoperative 
liver failure. Conclusions: ICGR15 can be considered a safe and informative marker 
for liver function and indirectly for the degree of portal hypertension. ICG fluores-
cence provides an additional method to assist intra-operative tumour identification. 
The best timing of injection requires further study.

Key words: liver resection, ICG fl uorescence image-guided surgery, liver metastasis, liver function, 
ICGR15  
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INTRODUCTION

Contemporary liver oncological surgery is 
based on three main principles: performing 
R0 liver resections, preserving healthy liver 

parenchyma, and reducing postoperative complica-
tions [1]. Postoperative liver failure (PHLF) is one of 
the most severe complications [2]. Its occurrence is 
closely related to the volume and functional capac-
ity of the residual liver [2]. Conventional basic liver 
function tests (AST, ALT, bilirubin, albumin, GGT) 
can assess the absence or presence of liver dam-
age but cannot provide a quantitative assessment 
of liver function [3]. Dynamic liver function tests are 
more sensitive and provide a qualitative and quanti-
tative assessment of the functional liver capacity [3]. 
Worldwide, the Indocyanine green (ICG) 15-minute 
retention rate (ICGR15) is one of the most popular 
methods [3, 4]. 

In addition, ICG near-infrared fl uorescence imaging 
can be used to improve the achievement of R0 liver 
resection and prevent missing tumour tissue. Ishiza-
wa et al. reported in 2009 that intravenous injection of 
ICG caused “bull’s eyes” of fl uorescence to be formed 
around primary or metastatic tumours in the liver [5, 
6]. The preoperatively injected ICG is retained inside 
them due to biliary excretion disorders in the cancer-
ous tissues [6]. The dose of ICG most frequently used 
to identify liver tumours is 0.5 mg/kg body weight, ad-
ministered 1-14 days before surgery [6, 7].

We present the case of a patient with sigmoid colon 
cancer with liver metastases who underwent a si-
multaneous sigmoid resection and ICG fl uorescence 
image-guided liver resection after preoperative ICG 
liver function assessment. As far as we know, this is 
the fi rst case in Bulgaria reporting the combined us-
age of these methods. The case is a part of a study 
funded by GRANT – 2021 of the Medical University 
of Sofi a (D-110/ 04.06.2021).

CLINICAL CASE DESCRIPTION

A 62-year-old female was referred to our hospital 
for sigmoid colon cancer with liver metastases di-
agnosed at another hospital. Her main complaints 
were mild pain and discomfort in the right hypo-
chondrium. A colonoscopy revealed an ulcero-
polypic tumour at a distance of 35 cm from the 
anus. The CT images demonstrated an eccentri-
cally thickened wall of the sigmoid colon, with high-
grade lumen stenosis of about 4.8 cm in length. 
Prestenotic dilatation of 7.35 cm and locoregional 
lymphadenomegaly were also registered. The liver 
was enlarged and fatty, and hypodense lesions of 

various sizes were visualized in the parenchyma of 
both lobes. The tumour in segment VIII was 7 cm in 
size, and that in segment VI was about 2.4 cm. The 
patient had a history of previous appendectomy 
and laparoscopic cholecystectomy. Her concomi-
tant diseases included obesity and ischemic heart 
disease. Laboratory tests were within the normal 
range, except for gamma-glutamyl transferase 
(GGT) – 62 U/l. Tumour markers were elevated – 
CA 19-9 – 195.8 U/mL; CEA – 43.9 ng/mL. 

She received a preoperative ICG 15-minute reten-
tion test (ICG-R15 test) for liver function assess-
ment at an ICG dose of 0.5 mg/ kg body weight. The 
result was 14,02%. She underwent a simultaneous 
sigmoid colon resection, omentectomy and liver-
sparing hepatic resection 3 days after the ICG-R15 
test. We used an ICG fl uorescence imaging system 
and intraoperative ultrasound to identify liver tu-
mours during surgery. Intraoperatively, we found a 
fatty liver with several metastatic lesions. The larg-
est one, with a diameter of about 7.5 cm, was lo-
cated in the VIII segment (Fig. 1). One was in the 
liver segment III about 3cm in diameter, and two of 
similar size were located in the VI and VII segments 
(Fig. 2). The primary tumour was in the middle third 
of the sigmoid colon. The lesion was about 4 cm 
in diameter, with hard cartilaginous density, almost 
entirely stenosing the intestibnal lumen. We decided 
to perform liver-sparing hepatic resection having in 
mind the liver metastases’ number, size and loca-
tion and the slightly impaired liver function.

Fig. 1. Liver metastasis in VIII liver segment. The picture 
also shows the resection surface after the removal of the 
lesion in the III segment
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Fig. 2. ICG fl uorescence imaging of the metastasis in VI 
liver segment

Before the liver transection, the entire liver pedicle 
was encircled with tape, and an intermittent period 
of infl ow clamping using the Pringle manoeuvre was 
performed to prevent haemorrhage. During the sur-
gical resection, ICG fl uorescence imaging was also 
used to distinguish in real-time between tumour bor-
ders and normal liver parenchyma. Guided by the 
fl uorescent signal, at least a 1-cm resection margin 
was marked, and hepatic transection was performed 
through a clamp-crushing method employing the Li-
gasure and bipolar forceps (Fig. 3). All the tumours 
were entirely removed without complications (Fig. 4). 

Finally, the resected margins were all microscopically 
free of tumour cells (R0 resection). The postoperative 
period was uneventful, without any signs of PHLF. 
One month after the operation, adjuvant chemother-
apy was initiated.

Fig. 3. ICG fl uorescence imaging of the metastasis in VIII 
segment, distinguishing tumour borders and normal liver 
parenchyma

Fig. 4. The patient’s liver after resection of the lesions in VI 
and VII liver segment

DISCUSSION

Liver resection is widely accepted as a treatment 
option for primary liver cancer and liver metastases 
(most commonly colorectal and from neuroendocrine 
tumours) [8]. Colorectal liver metastases (CLC) are 
the most common reason for liver resection in West-
ern countries, and results in recent years have been 
encouraging – postoperative mortality in large series 
ranging from 0.2% to 3.5%, 1-year survival – 89%-
97%, and the 5-year survival being between 15% and 
50% [8].

The diagnostic and treatment approach in patients 
with liver tumours must be complex, multidisciplinary 
and individualized in order to achieve optimal results. 
The goal of surgery should be to resect all tumours 
with negative histological margins while preserving 
suffi  cient functional hepatic parenchyma [6, 9].

The appearance of PHLF is closely related to the 
volume and functional capacity of the residual liver 
tissue (RF) [2]. To prevent it, according to modern 
algorithms, a FLR > 20% is considered the minimum 
safe volume for patients with normal liver function, 
while a FLR above 30% is necessary for patients 
who have already received chemotherapy, and 40% 
is considered the minimum required for patients with 
cirrhosis [2].

Therefore, an accurate assessment of liver function 
is crucial. ICG has been widely used in clinical set-
tings to estimate cardiac output and liver function 
since its approval by the US Food and Drug Admin-
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istration in 1954 [10]. It is excreted unchanged and 
almost entirely (97%) in the bile [3]. Toxicity is ex-
tremely low, with allergic reactions and side eff ects 
reported in less than 1/40,000 cases [3, 4]. An easily 
performed method for evaluating liver function is the 
spectrophotometric determination of the ICG blood 
concentration 15 minutes after its application (ICG 
R15). Established reference values are 0-10% [3].

The indications for the ICG R15 test are: 1) evalua-
tion of the functional liver reserve in patients before 
liver resection (the method is precise in patients with 
underlying liver disease – cirrhosis, steatosis) [3, 4]; 
2) prediction of postoperative complications in liver 
surgery [3]; 3) evaluation of the liver function of the 
donor/cadaveric liver when planning a liver transplant 
[3]; 4) non-invasive assessment of portal hyperten-
sion and oesophagal varices [3, 11]; 5) early func-
tional assessment of the graft after liver transplanta-
tion [3].

The benefi ts of this method are evident from the 
many publications on the subject. In 2014, ICGR15 
was included in a modifi ed liver damage grading sys-
tem [Liver Damage Grading System (LDGS)] [12].  
The Japanese Liver Cancer Study Group of Japan 
proposed and applied LDGS instead of Child-Pugh 
grading as a more accurate and appropriate tool 
for functional assessment of liver reserve [12, 13]. 
Many authors suggest diff erent surgical approaches 
depending on the ICGR15 values. According to the 
accepted Makuuchi criteria, large-volume liver re-
sections should be performed in cirrhotic patients 
with ICGR15 < 15%. Suitable candidates for right 
hemihepatectomies are patients with ICGR15 up to 
slightly > 10%, while left hepatectomies are also dis-
cussed in patients with slightly-high ICGR15 (range 
10% to 19%) [14]. At 20-29%, ICGR15 segmentec-
tomy could be performed, and at 30-39%, only par-
tial, atypical, limited resection is feasible. The signifi -
cance of using ICGR15 to assess the liver reserve 
and predict postoperative outcomes is also evident 
from the published experience of the Makuuchi 
group: zero mortality in 1056 hepatectomies per-
formed between 1994 and 2002 [15]. Other authors 
reported that the lower ICG R15 limit for performing a 
safe large-volume hepatectomy is between 14% and 
17%, the latter being accurate in young patients with 
milder liver disease [16]. In our case, we preferred 
the liver-sparing hepatectomies (limited resections) 
due to the number of liver metastases, their size and 
bilobar location, impaired liver function and the need 
for simultaneous bowel resection. 

As mentioned before, precise detection of liver tu-
mours and their resection in negative margins are 
crucial. Preoperative conventional imaging tech-

niques as ultrasound, contrast-enhanced CT, and 
magnetic resonance imaging are currently used to 
diagnose cancer and are an aid in guiding the resec-
tion [6, 17]. However, liver metastases of colorectal 
cancer might be multi-focal, and small intrahepatic 
tumours are diffi  cult to diagnose [6].

ICG is retained in tumorous tissues even after excre-
tion from the background hepatic parenchyma, lead-
ing to unambiguous identifi cation of liver tumours by 
intraoperative ICG fl uorescence imaging [6]. In con-
trast to intraoperative ultrasound, it can identify su-
perfi cial hepatic lesions with an excellent sensitivity 
of 96-100% [6, 18]. It can also detect small or occult 
tumours, which could be missed by conventional im-
aging techniques [10]. All lesions missed by intraop-
erative ultrasound usually are superfi cially located, 
whereas the lesions missed by ICG fl uorescence 
imaging are profound because of the fl uorescence 
tissue penetration. This suggests a potential role in 
combining intraoperative ultrasound and ICG fl uores-
cence imaging to increase sensitivity and the chance 
of complete resection [6, 19]. Purich et al. demon-
strated that when intraoperative ICG fl uorescence 
imaging is used in conjunction with intraoperative 
ultrasound, ICG could detect additional superfi cial 
malignant lesions in 11.6% of patients [18]. Intraop-
erative histopathological analysis of frozen tumour 
margins is expensive, time-consuming, and may 
be inadequate in large lesions [6]. Defective biliary 
clearance in the transition area between tumour and 
normal liver tissue and liver tumours may result in 
ICG retention, which can be visualized using an ICG 
fl uorescence imaging system [19]. The benefi t of ICG 
fl uorescence is easily seen during laparoscopic sur-
gery since its fl uorescent property compensates for 
the lack of tactile feedback during this procedure [6]. 
Regarding the timing of injection, it has been various-
ly described [7]. Generally, ICG is administered 14 
days before the operation day, and specifi cally within 
3 days in most studies. An additional administration 
(0.02-0.5 mg/kg) is an option in case of a long interval 
between the administration and operation day [7]. In 
cirrhotic or fi brotic liver with impaired liver function, 
slower metabolic elimination of ICG leads to an in-
creased false positive rate of tumour detection [20]. 
Studies, including a high rate of cirrhotic patients, 
tended to present intervals between ICG administra-
tion and surgery longer than 7 days [20].

CONCLUSIONS 

ICGR15 can be considered a safe and sound mark-
er for liver function and indirectly for the degree of 
portal hypertension. ICG fl uorescence provides an 
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additional method to assist intra-operative tumour 
identifi cation. The best timing of injection requires 
further study.

Disclosure Summary: The authors have nothing to disclose.
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project GRANT – 2021 of the Medical University of Sofi a 
(D-110/04.06.2021).

Ethics approval: This study was approved by the hospital 
ethics committee and was carried out following the prin-
ciples outlined in the Declaration of Helsinki. Consent from 
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CASE  REPORT

INTRODUCTION 

Acute lymphoblastic leukemia (ALL) ac-
counts for 30% of cancer diagnoses in 
children under the age of 15 years [1], with 
a cumulative risk of 1 in 2,000 children up 

to the age of 15 years [1]. The disease is diverse, 
considering both biological and clinical aspects, pre-
senting diff erent subtypes; each subtype has been 
shown to be associated with various genetic alterna-
tions with own prognostic relevance [2]. The most 
common chromosomal rearrangement observed in 
ALL is the translocation t(12;21)(p13.2;q22.1) lead-
ing to an ETV6-RUNX1 gene fusion [3, 4]. During re-
cent decades, a signifi cant improvement in treatment 
was achieved being due to such factors as intensive 
chemotherapy, targeted therapy with monoclonal 

antibodies, and hematopoetietic stem cell transplan-
tation. However, in adults with B-ALL, prognosis re-
mains inferior, as those have adverse outcomes and 
survival rates decrease with age, being as low as 10-
20% in the elderly [5].

To the best of our knowledge, this case with gene 
fusion ETV6-RUNX1 due to a translocation t(12;21) 
presented here is the fi rst childhood B-ALL case di-
agnosed and treated in Kosovo.

CASE PRESENTATION

A 3-year-old female presented with weakness, head-
ache, nausea, vomiting, and fever. She was the fourth 
child from the fourth pregnancy of her parents; preg-
nancy completed at term, with birth weight of 3,900 g. 
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There was normal development until actual hospital-
ization. Body weight at time of diagnosis was 20.5 kg, 
and she showed normal psychomotor development. 
However, the skin was very pale without turgor effl  o-
rescence and preserved elasticity. Liver and spleen 
were not palpable. The family history indicated that 
the patient’s paternal grandfather had had malignant 
lung disease, and the patient’s paternal aunt had 
breast cancer (Figure 1). 

Fig. 1. Pedigree of the patient with childhood ALL (arrow, 
III-4). Grandfather (I-1) was aff ected with lung cancer, an 
aunt (II-1) had breast cancer. Remainder family members 
were not aff ected by cancer, yet

Flow cytometry/FACS analysis of peripheral blood 
samples was positive for cluster diff erentiation 
CD45/19, CD10/19, CD3, CD8, CD10, and CD19, 
but negative for CD20, CD22, CD2, CD7, CD56, 
CD13, CD14, CD15, CD30, CD33, CD34, and 

sIgM (Table 1). A reverse transcription (RT-) PCR 
based molecular screening for gene fusions typi-
cally observed in ALL (BCR-ABL; MLL-AF4; ETV6-
RUNX1, E2A-PBX1) and AML (MLL-AF4; MLL-
AF9; MLL-ENL; RUNX1-RUNX1T1; PML-RARA; 
CBFb-MYH11) according to the methods devel-
oped by Europe Against Cancer Program, showed 
that the present case had a ETV6-RUNX1 gene fu-
sion. Banding cytogenetics revealed a karyotype 

46,XX, which means the translo-
cation t(12;21)(p13.2;q22.1) was 
cryptic, as being typical for this 
rearrangement. Immunohistology 
was positive for Pax-5, and immu-
nological staining turned out posi-
tive for CD99, CD10, and TdT, with 
80% of infi ltrates with ALL-blast of 
L2 morphology. Laboratory analy-
sis of erythrocytes identifi ed an-
isochromia and hyperchromia; 
leukocytes expressed leukope-
nia, neutrophils were absent; the 
number of thrombocytes was en-
hanced; granulocytes were much 

reduced apart from some eosinophils. Biochemical 
data obtained during the ten days of hospitalization 
are shown in. Immunological analysis showed that 
ANA (anti-nuclear antibody), MPO (pANA – peri-
nuclear anti-neutrophil cytoplasmic antibody), and 
Pr3 (cANCA – antineutrophil cytoplasmic antibody) 
were negative (Table 1). Bone marrow aspiration 
has shown morphological changes in blast which 
are presented in Figure 2.

Table 1. Results of immunological analysis for our patient

Analysis Results Reference values Unit

ANA (Anti-Nuclear Antibody) 0.2 Negative
< 0.8 COI Negative 

COI0.8-1.2 COI suspected
> 1.2 COI Positive

MPO (pANCA) <3.0 Negative
< 12 AU/ml Negative

AU/ml12-18 AU/ml suspected
> 18 AU/ml Positive

Pr3 (cANCA) <3.0 Negative

< 12 AU/ml Negative

AU/ml12-18 AU/ml suspected

> 18 AU/ml Positive

Complement C3 186.8H 90-180 mg/Dl
Complement C4 29.7 Oct-40 mg/Dl
Immunoglobulin E (IgE) 55.5 < 100 U/Ml
Immunoglobulin A (IgA) 1.8 0.7-4.0 g/L
Immunoglobulin M (IgM) 0.9 0.4-2.3 g/L
Immunoglobulin G (IgG) 10.3  g/L
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Our patient was treated according to the AIEOP-
BFM ALL 2009 protocol, with some modifi cation (fi rst 
phase: 6-mercaptopurine 20 mg/m2/dl; methotrex-
ate 12 mg; leucoverin-rescue i.v. 15 mg/m2; second 
phase: prednisone 48 mg; vincristine 1.2 mg; dau-
norubicin 24 mg; methotrexate 12 mg; third phase: 
cyclophosphamide 80 mg; ARA-C, cytarabine 75 
mg/m2/d; 6-mercaptopurine 48 mg/m2/dl; methotrex-
ate (MTX) 12 mg. According to the protocol, (MTX) 
sho uld be given 5 g/m2 and we have given 3 g/m2. 
Since MTX should be measured in serum and based 
on serum, MTX values the antidote Amp Leucoverin 
should be given. Due to the high toxicity of the drug 
we started with the dose 1/m2, then 2 g/m2 and fi nally 
we now have 3 g/m2. We will gradually increase the 
dose to 5 g/m2 for other patients; Daunorubicin has 
been replaced with Doxorubicin because we do not 
have it on the market in Kosovo; Peg-Asparaginase 
has been replaced by L-Asparaginase due to its high 
toxicity. All these changes were made in consulta-
tion with two European University Clinics: University 
Clinic of Graz – LKH and the University Clinic of the 
Netherlands in Utrecht. She underwent the induction 
phase with chemotherapy. The patient is now in the 
consolidation phase with chemotherapy. In the induc-
tion phase on day 33, the bone marrow was punc-
tured and resulted in 0% blasts, an indication for a 
complete remission being achieved.

DISCUSSION

Acute lymphoblastic leukemia (ALL) is a common 
pediatric malignancy. It is caused by bone marrow 
abnormalities leading to massive production of white 
blood cells being harmful for other bone marrow cells 
and leading to anemia, thrombocytopenia, and even 
neutropenia. The classic symptoms of children with 
ALL are fever, easy bruising or bleeding, fl at, pin-
point, dark-red spots under the skin caused by bleed-

ing, weakness, feeling tired, or looking pale, bone or 
joint pain, shortness of breath, painless lumps in the 
neck, underarm, stomach, or groin, pain or feeling 
of fullness below the ribs, and loss of appetite [6]. 
From data obtained in Japan, the male sex is slightly 
predominant (1.2-fold), with a peak incidence at 1-4 
years of age [7]. During the last years, clinical course 
of childhood ALL improved with an overall surveil-
lance rate exceeding 90%. 

Diff erent genetic factors identifi ed by conventional 
karyotyping can be used for risk stratifi cation. Hyper- 
and hypodiploidy and several other specifi c chro-
mosomal rearrangements are typically observed in 
childhood ALL. Genomic studies furthermore demon-
strated a close connection of inherited and somatic 
genetic alternations in ALL [8]. Diagnoses occur once 
symptoms appear and include physical examination, 
complete blood cell count, and bone marrow biopsy. 
The latter are assessed by microscope for morpho-
logical changes and in parallel undergo cultivation, 
cytogenetic preparation, and analyses for chromo-
somal changes, which can be supplemented by fl uo-
rescence in situ hybridization (FISH) and/or molecu-
lar analyses like RT-PCR [9, 10].

Family risk for ALL were assessed when any member 
of family were diagnosed with any kind of cancer [11]. 
During the genetic consult, parents reported that the 
paternal grandfather had suff ered from pulmonary 
cancer and an aunt from breast cancer. Interestingly, 
in rare cases a familial predisposition for leukemia 
and other cancer types has been reported: diff erent 
variants including TP53 mutation in germline (LiFrau-
meni-syndrome), ETV6 variants and hyperdiploidy 
in ALL, or PAX5 mutation and B-ALL with dicentric/
ischoromosome 9 [12, 13, 14, 15]. Thus, here a fa-
milial component predisposing for malignancy cannot 
be excluded. 

Fig. 2. Bone marrow aspiration was done twice; blasts were below 25% at initial punction, however, 1 month later leukemia 
was diagnosed. L2 cell morphology (according to FAB classifi cation) are large cells, with heterogeneous chromatin, less 
cytoplasm, larger nuclei and irregular shape
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In our case, a child with karyotype 46,XX was diag-
nosed with B-ALL. Together with RT-PCR-result, she 
had a cryptic translocation t(12;21)(p13.2;q22.1). 
Previous studies showed that patients with this 
kind of translocation do extremely well. BFM group 
showed that the incidence of translocation t(12;21) in 
relapse cases was identical to that seen at the initial 
phase of diagnosis [16].

In conclusion, our study underscored the Pession hy-
pothesis that treatment of patients with B-ALL based 
on BFM-ALL 2009 protocols, with four drug induc-
tions for ALL patients, results in maximal therapeutic 
effi  cacy.
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CASE  REPORT

INTRODUCTION

Benign tonsil tumors are very rare compared 
to malignant tumors. There are various 
types of benign polypoid neoplasms, such 

as angiomas, polypoid tonsil lymphangiomas, ham-
artomatous tonsil polyps, lymphoid polyps, and 
tonsil lymphangiomatous polyps, that have been 
described in the literature. According to Kardon et 
al., there are ten well-documented cases of tonsil-
lar lymphangiomatous tumors [1]. Due to the diff er-
ent descriptions of the same or similar histological 
forms, it is diffi  cult to determine the actual frequency 
of the tumor itself [2, 3]. 

The pathogenesis of tonsillar lymphangiomatous 
polyps is controversial. Chronic tonsillogenic infl am-
mation and the associated obstruction of the draining 
lymph canals are discussed as the most likely mech-
anisms of occurrence. These disorders of lymph-
edema eventually lead to mucosal prolapse and the 
appearance of polypoid edema [4].

Tonsil lymphangiomas are most commonly asymp-
tomatic when they are small in size, and in these 
cases, they are found by chance on physical exami-
nation. Rarely, symptoms could be manifested by 
complaints, e.g., dysphagia or a feeling of a foreign 
body in the throat, which can cause an unproductive 
cough. Reaching larger sizes can compress the sur-
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rounding structures, creating breathing diffi  culties, 
stridor, or nausea. Diffi  culty swallowing may progress 
and lead to profuse salivation [5]. 

Mesopharyngoscopy most often reveals the tumor 
formation located on the surface of the palatine ton-
sils. They are almost always unilateral, but in isolated 
cases could be bilateral [6]. It’s not typical, but when 
they are symptomatic, as in our case, they can hardly 
be evaluated as benign lesions before pathohisto-
logical examination and provoke a wide diff erential-
diagnostic process.

CLINICAL CASE

This case is about a 67-year-old man from Stara Za-
gora with complaints of discomfort and sore throat, 
more pronounced on the right side 4 months ago. 
Two weeks before the visit, he noticed a formation on 
his right tonsil that began to interfere with food intake. 

A physical examination of the oral cavity was con-
ducted and showed a pale pedicular formation origi-
nating from the right palatal tonsil. Upon palpation, 
the formation presented as a painful, dense mass 
with a smooth surface. No crepitations, surrounding 
hyperemia, exudates, or ulcerations were observed.

No pathological changes were found in the rest of the 
oral, pharyngeal, and laryngeal cavities. No cervical 
lymphadenopathy was detected, and no deviations 
from the norm were found in the blood count. 

The neoplasm was assessed as an infl amed tonsillar 
papilloma. Intra-oral excision/biopsy was performed 
under local anesthesia. The macroscopic dimen-
sions were 14x11 mm. The tumor mass was fi rm and 
smooth, with a small foot base. No recurrences had 

been observed upon follow-up until 11 months after 
the procedure. 

Microscopic fi ndings
As shown in the images below, the polypous mass 
was covered by squamous epithelium. In the stroma, 
lymphoid tissue is observed, resembling lymphoid 
follicles. In the connecting tissue stroma, many ves-
sels are found. The vessels are of lymphatic and 
blood origin (Figure 1 a, b).

Special staining 
The polyp was stained by markers for blood vessels 
(CD31 and CD34), lymph vessels (D2-40) (Figures 
2a and 2b), lymphocyte cell markers (CD3, CD20, 
CD45) (Figures 3 a and 3b), and a marker for myo-
epithelial and myofi broblastic cell markers (α-SMA).

The blood vessels showed reactivity with anti-CD31 
and anti-CD34. Lymphatic vessels – with anti-D2-40. 
Smooth muscle actin is present in the walls of dilat-
ed lymphatic blood vessels. The hematologic mark-
ers (CD3 [T-cell], CD20 [B-cell], and CD45) are ex-
pressed in the lymphoid cells in the lymphoid tissue. 

DISCUSSION

Lymphangiomatous polyps located in the tonsillar 
region have been described as extremely rare, and 
their etiology and pathogenesis remain unclear. In 
most cases, they are asymptomatic and are found 
incidentally. 

These tumors tend to occur in areas where lymph 
vessels are abundant, with more than 90% of all 
lymphangiomas occurring in the head and neck re-
gion. Most commonly, they involve the skin and sub-

 
a. Lymphangiomatous polyp HE b. Lymphangiomatous polyp HE0001

Fig. 1 a, b. Microscopic fi ndings
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cutaneous tissues, but some articles describe local-
izations like the nasal cavity, larynx, parotid gland, 
mouth, and tongue [7]. 

Histologically, formations are covered with squamous 
epithelium. The stroma of the polyp consists of vari-
ous components, mainly collagen tissue with varying 
degrees of density of collagen fi bers, adipose tissue, 
dilated lymph vessels, and lymphoid tissue [8].

Immunohistochemically, CD34 is less frequent than 
CD31 for lymphatic vessels [9]. In our case, CD31 
and CD34 were detected both in blood and lymph 
vessels. The hematologic markers, including CD3, 
CD20, and CD45, showed polymorphous infi ltration 
of the vascular channels and stroma.  

There is no consensus on the pathogenesis of 
these benign tumors, but the most widely dis-
cussed hypothesis is that their occurrence is due to 
obstruction and dilation of lymph vessels provoked 
by chronically persistent infl ammatory processes 

 
a. Lymphangiomatous polyp CD0031-0003 b. Lymphangiomatous polyp D2-40

Fig. 2 (a, b). The polyp was stained by markers for blood vessels (CD31 and CD34) (a) and for lymph vessels (D2-40) (b)

 
Fig. 3a. Lymphangiomatous polyp CD3 Fig. 3b. Lymphangiomatous polyp CD20

in the tonsils. The prognosis for tonsillar lymphan-
giomas is good. In the available literature, we did 
not fi nd a described case of malignant degenera-
tion. Treatment is either partial excision or, most of-
ten, extensive surgical removal, with tonsillectomy 
being the preferred procedure to ensure complete 
removal. This is because of the lack of encapsula-
tion, and recurrences of lymphangiomas are gen-
erally common if not completely removed [10]. 

Attempts have been made to treat them with ionizing 
radiation, but most of the authors conclude that these 
lesions are not radiation-sensitive, so radiotherapy is 
ineff ective and only unduly increases the risk of de-
veloping various complications, including malignan-
cies of the head and neck [11]. 

CONCLUSION 

Lymphangiomatous polyps of the palatine tonsils 
are very rare, benign lesions that manifest as tonsil-
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lar growths. The anamnesis and the clinical exami-
nation are integral parts of the diagnostic process, 
but for their defi nitive establishment, histological 
examination and immunohistochemical analysis 
are required. Lymphangiomatous polyps should be 
considered in the diff erential diagnosis of all benign 
tumors, and it is extremely important to diff erentiate 
them from malignant tonsil lesions with detailed his-
tological analysis. 

Treatment is only surgical removal with a partial or 
total tonsillectomy. If partial, the patient should be fol-
lowed for recurrence. 
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CASE  REPORT

INTRODUCTION

An aortic dissection is caused by a tear in the 
intimal layer of the aortic wall. As a result, the 
blood fl ow provokes a continuing longitudinal 

splitting within the intima and media and formation 

of false lumen. This could lead to sudden death or 
development of further complications such as severe 
aortic regurgitation, cardiogenic shock, myocardial 
infarction, and arrhythmias. Aortic dissection is con-
sidered to be the most common cause of aorta-re-
lated death. These dissections are associated with 
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MYOCARDIAL INFARCTION
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Abstract. Introduction. Aortic dissections occur as a result of a tear in the intimal layer, 
continued longitudinal splitting within the intima and media, and formation of false lumen. 
This could lead to sudden death or severe aortic regurgitation and cardiogenic shock. 
The presented case here describes a patient with acute anterior ST-elevation myocardial 
infarction due to acute Stanford type A ascending aortic dissection. Case presentation. 
A 55-year-old male presented with severe chest pain, radiating into the back, jaw, and 
left arm, and signs of cardiogenic shock. Electrocardiography showed acute anterior ST-
elevation myocardial infarction and echocardiography confi rmed that there was a reduced 
left ventricle ejection fraction (38% calculated using the Simpson method), severe aortic 
regurgitation, and wall motion abnormalities. Based on these fi ndings, we made a diagno-
sis of acute myocardial infarction. In accordance with the current guidelines, we opted for 
an interventional therapeutic approach. Angiography showed left main trunk dissection ex-
tending to the left anterior descending coronary artery caused by ascending aorta dissec-
tion. This fi nding altered the diagnosis and treatment plan and the patient was immediately 
sent to the operating room for emergency surgery. Conclusions. Аortic dissection should 
be suspected in patients presenting with acute anterior ST-elevation myocardial infarction, 
severe aortic regurgitation, and cardiogenic shock. Involvement of the left main trunk and 
left anterior descending artery occurs much more rarely than that of the right coronary ar-
tery, which causes inferior myocardial infarction.
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some known risk factors such as hypertension, ath-
erosclerotic disease, male gender, connective tissue 
disorders, especially in younger patients (Marfan’s 
syndrome or Ehler’s-Danlos syndrome), and bicus-
pid aortic valve. 

Aortic dissections may be categorized according to 
the Stanford classifi cation into type A and type B dis-
sections. Type A aortic dissections aff ect the ascend-
ing aorta and involve any part of the aorta proximal 
to the origin of the left subclavian artery. Тype B dis-
sections do not involve the ascending aorta and arise 
distal to the origin of the left subclavian artery. 

A rare but life-threatening complication of type A dis-
section is acute myocardial infarction, which is related 
to the extension of the dissection fl ap into the ostium 
of the coronary artery in 1-2% of cases. Involvement 
of the left main trunk and left anterior descending ar-
tery is much rarer compared to that of the right coro-
nary artery. Myocardial infarction occurs more often 
than aortic dissection in emergency departments [1]. 
Most ST-elevation myocardial infarctions are caused 
by a rupture of an atherosclerotic plaque, subsequent 
thrombosis, and coronary occlusion so patients ben-
efi t from urgent percutaneous coronary intervention. 
Patients presenting with type A aortic dissection need 
emergency surgery [2]. Therefore, when acute dis-
section is complicated with acute myocardial infarc-
tion, the correct diagnosis of dissection can be elu-
sive and these patients might be treated with primary 
percutaneous coronary intervention (PCI) instead of 
surgical operation [3]. In these cases, the outcome 
can be catastrophic [4]. 

The reported case is a rare presentation of acute an-
terior myocardial infarction due to an acute Stanford 
type A aortic dissection involving the left main trunk of 
the coronary artery, causing cardiogenic shock, and 
severe aortic regurgitation.

CASE PRESENTATION

A 55-year-old male from Plovdiv, Bulgaria, was ad-
mitted for a hospital treatment due to sudden severe 
sharp chest pain radiating into the back, jaw, and left 
arm, accompanied by sweating, nausea, and vomit-
ing. The complaints started 40 minutes before admis-
sion. The patient suff ered from arterial hypertension 
but no current treatment was provided. He presented 
at the emergency department in poor general condi-
tion, pale and sweaty. The physical examination of 
cardiovascular system revealed sinus tachycardia 
(120 beats per minute) and hypotonic blood pres-
sure (80/50 mm Hg). The diagnostic process contin-
ued with recording of an electrocardiogram (ECG) 
which revealed ST-depression in standard leads I, II, 

III (Fig. 1A), ST-elevation and Q wave in aVR, aVL, 
ST-depression in aVF (Fig. 1B), ST-elevation and Q 
wave in the precordial leads V1-V3 (Fig. 1C), and ST-
elevation in V5-V6 (Fig. 1D). 

The initial diagnosis based on the clinical presentation 
and ECG fi ndings was acute anterior myocardial in-
farction and the patient was transported to the cardi-
ology department. During monitoring at the intensive 
care unit, a ventricular ectopic beats R-on-T phenom-
enon (V Lown class) was registered. To assess cardi-
ac function, urgent echocardiography was performed. 
It showed left ventricular hypertrophy (septum and left 
ventricle posterior wall 1.2 cm) as a result of untreated 
arterial hypertension. Left ventricle systolic function 
was assessed by measuring the left ventricle ejection 
fraction (LVEF) using two separate methods. It was 
found to be signifi cantly reduced – LVEF 40% mea-
sured by the Teichholz method and 38% measured by 
the Simpson method (normal range 55 to 70%). Valve 
assessment performed using color Doppler showed 
moderate mitral regurgitation (II grade), severe aortic 
regurgitation (IV grade), severe tricuspid regurgitation 
(III grade), and elevated tricuspid valve gradient (52 
mHg) (normal range 12.6 to 29. 3 mm Hg). Elevated 
systolic pulmonary artery pressure of 62 mm Hg (nor-
mal range 18 to 25 mm Hg) was indicative for pulmo-
nary hypertension and was registered by using pulse 
wave Doppler in the parasternal short axis view. Wall 
motion abnormality such as apical dyskinesia was ob-
served in apical four-chamber view and was taken as 
a result of regional myocardial ischemia due to coro-
nary artery occlusion. 

The laboratory blood tests revealed leukocytosis 
(13.29×109/l) (normal range 3.5 to 10.5×109/l) and 
elevated blood glucose (8.76 mmol/l) due to severe 
stress reaction. Myocardial injury was suspected on 
the basis of elevated creatine phosphokinase (CPK, 
178 U/l) (normal range 0 to 171 U/l) and elevated 
CPK-MB (25.4 U/l) (normal range 0 to 25 U/l). The 
lipid profi le revealed an additional risk factor for ath-
erosclerotic disease, a concomitant dyslipidemia: el-
evated total cholesterol (6.14 mmol/l) (normal range 
3.5 to 5.17 mmol/l) and triglycerides (5.38 mmol/l) 
(normal range up to 1.69 mmol/l). The initial diagnosis 
based on clinical presentation, ECG changes, echo-
cardiography data, and laboratory results was acute 
anterior myocardial infarction. In accordance with the 
European guidelines for the treatment of acute coro-
nary syndrome, interventional strategy was under-
taken. The percutaneous coronary intervention (PCI) 
using radial access showed left main trunk dissec-
tion involving proximal left anterior descending artery 
(LAD) (Fig. 2) with partial perfusion and thrombolysis 
in myocardial infarction (TIMI) fl ow grade II. 
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Fig. 2. Percutaneous coronary intervention. Left main trunk 
dissection

The left circumfl ex and right coronary arteries were 
intact with normal blood fl ow. 

A decision to undertake an aortography investigation 
was made based on the echo fi ndings of severe aor-
tic regurgitation. The investigation revealed dilated 
aortic root and ascending aorta (Fig. 3A) and pres-
ence of intimal fl ap (Fig. 3B). The pigtail catheter was 
placed into the true lumen (Fig. 3C). 

All these fi ndings confi rmed the accuracy of the di-
agnosis of aortic dissection previously misdiagnosed 
with acute myocardial infarction due to coronary 
atherothrombosis. Treatment was based on the ini-
tial diagnosis. As the patient presented with typical 

А  

В  

С  

D  

Fig. 1. Electrocardiogram. A) ST-depression in standard leads I, II, III; B) ST-elevation and Q wave in standard leads aVR, 
aVL, ST-depression in aVF; C) ST-elevation and Q wave in precordial leads V1-V3; D) ST-elevation in precordial leads V5-V6
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complains, ECG changes, echo data of wall motion 
abnormalities, and reduced left ventricle ejection 
fraction, laboratory data indicating acute anterior 
STEMI, the initial treatment included anticoagulant 
(unfractionated heparin 5000 E loading dose fol-
lowed by an infusion of 1000 E/hour) and antiplate-
let agent (acetylsalicylic acid 250 mg loading dose). 
Due to hemodynamic instability that led to the de-
veloped cardiogenic shock, inotropic drugs were ad-
ministered (dopamine and dobutamine at an infusion 
rate of 2.5 μg/kg/min). The complex ventricular ar-
rhythmias were treated with amiodarone infusion and 
magnesium. Urgent transportation to cardiac surgery 
clinic was arranged right after confi rmation of severe 
ascending aorta dissection of Stanford type A. Unfor-
tunately, the patient died in the ambulance during the 
transportation. 

Fig. 3. Aortography. A) Dilated aortic root and ascending 
aorta; B) Presence of intimal fl ap; C) Catheter placed into 
true lumen

DISCUSSION

The acute aortic syndrome includes aortic dissection, 
intramural hematoma, and a penetrating aortic ulcer. 
Although dissection is one of the most common dis-
orders associated with aortic disease, it is also the 
most fatal one, for a variety of reasons, including the 
patient presenting with unusual symptoms or severe 
acute heart disease. Therefore, healthcare profes-
sionals are faced with a serious challenge leading to 
diffi  culties in making an accurate diagnosis and, as 
a result, delaying the commencement of the correct 
surgical therapy, resulting in an increase in mortality 
rate. Several case reports of a Stanford type A aortic 
dissection in combination with a myocardial infarction 

have been published [5-12]. When a type A aortic dis-
section extends to the left main trunk of the coronary 
artery, life-threatening hemodynamic instability may 
occur, including cardiogenic shock, severe systolic 
LV dysfunction, frequently ending with sudden death 
[15]. Acute myocardial infarction due to extension 
of an acute Stanford type A aortic dissection is very 
rare. When combined with myocardial infarction due 
to left main trunk involvement, it is one of the most 
lethal clinical situations. This requires a prompt and 
accurate diagnosis and urgent surgical treatment to 
save the patient’s life. However, it is diffi  cult to make 
a diff erential diagnosis between acute myocardial 
infarction and myocardial infarction due to the ex-
tension of aortic dissection into the coronary artery. 
Ischemia could be a result of dynamic hemodynamic 
changes as the intimal fl ap causes an occasional 
obstruction of the coronary artery. Another possi ble 
mechanism is static, in which the hematoma narrows 
the lumen of the vessel [2]. Evaluation of the ascend-
ing aorta using either transthoracic or transesopha-
geal echography and a computed tomography (CT) 
scan, when possible, is extremely important for ac-
curate diagnosis. Interventional study using aortog-
raphy with manual injection of the contrast through 
a pigtail catheter is eff ective for detecting the aortic 
dissection. The presence of an intimal fl ap and di-
lation of the aorta are crucial for exact diagnosis of 
aortic dissection. A resistance noted while advancing 
the diagnostic catheter during PCI is suspicious for 
aortic dissection. If the catheter is placed in the true 
aortic lumen, the movement of the catheter is free 
and smooth but if placed in the false lumen, the ad-
vancement is diffi  cult [1]. 

The presented clinical case is signifi cant for clini-
cal practice because it is a rare demonstration of 
acute type A dissection involving the trunk of the left 
coronary artery, resulting in acute blood fl ow disrup-
tion and the development of another life-threatening 
condition, acute anterior myocardial infarction with 
ST-elevation. In comparison, involvement of the 
right coronary artery in acute aortic dissection is far 
more common. Aortic dissection must be addressed 
as an underlying etiological cause when patients 
present to the emergency room with ST-elevation 
acute coronary syndrome. Because of its rarity, the 
current clinical case demonstrates the challenges 
in reaching an accurate diagnosis, which requires 
experience and modern technical equipment, in-
cluding imaging equipment. Severe aortic dissec-
tion was not suspected by emergency department 
physicians even during the performance of trans-
thoracic echocardiography. Percutaneous coronary 
intervention and aortography provided complete vi-
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sualization of the aorta and in this case served as 
invasive diagnostic imaging modalities for the es-
tablishment of the correct diagnosis.

CONCLUSIONS

Patients with acute anterior STEMI, significant 
aortic regurgitation, and cardiogenic shock should 
be specifically evaluated for aortic dissection. Al-
though acute myocardial infarction has a charac-
teristic appearance, it is crucial to actively look 
for symptoms of aortic dissection during physical 
examination, imaging (echocardiography and CT 
scan), and interventional tests to obtain an accu-
rate diagnosis. Any delay could result in the pa-
tient’s death. The only treatment for acute Stan-
ford type A aortic dissection is immediate surgical 
repair.

Disclosure Summary: The authors have nothing to disclose.
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INTRODUCTION

The COVID-19 pandemic, announced by the 
World Health Organization in March 2020, fun-
damentally changed the practice of medicine. 

Doctors had to live in a new reality. Тhey had daily to 
apply incredible, often creative, and innovative meth-
ods in increasingly complex conditions. The situation 
unfolded in real time and the push was to make smart 

decisions that would keep the public body safe while 
providing the best possible medical care. Its safe, 
timely and effi  cient provision was becoming an in-
creasing challenge. Necessary but non-urgent exami-
nations and operations were postponed, often indefi -
nitely. At the same time, eff orts to limit the spread of 
the virus placed patients in a situation where they had 
to choose between receiving medical care and risking 
exposure to the coronavirus infection (COVID-19).
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COVID-19 had left no aspect of modern life untouched; 
its impact was unprecedented and long-lasting. In ad-
dition to unexpected consequences for patients with 
existing eye problems and diffi  cult access to medi-
cal care, there were also consequences for everyone 
else – increased prevalence of dry eye syndrome for 
computer workers, development of myopia in children. 
Remote work and learning inevitably lead to increased 
screen time – a change that had a signifi cant impact 
on eye health. Studies showed that the average num-
ber of blinks dropped from about 18 per minute under 
normal conditions to three or four per minute while 
looking at a screen. These fl ashes were not as strong 
or complete as those made under normal conditions. 
Low humidity and restricted indoor air fl ow had been 
suggested to induce or exacerbate eye conditions [1].

There are good reasons why progressive myopia has 
become a global epidemic in the last two or three de-
cades: children are spending much less time outdoors 
than they used to, at the expense of close viewing at 
devices such as smartphones and tablets [2].

During the pandemic, especially during the weeks of 
strict isolation, distance learning became a reality for 
many children and young people. As a result, they 
spent even longer hours indoors in front of computer 
and tablet screens, neglecting both outdoor time and 
time spent looking at distant points like the classroom 
blackboard. Meanwhile, studies showed that one hour 
of active outdoor activity reduced signifi cantly the risk of 
progressive myopia – by as much as 45% [3]. Children 
who used electronic devices for longer than six hours 
a day and had less than three hours of outdoor activity 
per week had twice the risk of developing near-sighted-
ness. All this led to the increase in incidence of myopia.

Social distancing, quarantine and lockdown peri-
ods prevented many patients from receiving regular 
eye exams, limiting their access to treatment. They 
were reluctant to leave their homes, and routine 
examinations were cancelled or postponed. At the 
same time, planned operations were suspended. 
Shortages of medical professionals due to illness 
or quarantine further limited the ability to follow up 
and monitor patients. Chronic eye conditions such 
as diabetic retinopathy (DR), age-related macular 
degeneration (AMD) and glaucoma need routine pe-
riodic outpatient screening and monitoring, regular 
follow-up tests, perimetry exams and optical coher-
ence tomography (OCT). Common eye emergencies 
such as retinal detachment and acute angle-closure 
glaucoma, which require timely diagnosis and spe-
cialist intervention, were cumbersome and diffi  cult to 
manage in this setting. Quarantine and stay-at-home 
prescriptions could lead to adverse psychological 
consequences, whereby patients may refuse to seek 

immediate medical care and may limit their access to 
appropriate eye care [4].

Eye examinations are extremely diffi  cult to perform in 
compliance with safety protocols. The use of portable 
diagnostic equipment such as a handheld tonometer or 
bio-microscope reduces the accuracy compared to gold 
standards in eye diseases. Preliminary data suggested 
that nearly one-third of patients with COVID-19 might 
have nonspecifi c ocular manifestations consistent with 
conjunctivitis, such as epiphora, conjunctival hyperemia, 
and chemosis. Although these manifestations usually 
occur in patients with a more severe course, those with 
conjunctivitis as a fi rst symptom were identifi ed [5].

Signifi cant advances in information and communica-
tion technologies allow the application of remote medi-
cal care in various fi elds, including ophthalmology. 
Telemedicine is defi ned as the use of digital means 
and information exchange to provide health care with 
remote access [6]. The presence of powerful hard-
ware, advanced software and fast communication en-
able doctors to diagnose and treat various emergency 
and chronic eye conditions remotely. The use of tele-
medicine in ophthalmology presents a unique chal-
lenge. The pandemic has dramatically changed the 
practice in ophthalmology, and home tele-diagnosis 
solutions allow to remotely monitor the patients, be-
coming invaluable tools for many practices.

The simultaneous progress of multiple information 
and communication technologies in 2020 created 
an unprecedented opportunity for ophthalmology to 
adapt to new models of care using telehealth sup-
ported by digital innovation. These digital innova-
tions include artifi cial intelligence (AI), 5th generation 
telecommunication networks (5G) and the Internet 
of Things (IoT), creating an interdependent digital 
ecosystem off ering opportunities for developing new 
models of eye care that address the challenges of 
COVID-19 [7]. Ophthalmology is advancing in these 
fi elds in part because of the many imaging-based 
studies. Telehealth and AI provide synchronous so-
lutions to challenges faced by ophthalmologists and 
healthcare providers worldwide [8].

The aim of this article was to review and analyse the 
current state and the opportunities for the application 
of telemedicine in ophthalmology.

MATERIALS AND METHODS

PubMed, ScienceDirect Database, Google Scholar 
databases, as well as offi  cial sites of various govern-
mental and non-governmental institutions were ex-
plored. The search was conducted in the period May 
1, 2022 – July 31, 2022 using key words and phrases 
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such as “tele-ophthalmology”; “telemedicine/telehealth 
and ophthalmology”; “ophthalmology and COVID-19”.

RESULTS

In response to the COVID-19 pandemic, the American 
Academy of Ophthalmology (AAO) published guide-
lines on March 18, 2020, advising the discontinuation 
of any non-urgent or urgent care [9]. At the Vanderbilt 
Eye Institute, daily workloads in April 2020 were re-
duced by approximately 70%. This coincided with an 
initiative for patient service while minimizing exposure. 
A contract was signed with Zoom® (Zoom Video Com-
munications, San Jose, CA) for a virtual meeting on 
the Epic Electronic Medical Record (EMR) platform, 
and access for each physician and patient was estab-
lished through a “my health” link. Within four weeks, 
telemedicine visits increased to account for 18.5% 
of all visits performed at the Vanderbilt Eye Institute. 
During the 12-week period following implementation 
of the telemedicine platform, pediatric and postopera-
tive visits accounted for the largest share (35.7%) of all 
telemedicine visits, followed by neuro-ophthalmology 
(22.4%) and oculoplastics (22.4%). The mean age 
for the follow-up cohort was 36.5 years. On the other 
hand, regarding retinal diseases, the overwhelming 
majority of in-person visits (70%) were for intravitreal 
injections of anti-vascular endothelial factors in AMD 
[10]. Patients with early visits in their postoperative 
course following intraocular surgery represented also 
a signifi cant part of the examinations, given the inabil-
ity to assess intraocular infl ammation and view of the 
posterior segment using modern telemedicine tech-
nologies. Despite these limitations, every ophthalmol-
ogy subspecialty can successfully use the new tele-
medicine format although partially.

Physical eye examination, including visual acuity and 
intraocular pressure, may be diffi  cult or impossible to 
perform at home. Remote visual acuity testing is avail-
able through various apps, but these are not validated 
and are incompatible with Snellen visual acuity mea-
surements. However, in a study done at the Moorfi eld 
Eye Hospital, London UK, involving 350 patients who 
used the Home Vision Monitor app, 70% of the pilot 
group felt reassured knowing their vision was being 
monitored during a pandemic. Approximately 93% of 
participants thought the app was easy to use, while 
85% used it at least once or twice a week. The tech-
nology was designed specifi cally for patients with 
macular diseases, including neo-vascular age-related 
macular degeneration (AMD) and diabetes [11].

Remote measurement of intraocular pressure pos-
es similar challenges. The iCare Home Tonometer 
(iCare Finland Oy) facilitates measurements, but not 

all patients have such a device. Home technology for 
optical coherence tomography has been developed 
for conditions such as age-related macular degener-
ation (AMD), but access to such a device is diffi  cult in 
most cases. There are also major gaps in the use of 
these remote methods and further research is need-
ed, concerning their validation, to allow their use for 
routine tele-ophthalmic care. In addition to the chal-
lenges inherent in ophthalmology itself, any medical 
center or clinic wishing to off er telemedicine services 
must also anticipate staff  challenges. Considerable 
preparation work and training are required to ensure 
these e-visits run smoothly.
The ForeseeHome® AMD Monitoring program was 
designed by Notal Vision as a monitoring device 
that can be prescribed to AMD patients as part of 
a remote diagnostic service provided by the Notal 
Vision Diagnostic Clinic. Using automated AI-based 
alert generation, ForeseeHome helps detecting 
AMD at an earlier stage, allowing early treatment, 
minimizing the risk of irreversible visual acuity loss. 
The AREDS2-HOME study, sponsored by the Na-
tional Eye Institute (NEI), demonstrated that 94% of 
patients, whose wet AMD had been detected with 
the ForeseeHome, preserved better vision, com-
pared to 62% of patients whose clinicians used only 
standard methods for detection such as the Amsler 
Grid [12]. Patients were instructed to test their eyes 
daily and the results were automatically transmitted 
to the clinic at the end of each test. An AI-based 
classifi er identifi ed changes in visual distortions that 
might indicate a dry-to-wet AMD conversion, and 
when a statistically signifi cant change in test pat-
terns was detected, an app alerted the treating phy-
sician so they can determine the best way to action. 
The patient’s test data can be accessed by the doc-
tor through a secure portal at any time.
Caff ery et al. described 62 discrete tele-ophthalmic 
models of care ranging from eye disease screening, 
various consultation services, triage, remote monitor-
ing, educational purposes, and emergency services 
[13]. Most tele-ophthalmology services relied on digital 
images captured by primary care physicians or trained 
technicians with various modalities for capturing the an-
terior and/or posterior segment of the eye. Images were 
transmitted electronically for evaluation to an ophthal-
mologist. Ophthalmology is a high-volume specialty and 
telemedicine has the potential to off er a cost-eff ective 
alternative to a live consultation. This concept plays an 
important role in rural and remote areas where medical 
care is not available. In addition, the use of telemedicine 
may be useful in other special circumstances where ac-
cess to medical care is limited, such as during natural 
disasters or when social distancing is necessary, as in 
the COVID-19 pandemic.
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Telemedicine is a convenient way to reduce face-to-
face meetings during times of social distancing and 
self-isolation. Major advantages of telemedicine dur-
ing the COVID-19 pandemic are lised below:

1. Virtual triage
This technique allows sorting patients out for treatment 
before they go on site to the health facility. Any reduc-
tion in face-to-face consultations improves the protec-
tion of patients, doctors and the wider community. The 
utility of triage will increase with the growing need for 
social distancing and self-isolation. The key to its suc-
cessful implementation is a good risk determination 
strategy based on a minimal data set. In ophthalmology, 
this may include elements of medical history, objective 
measurements (visual acuity, intraocular pressure) and 
imaging tests (photographs, OCT, visual fi elds). Triage 
protocols can be optimized through automated intelli-
gent decision trees guiding the collection of structured 
data. An example of such a platform is the Big Picture 
Medical, connecting opticians with ophthalmologists 
from Moorfelds Eye Hospital, London, UK [14]. There is 
huge potential for this technology to ease the pressure 
on eye clinics at times of greatest stress.

2. Bio-microscope examination
Advanced imaging and diagnostic techniques raise 
the question of whether a bio-microscope examina-
tion is necessary in all cases. This examination re-
quires the doctor and patient to sit facing each other 
at a distance of less than one meter. The barrier 
shields placed on the split lamps since 2020 could 
reduce, but cannot eliminate the risk of cross-infec-
tion. The evaluation of the benefi ts and risks of this 
specifi c exam is critical today, especially since other 
equipment can also be used to view eye structures.

3. Eye video consultation
This type of consultation is particularly suitable for 
minor emergencies, oculoplastics and strabismus, 
for example. Following in the footsteps of tele-der-
matology, platforms such as Consultant Connect 
[15] and Attend Anywhere [16] are being increasingly 
used in the National Health Service (NHS) in Great 
Britain. Patients get more convenient and often ear-
lier access to specialized care. For instance, a virtual 
waiting room can imitate an eye clinic.

A collaboration between the NHS Forth Valley and 
Moorfelds Eye Hospital has recently demonstrated 
the world’s fi rst tele-examination of an eye in 4K res-
olution using 5G broadband, where video of a bio-mi-
croscope examination was transmitted live between 
London and a conference in Edinburgh. This was a 
turning point in tele-ophthalmology as detailed real-
time video was successfully provided using readily 

available equipment. In this way, a remote examina-
tion by an on-call ophthalmologist is possible.

4. Communication
Instant messaging applications allow easier communi-
cation [17], making the patient’s condition more stable 
– especially when individual team members unexpect-
edly need to go into isolation. There is an option to take 
images using your own device and to send them for 
immediate review by a specialist. This technology pro-
vides a “rough and ready” storage and transmission so-
lution at a time when it is physically impossible to visit a 
clinic. Communication failure is a known key factor and 
can cause patient anxiety and stress [18, 19].

5. Remote control systems
During a crisis like the COVID-19 pandemic, it is inevi-
table that hospitals will rush to implement remote man-
agement systems that allow them to provide some care 
for patients who are unable or unwilling to visit the clinic. 
However, as the crisis passes, we see many of the in-
novations designed to meet short-term needs becom-
ing long-term solutions. These new systems must be 
subject to constant control to ensure their quality, their 
meeting standards, and future developments.
Despite numerous attempts to fi nd a solution and more 
and more new and innovative devices and apparatus, 
common criteria, as well as concise guidelines in tele-
ophthalmology have not yet been created. A major ob-
stacle to the diagnosis and treatment of eye diseases 
through telemedicine is the need for a detailed exami-
nation, which requires measurement of visual acuity, 
intraocular pressure, examination of the anterior and 
posterior eye segments. Although some diagnoses 
may require the use of specialized equipment, patients 
feel better if they share their concerns via phone or 
video call. Often a red or irritated eye turns out to be a 
subconjunctival hemorrhage or halation. By allowing us 
to diagnose these conditions remotely, tele-ophthalmol-
ogy minimizes any potential exposure to COVID-19 for 
patients and staff  while providing medical care.
The establishment of specialized ophthalmic clinics 
equipped with remote monitoring devices that are self-
managed or that can be operated by minimally trained 
personnel can overcome the gap in the treatment for pe-
riods of prolonged quarantine and isolation for patients 
with COVID-19. For medical staff , remote care is also a 
safer alternative to in-person screening, allowing more 
patients to be tested for a given period of time. Advanced 
imaging techniques such as ultra-wide-fi eld, artifi cial in-
telligence-based algorithms, and automated robotic sys-
tems have the potential to accelerate the implementation 
of tele-ophthalmology and to increase its utility. Neverthe-
less, telemedicine relies heavily on network and Internet 
capabilities, integration with current electronic medical 
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records (EMR) and image quality. Existing barriers in the 
legal, fi nancial, bureaucratic system, as well as conser-
vatism will have to be reviewed on a country-by-country 
basis. Technological barriers are still a prerequisite for 
slow large-scale adoption. With improvements in image 
processing as well as better integration with EMRs, tele-
ophthalmology is likely to become a far more accepted 
and utilized modality even more so in circumstances 
where social distancing is required.

Countless innovations have created an environment 
ripe for telemedicine in ophthalmology, and COVID-19 
has accelerated the development and adoption of these 
digital technologies. Emerging artifi cial intelligence sys-
tems and telecommunication technologies can poten-
tially transform globally the data-rich and image-de-
pendent specialty of ophthalmology. 5G, IoT and AI are 
gradually introduced in ophthalmology, but the potential 
for reliably connected machines such as optical coher-
ence tomography (OCT) and fundus cameras and algo-
rithms transforming the delivery of ophthalmic services 
is signifi cant. Such technolgy is likely to become more 
prevalent with the increase of the 5G network cover-
ages, enabling better IoT. These technologies may be 
able to make a key contribution to providing quality, sus-
tainable eye care to all patients. The experience of the 
pandemic has revealed the utility of telemedicine even 
in densely populated and well-resourced places. Chal-
lenges to the implementation of these technologies re-
main, including validation, patient acceptance, and end-
user education about these technologies [8].

CONCLUSION

The “new normal” for medicine after this pandemic 
will include telehealth. Although the technology for 
remote ophthalmic monitoring is not quite ready, pa-
tients are willing to accept this approach. This crisis 
will urge innovation. In ophthalmology, this may mean 
home testing. Remotely controlled optical coherence 
tomography devices, mobile applications, and non-
mydriatic eye cameras may become more widely 
available in public places. Telemedicine has become 
an extremely valuable tool in the current situation, 
and while it will never completely replace in-person 
visits, it certainly has a place in today’s dynamic and 
high-tech world. This pandemic has urged medical 
professionals to adapt their practices and protocols 
in creative ways – certainly for the better. These new 
lessons and tools need to be put forward into the fu-
ture so that we can evolve and off er our patients the 
best possible treatment and care methods.
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