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Abstract

Objective. The objective of this non-interventional post-marketing clinical trial was to analyze the antihypertensive effect and
safety of a fixed combination of perindopril and indapamide in the treatment of unregulated essential hypertension. Patients
and Methods. The prospective clinical trial included patients aged 20 to 75 years with essential hypertension and blood pressure
values >2140/90 mmHg at baseline. On the basis of the investigator’s decision, patients received 2 mg perindopril + 0.625 mg
indapamide (group 2+0.625) or 4 mg perindopril + 1.25 mg indapamide (group 4+1.25). Results. The study included 1173 pa-
tients (426 patients in group 2+0.625 and 747 patients in group 4+1.25) at 27 investigational centers in Bosnia and Herzegovina.
Mean blood pressure values at baseline and visits after nine months were significantly higher in the 4+1.25 group compared
to the 2+0.625 group. There was a significant drop in systolic and diastolic blood pressure in both groups. The target values of
systolic and diastolic blood pressure, according to the European Society of Cardiology (2018), were reached after nine months
of therapy by more than 80% of patients in the 2+0.625 group, and this number was significantly higher compared to the 4+1.25
group where more than 60% of patients reached target values. Newly diagnosed patients had a better response to therapy. The
percentage of patients receiving additional antihypertensive therapy decreased by the end of the study. Age, gender and the
existence of diabetes mellitus were identified as negative predictors of target blood pressure achievement. The therapy showed a
good safety profile. Conclusion. A fixed combination of perindopril and indapamide was effective and safe in the treatment of
unregulated essential hypertension.

Key Words: Perindopril and Indapamide = Fixed Combination ®* Uncontrolled Hypertension.

treatment is well tolerated, treated blood pres-
sure values should be targeted to 130/80 mmHg or

Introduction
Hypertension affects about 900 million adults

worldwide and is the leading global cause of
death and disability (1). The Task Force for the
Management of Arterial Hypertension of the
ESC and the ESH recommend that when blood
pressure-lowering drugs are used, the first objec-
tive should be to lower blood pressure to <140/90
mmHg in all patients (2). Provided that the

lower in most patients, although in some groups
the evidence is less compelling. In older patients
(>65 years), systolic blood pressure should be tar-
geted to between 130 and 140 mmHg, and dia-
stolic blood pressure to <80 mmHg. Treated sys-
tolic blood pressure should not be targeted to <120
mmHg (3).

Copyright © 2022 by the Academy of Sciences and Arts of Bosnia and Herzegovina.
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The guidelines from the European Society of
Hypertension (ESH) and the European Society of
Cardiology (ESC) from 2018 recommend initiat-
ing antihypertensive treatment with a two-drug
combination of angiotensin-converting enzyme
(ACE) inhibitors or angiotensin II receptor block-
ers (ARB), plus calcium channel blockers (CCB)
or a diuretic, providing more rapid control of
blood pressure than monotherapy (2). Use of an
ACE inhibitor combined with a diuretic is a well-
established antihypertensive combination that is
very effective because of their different, yet syner-
gistic, mechanisms of action (3). Contrary to com-
monly used thiazide diuretics that have negative
metabolic effects, in terms of increasing the risk
for diabetes and hyperlipidemia, indapamide has
neutral metabolic effects (4-6). The antihyperten-
sive effect of indapamide is due to its dual mecha-
nism of action: both natriuretic diuretic and vaso-
dilatory effects. It is highly lipophilic with a ten-
dency to accumulate in the plasmatic membrane
of smooth muscle cells, reducing transmembrane
calcium flux, with a vasodilatory effect (7).

Although a fixed combination of perindopril
and indapamide is standard care (2), there are no
studies evaluating the efficacy and safety of this
combination in Bosnia and Herzegovina. Also, it
is of interest to evaluate independent predictors
of target blood pressure achievement, and moni-
tor concomitant medications and comorbidities in
patients treated with this combination.

Therefore, the objectives of this study were: (i)
to analyze the antihypertensive effect and safety of a
fixed combination of perindopril and indapamide
in the treatment of unregulated essential hyper-
tension, (ii) to determine independent predictors
of target blood pressure achievement, and (iii) to
analyze concomitant medications and comorbidi-
ties in patients from Bosnia and Herzegovina.

Materials and Methods
Study Design

This prospective, non-interventional, post-mar-
keting clinical trial was conducted in 27 investiga-
tional centers in Bosnia and Herzegovina. Patients

aged 20 to 75 years with essential hypertension
and blood pressure values >140/90 mmHg at base-
line were included. On the basis of the investiga-
tor’s decision, patients received either 2 mg per-
indopril+0.625 mg indapamide (Hypressin Plus’ 2
mg/0.625 mg tablets, Bosnalijek d.d., Bosnia and
Herzegovina) and were assigned to the 2+0.625
group, or 4 mg perindopril+1.25 mg indapamide
(Hypressin Plus’ 4 mg/1.25 mg tablets, Bosnalijek
d.d., Bosnia and Herzegovina) and were assigned
to the 4+1.25 group.

The exclusion criteria were: a positive history
of angioneurotic edema, unregulated hypertension
after administration of more than three antihyper-
tensives, a mental/emotional disorder, malignant
disease, severe liver and kidney damage, dialysis
requirements, untreated decompensated heart fail-
ure, hypokalemia, pregnancy, breastfeeding, hyper-
sensitivity to drug components, and concomitant
use of drugs containing aliskiren, immunosuppres-
sive, allopurinol or procainamide therapy.

The primary objective was defined as a reduc-
tion of blood pressure to normal values accord-
ing to the ESC and the ESH guidelines (8, 9). The
secondary objective was evaluation of the safety
and tolerability of perindopril + indapamide
(Hypressin Plus’) tablets in the treatment of un-
regulated essential hypertension.

Ethics Statement

The clinical trial was approved by the Agency for
Medicinal Products and Medical Devices of Bosnia
and Herzegovina. The Helsinki Declaration from
1975 and its amendments from 1983 were followed
in all procedures. Before any procedure started,
each patient signed an informed consent form.

Evaluation of Efficacy and Tolerability

The efficacy of perindopril + indapamide fixed com-
bination in the treatment of non-regulated essential
hypertension was evaluated by measurement of
heart rate, and systolic and diastolic blood pressure.
Tolerability was evaluated by monitoring the inci-
dence of adverse drug events with an assessment of




the association between the use of the drugs and the
occurrence of adverse reactions by the physician.
Blood concentrations of potassium, sodium, creati-
nine, urea, and glucose were also monitored.

Data Collection

Data collection for each patient was performed
over a nine month period (baseline, first follow up
visit three months after baseline, second follow up
visit six months after baseline, and third follow up
visit nine months after baseline). At the baseline,
demographic data about the patient were collect-
ed, together with their heart rate, systolic and dia-
stolic blood pressure, and the results of laboratory
tests (blood concentrations of potassium, sodium,
creatinine, urea, and glucose). Previous concomi-
tant therapy and newly included therapy were re-
corded. At the first and second control visits, heart
rate, systolic and diastolic blood pressure, together
with adverse events and therapy to be used or con-
tinued, were recorded. At the third and last follow
up visit, the investigator recorded the heart rate,
systolic and diastolic blood pressure, and the re-
sults of laboratory tests (blood concentrations of
potassium, sodium, creatinine, urea, and glucose).
Adverse events were monitored at all timepoints.

Statistical Analysis

The Kolmogorov-Smirnov test was used to deter-
mine normal distribution of numerical data. The
results were presented as mean (x) and standard
deviation (SD) for data that followed normal distri-
bution, or as median and interquartile range (IQR)
for data that did not follow normal distribution.
The average values of systolic and diastolic blood
pressure estimated at different time intervals were
shown with a 95% confidence interval. The differ-
ences in the mean values of heart rate, blood pres-
sure, and laboratory parameters between the two
treatment groups were tested by the Student t-test
for independent samples if the variables followed
normal distribution, and the Mann-Whitney U
test for variables that did not follow normal dis-
tribution. To test the differences in blood pressure

Aziz Sukalo et al: Perindopril and Indapamide in Essential Hypertension

changes estimated at different time intervals (at
baseline, and after 3, 6 and 9 months), the ANOVA
(analysis of variance) test was used for repeated
measurements, after which an appropriate post hoc
test was applied. The differences in the proportion
of patients who achieved target values of systolic
and diastolic blood pressure between the groups
were tested by the Chi square test. The logistic re-
gression analysis was used to examine the indepen-
dent predictors of predefined outcomes. Gender,
age, newly discovered/pre-existing hypertension,
duration of hypertension, diabetes mellitus, smok-
ing, and concomitant antihypertensive therapy
were covariates included in the logistics analysis.
Outcome predictors were presented as odds ratio
and a 95% confidence interval. Statistical signifi-
cance was taken to be at the level of P <0.05.

Results

The study was conducted in the period between
June 2019 and November 2020. Out of 1373 pa-
tients screened, 1173 patients were enrolled (426
patients in the 2+0.625 group and 747 patients in
the 4+1.25 group). Patients were monitored for the
following nine months at three visits (after three,
six and nine months) where blood pressure was
assessed at each visit, and some patients changed
treatment group, as decided by the investigator. A
diagram of the flow of patient distribution into the
therapeutic groups is presented in Figure 1.

At the baseline visit, patients in the 4+1.25
group compared to the 2+0.625 group were sig-
nificantly older, had a higher body mass index
(BMI), higher waist circumference, more diabetes
mellitus, more pre-existing hypertension that had
lasted longer, and higher mean values of systolic
and diastolic blood pressure and blood glucose
levels. No differences in potassium, sodium, cre-
atinine and urea levels were observed between the
two study groups (Table 1).

The antihypertensive concomitant therapy used
during the study is shown in Table 2. The most
common additional antihypertensive drug was a
beta blocker in both treatment groups. The use of
additional antihypertensive drugs decreased from
baseline to the visit after six months (Table 2).
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. Group 2 +0.625
i 2mg perindopril + :
: 0.625 mg indapamide:

Initialy examined patients (N=1373)

. Group4+1.25
¢ 4 mg perindopril +  :
i 1.25 mg indapamide :

Satisfied the inclusion criteria: Did not satisfy the
KP2140/90 mmHg inclusion criteria

(N=1173) (N=200)
[
Group 2 + 0.625 Group 4 +1.25 Visit 0 (baseline)
(N=426) (N=747) (N=1173)
I [
[ s N [ _
Group 2 + 0.625 || Group 2 + 0.625 Group 4 +1.25 || Group 4 + 1.25 ||Drop out '
(N=310) (N=6) (N=116) (N=740) (N=1) 3
Visit 1 (after three :
I I months)
Group 2 +0.625 Group 4 + 1.25 (N=1172)
(N=316) (N=856)
T e S—————
|
[ e A H _
Drop out || Group 2 + 0.625 || Group 2 + 0.625 Group 4 +1.25 || Group 4 + 1.25 | |Drop out :
(N=3) (N=292) (N=3) (N=21) (N=852) (N=1) :
Visit 2 (after six :
= = months) :
Group 2 + 0.625 Group 4 +1.25 (N=1168)
(N=295) (N=873)
T
Visit 3 (after nine :
Drop out Measured blood pressure Measured blood pressure Drop out months)
(N=11) (N=284) (N=846) (N=27) (N=1130) :

Figure 1. The flow of patient distribution into therapeutic groups
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Table 1. Demographic and Clinical Characteristics of Patients with Unregulated Hypertension at the Baseline Visit in

Relation to the Prescribed Therapy

Characteristics Group 2+0.625 (N=426) Group 4+1.25 (N=747) P-value
Age (years) 53.6+11.6 59.8+11.3 <0.001*
Gender (Male/Female) 198 (46.9%)/224 (53.1%) 386 (51.9%)/358 (48.1%) 0.110!
Height (cm) 173.2£12.6 174.6+ 9.7 0.036*
Weight (kg) 81.5£11.3 84.6+13.6 <0.001*
Body mass index 27.1+3.4 27.9+3.8 0.001*
Waist circumference (cm) 94.1+11.1 99.1+12.5 <0.001*
Pre-existing HTN" 196 (46.0%) 528 (70.7%) <0.001!l
Newly diagnosed HTN" 225 (52.8%) 216 (28.9%)

HTN" duration (years) 5.0 (3.0-10.0) 8.0 (4.0-12.5) 0.0015
Smoker 201 (47.2%) 303 (40.6%) 0.030!
Former smoker 32 (7.5%) 65 (8.7%)

Number of cigarettes 21.6+8.8 22.0+8.3 0.650*
Consumes alcohol 86 (20.2%) 155 (20.7%) 0.820!
Sedentary lifestyle 186 (43.7%) 370 (49.5%) 0.070l
DM* 51 (12.0%) 164 (22.0%) <0.001!l
Type 2 40 (78.4%) 135 (82.3%) -

Type 1 0 4 (2.4%) -
Duration of DM' (years) 7.0 (3.0-10.0) 7.0 (5.0-10.0) 0.160°%
Systolic blood pressure 156.2+10.6 161.7£14.3 <0.001*
Diastolic blood pressure 94.7£5.5 97.3+6.9 <0.001*
Heart rate 82.3+12.8 82.0+12.7 0.700%
Potassium (mmol/L) 4.4+0.5 4.4+0.5 0.300*
Sodium (mmol/L) 139.4£8.2 139.5£10.9 0.920*
Creatinine (mmol/L) 91.6+£18.5 93.0+18.4 0.230*
Urea (mmol/L) 6.8+4.7 6.9+4.0 0.730*
Glucose (mmol/L) 5.8+2.0 6.3+3.4 0.014*

"Hypertension; 'Diabetes mellitus; *Student t-test; "Mann-Whitney U test; IChi-square test.

Table 2. Concomitant Antihypertensive Therapy at the Baseline Visit and after Three and Six Months of Follow-up in
Relation to Therapeutic Groups

Visit Antihypertensive therapy Group 2+0.625 N (%) Group 4+1.25 N (%)
Calcium channel blockers 3(0.7) 38 (5.1)
P Beta-blockers 23 (5.4) 57 (7.6)
Diuretic 1(0.2) 10(1.3)
ACE inhibitors - 12(1.6)
Calcium channel blockers 2(0.6) 52 (6.1)
Visit after three Beta-blockers 10(3.2) 55 (6.4)
months Diuretic - 9(1.1)
ACE inhibitors - 25(2.9)
Calcium channel blockers 1(0.3) 38 (4.4)
Visit after six Beta-blockers 2(0.7) 34(3.9)
months Diuretic - 10(1.1)
ACE inhibitors - 13(1.5)
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Systolic and Diastolic Blood Pressure During
Therapy

In the 2+0.625 group, mean systolic blood pressure
values dropped significantly from baseline to the
visit after nine months, with a mean reduction of
-27.9 mmHg; 95% CI (-29.4 to 26.5); P<0.001 (Table
3). Also, mean diastolic blood pressure values de-
creased significantly between baseline and the visit
after nine months, with a mean reduction of -15.3
mmHg; 95% CI (-16.2 to -14.5); P=0.014 (Table 3).
In the 4+1.25 group, mean systolic blood pres-
sure values dropped significantly from baseline to
the visit after nine months, with a mean reduction
of -29.9 mmHg; 95% CI (-30.8 to -28.9); P<0.001
(Table 3). Also, mean diastolic blood pressure

Table 3. Mean Values of Systolic and Diastolic Blood Pressure”

values dropped significantly from baseline to the
visit after nine months, with a mean reduction of
-16.4 mmHg; 95% CI (-16.9 to -15.9); P<0.001
(Table 3).

Mean systolic and diastolic blood pressure val-
ues were significantly higher in the 4+1.25 group
versus the 2+0.625 group at baseline and the visit
after nine months (Table 3).

The mean reduction in systolic and diastolic
blood pressure was significantly higher in the 4+1.25
group compared to the 2+0.625 group at all time
points of patient follow-up (Table 4). The percent-
ages of patients reaching the target values of systolic
and diastolic blood pressure, defined according to
ESC (2018) (8, 9), are presented in Table 5.

Blood pressure (mmHg) Group 2+0.625 (Mean+SD) Group 4+1.25 (Mean%SD) P-value®
Baseline visit 156.2+£10.6 161.7£14.3 <0.001
Visit after three months 141.4+10.6 143.0+13.8 0.380
Systolic Visit after six months 132.8+10.8 13574105 0.650
Visit after nine months 128.8+7.5 131.8+£9.2 0.005
Baseline visit 94.7+5.5 97.3+6.9 <0.001
S Visit after three months 86.5+6.2 86.9+6.7 0.070
Visit after six months 82.3%5.5 83.3+£7.2 0.670
Visit after nine months 79.6+4.3 81.1+5.5 0.020
"Student t-test.
Table 4. Average Reduction of Systolic and Diastolic Blood Pressure at Baseline and Three Follow up Visits”
Blood pressure (mmHg) Group 2+0.625 Median with IQR"  Group 4+1.25 Median with IQR" P-value®
Three months vs. baseline  -14.8 (-15.7 to -13.9) -18.5(-19.3t0-17.7) <0.001
Systolic Six months vs. baseline -23.7 (-25.2t0-22.2) -26.0 (-26.9 to -25.1) 0.008
Nine months vs. baseline -27.9 (-29.4 t0 -26.5) -29.9 (-30.8 t0 -28.9) 0.030
Three months vs. baseline  -8.2 (-8.7 to -7.6) -10.4 (-10.9 t0 -9.9) <0.001
Diastolic Six months vs. baseline -123(-13.4t0-11.0) -14.0 (-14.4t0-13.4) 0.002
Nine months vs. baseline -15.3 (-16.2 to -14.5) -16.4 (-16.9t0 -15.9) 0.038

“Interquartile range. fAnalysis of Variance (ANOVA) test followed by Tukey or Games-Howell post-hoc test.

Table 5. Proportion of Patients with Achieved Target Values of Systolic and Diastolic Blood Pressure according to European
Society of Cardiology ECS (2018) in Relation to the Treatment Group

Achieved target blood pressure Group 2+0.625 Group 4+1.25 x*and P-value
Visit after three months 107/426 (25.1%) 157/747 (21.0%) X’=2.60; P=0.011

Systolic Visit after six months 192/316 (60.8%) 391/856 (45.7%) ¥>=21.00; P<0.001
Visit after nine months 241/295 (81.7%) 538/873 (61.7%) ¥>=39.60; P<0.001
Visit after three months 134/426 (31.5%) 220/747 (29.5%) x>=0.52; P=0.510

Diastolic Visit after six months 199/316 (63.0%) 452/856 (52.8%) ¥>=9.70; P=0.002
Visit after nine months 246/295 (83.4%) 596/873 (68.3%) ¥>=25.10; P<0.001




Independent Predictors of Achieving Systolic and
Diastolic Blood Pressure Targets according to the
ESC (2018)

In the logistic regression analysis model, we exam-
ined the predictors for achieving the target values
of systolic and diastolic blood pressure according
to the ESC (2018), after three, six and nine months
of therapy.

In the 2+0.625 group, age was a negative pre-
dictor of reaching target systolic and diastolic
blood pressure after six months of therapy. Male
gender was a negative predictor of reaching tar-
get systolic blood pressure after nine months of
therapy, and target diastolic blood pressure after
three months of therapy. The presence of diabetes

Table 6. Independent Predictors of Reaching Target Systolic a
Regression Analysis
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mellitus was a negative predictor of reaching tar-
get diastolic blood pressure after three months of
therapy (Table 6).

In the 4+1.25 group, age was a negative predic-
tor of reaching target systolic blood pressure at all
time points evaluated. Male gender was a nega-
tive predictor of reaching target diastolic blood
pressure after three and nine months of therapy.
The presence of diabetes mellitus was a negative
predictor of reaching target systolic blood pres-
sure after three months of therapy, and reaching
target diastolic blood pressure after nine months
of therapy. The number of additional antihyper-
tensive drugs was a positive predictor of reaching
target systolic blood pressure after three months of
therapy (Table 6).

nd Diastolic Blood Pressure Obtained by the Logistic

Therapy duration Predictor B coefficient’ P-value Odds ratio®
Independent predictors of reaching target systolic blood pressure
Group 2+0.625
Three months None identified - - -
Six months Age -0.030 0.013 0.97 (0.95-0.99)
Nine months Male gender -0.700 0.040 0.50 (0.27-0.98)
Group 4+1.25
Three months Age -0.030 0.005 0.97 (0.96-0.99)
Three months Diabetes mellitus -0.600 0.027 0.57 (0.34-0.94)
Three months Number* 0.400 0.034 1.50(1.03-2.10)
Six months Age -0.020 0.001 0.98 (0.96-0.99)
Nine months Age -0.020 0.003 0.98 (0.97-0.99)
Independent predictors of reaching target diastolic blood pressure
Group 2+0.625
Three months Male gender -0.600 0.009 0.55 (0.35-0.86)
Three months Diabetes mellitus -0.960 0.040 0.38 (0.15-0.96)
Six months Age -0.050 <0.001 0.95 (0.93-0.98)
Nine months None identified - - -
Group 4+1.25
Three months Male gender -0.380 0.030 0.69 (0.50-0.96)
Six months None identified - - -
Nine months Male gender -0.020 0.008 0.98 (0.97-0.99)
Nine months Diabetes mellitus -0.500 0.008 0.61 (0.43-0.88)

"B coefficient showing the change in log odds that occur for a one-unit change in an independent variable when all other independent variables are kept

constant; '95% confidence interval; "Number of added antihypertensive drugs.
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Target values of systolic and diastolic blood
pressure achieved in relation to the duration of
hypertension

Compared to patients with pre-existing hyperten-
sion, a significantly higher number of patients with
newly diagnosed hypertension reached the target
values of systolic blood pressure after six months
in both groups (Table 7). Compared to patients
with pre-existing hypertension, a significantly
higher number of patients with newly diagnosed
hypertension in the 4+1.25 group reached the tar-
get values of diastolic blood pressure after three
and six months. However, in the 2+0.625 group
there was no significant difference in the propor-
tion of patients who reached the target values in
relation to the presence of hypertension (Table 7).

Heart Rate

Heart rate dropped significantly during the nine-
month therapy in both study groups, although the
mean values were within the reference range. The
mean heart rate in the 2+0.625 group was signifi-
cantly lower at the second and third follow up vis-
its compared to the 4+1.25 group (Table 8).

Results of Laboratory Tests after Nine Months of
Therapy

The mean values of potassium, sodium, creatinine,
urea and glucose remained within the reference
intervals, and there was no significant difference
between the examined groups. Mean glucose val-
ues remained significantly higher in the 4+1.25
group (Table 9). Hypokalemia occurred in 1.0%
patients in the 2+0.625 group and 0.5% patients in
the 4+1.25 group (Table 9).

Table 7. Proportion of Patients with Pre-existing and Newly Diagnosed Hypertension Who Reached the Target Values
of Systolic and Diastolic Blood Pressure in the Period of Three, Six and Nine Months of Follow-up in Relation to the

Therapeutic Group
Group 2+0.625 Group 4+1.25
Therapy duration Hypertension (mmHg) Hypertension (mmHg)
Pre-existing Newly diagnosed P-value* Pre-existing Newly diagnosed P-value’
Reaching target systolic blood pressure
Three months 46/196 (23.5%) 60/225 (26.7%) 0.500 104/528 (19.7%) 53/216 (24.5%) 0.170
Six months 75/137 (54.7%) 116/174 (66.7%) 0.035 253/586 (43.2%) 138/267 (51.7%) 0.022
Nine months 100/122 (82.0%) 138/168 (82.1%) 1.000 361/600 (60.2%) 178/270 (65.9%) 0.110
Reaching target diastolic blood pressure
Three months 54/196 (27.6%) 79/225 (35.1%) 0.110 140/528 (26.5%) 79/216 (36.6%) 0.008
Six months 87/137 (63.5%) 110/174 (63.2%) 1.000 295/586 (50.3%) 157/267 (58.8%) 0.020
Nine months 105/122 (86.1%) 136/168 (81.0%) 0.270 411/600 (68.5%) 185/270 (68.5%) 1.000

“Chi-square test.

Table 8. Heart Rate in Patients in Relation to the Treatment Group during the Nine-month Follow-up. Data Are Presented

as Mean+SD"

Heart rate Group 2+0.625 Group 4+1.25 P-value®
Baseline visit 82.3+12.8 82.0£12.7 0.700
After three months 77.249.7 77.319.6 0.820
After six months 74.3+8.0 75.4+8.6 0.040
After nine months 72.6+7.3 73.8+8.1 0.010
P-valuet (baseline visit vs. nine months) <0.001 <0.001

“Student t-test. "Analysis of Variance (ANOVA) test followed by Tukey or Games-Howell post-hoc test.
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Table 9. Laboratory Parameters After Nine Months of Follow-up in Relation to Therapeutic Groups. Values are Presented as

Mean+SD or Absolute Numbers and Percentages

Parameters (mmol/I) Group 2+0.625 Group 4+1.25 P-value®
Potassium 44+0.4 4.6+0.5 0.500
Sodium 139.9+£5.0 139.7£6.2 0.920
Creatinin 91.4+54.9 93.9+57.8 0.550
Urea 6.4+3.9 7.0£5.9 0.130
Glucose 5.5+1.3 59+1.4 <0.001
Hypokalemia® 3/295 (1.0%) 4/873 (0.5%) -

“Student t-test; '<3.5 mmol/I.

Adverse Events

The most common side effects at the first follow
up visit were nausea in the 2+0.625 group (1.2%)
and cough in the 4+1.25 group (0.4%) (Table 10).
The prevalence of side effects during the subse-
quent visits decreased, and after nine months of
therapy, a cough was present in only one patient in
the 2+0.625 group and in 2 patients in the 4+1.25
group (Table 10).

Discussion

In this prospective, non-interventional, post mar-
keting study, a fixed combination of perindopril
and indapamide was shown to be effective and safe

in the treatment of unregulated essential hyperten-
sion. Mean blood pressure decreased significantly,
and most of the patients reached the blood pres-
sure target after nine months of therapy with a
better response to therapy in newly diagnosed
patients. Usage of additional antihypertensive
therapy decreased over time. Changes in blood
pressure were accompanied by decreases in heart
rate. Negative predictors of target blood pressure
achievement were age, gender and co-existence of
diabetes mellitus.

Diabetes and hypertension are considered as
“bad companions” Large hypertension outcome
trials comparing antihypertensive drugs with a
placebo or usual care in patients with diabetes and
hypertension have only compared thiazide type

Table 10. Adverse Events in Patients after Three, Six and Nine Months of Therapy in Relation to Treatment Groups

Therapy duration (months) Adverse event Group +0.625 (N; %) Group 4+1.25 (N; %)

Cough 4(0.9)

3(0.4)

Nausea 5(1.2)

Headache -

Three Diarrhea -

Dizziness -

Tinnitus -

BP” oscillation -

Cough 3(0.9)

Tachycardia 1(0.3)

Hypotension =

Six ——
Constipation -

Dizziness -

Tinnitus -

Cough 1(0.3)

Nine
Hypotension =

“Blood pressure.
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diuretics and calcium-channel blockers. These
drugs have been shown to reduce cardiovascular
disease events and mortality. In the ADVANCE
(Action in Diabetes and Vascular Disease: Preterax
and Diamicron Modified Release Controlled
Evaluation) study, fixed combination perindopril
and indapamide, as the thiazide type diuretic,
significantly reduced all-cause mortality by 14%,
cardiovascular disease mortality by 18% and com-
bined macrovascular and microvascular events
by 9% and reduced separate macrovascular out-
comes by 8% and microvascular outcomes by 9%,
although not significantly (10). In patients with
diabetes, a combination of a RAS-blocker and a
thiazide-type diuretic might be the most reason-
able initial antihypertensive regimen (10).

As shown in clinical studies, gender, as an-
other negative predictor of target blood pres-
sure has an influence on the dose-ranging of
perindopril+indapamide combination in hyper-
tension with its effects on systolic and pulse pres-
sure. In hypertensive subjects, the low dose combi-
nation perindopril+indapamide (2+0,625) mg and
(4+1,25) mg was the most effective in reducing
blood pressure and avoiding hypokalemia com-
pared to other combinations of perindopril and
indapamide doses, and this result was more pro-
nounced in women (11).

When considering age, resistant hyperten-
sion is more prevalent in elderly patients. In the
Hypertension in the Very Elderly Trial (HYVET),
patients in the “late elderly” group (> 80 years of
age with elevated SBP) were randomized to receive
indapamide, with the addition of perindopril if
needed, or a placebo. In this study, the patients in
the indapamide group had a 30% risk reduction
for fatal and non-fatal stroke (12).

The results of our study are consistent with pre-
vious studies, and the therapy is in accordance with
the European guidelines (ESC/ESH 2018) for the
treatment of moderate to severe hypertension, that
highly recommend initiation of treatment with a
single pill combination containing two drugs (13).
These single pill combinations have been found to
be effective and to control blood pressure faster,
especially when monotherapy is inadequate to

achieve the target range of blood pressure (10, 11).
The efficacy and safety of perindopril (an ACE
inhibitor)+indapamide (a chlorosulphamoyl di-
uretic) has been proven through many studies. In
daily medical practice, a combination of ACE in-
hibitors and a diuretic is the drug of choice for ini-
tial therapy or maintenance therapy. The combina-
tion of perindopril and indapamide has synergistic
activity, resulting in lower required doses com-
pared to monotherapies (10-12). Analysis of data
from nearly 30,000 patients showed that 2/3 of pa-
tients (mostly on monotherapy: ACE-inhibitors,
calcium channel antagonists and diuretics) do not
have controlled blood pressure. In the PRETEND
study (N=3,198 patients) 2/3 patients received
concomitant therapy (lipid-lowering therapy,
antithrombotic and antidiabetic therapy) and
perindopril+indapamide was included as the first
drug of choice in the treatment of blood pressure,
or used as a replacement drug for prior antihyper-
tensive therapy. Therapy with a fixed combination
of perindopril+indapamide reduced blood pres-
sure with a significantly improved control rate
from 1.1 to 38.7%. The systolic blood pressure con-
trol rate improved from 3.1% to 44.15% and dia-
stolic blood pressure control rate improved from
20.5% to 77.5%. The study confirmed the benefi-
cial action of 2 mg perindopril+0.625 mg indap-
amide in daily clinical practice, where this combi-
nation effectively reduced blood pressure rates and
pulse pressure in various patients (14). This fixed
combination is more effective than monotherapy
with 10 mg enalapril in the treatment of hyperten-
sion and subclinical organ damage, as well as car-
diovascular events. The PICXL study showed that
perindopril+indapamide, besides reducing hyper-
tension, has positive effects on hypertrophy of the
left ventricular and large blood vessels. Further,
perindopril + indapamide reduces systolic and
diastolic blood pressure, and reduces the albumin
excretion rate (AER) in patients with type 2 diabe-
tes (T2DM) (11, 15).

A multicenter, prospective, observational study
showed that the fixed combination of 4 mg perin-
dopril + 1.25 mg indapamide was effective in more
than 90% of uncontrolled or newly diagnosed




patients with moderate to severe arterial hyperten-
sion, including patients with diabetes. During 90
days of therapy, systolic and diastolic blood pres-
sures were significantly reduced and blood pres-
sure was less than 140/90 mmHg (13).

In a study including 11,140 patients with
T2DM (=55 years), with isolated systolic hyper-
tension, perindopril + indapamide combinations
(2 mg+0.625 mg and 4 mg+1.25 mg) per day re-
duced mortality and major macrovascular and mi-
crovascular events, renal complications, and over-
all coronary diseases (16). In patients with T2DM,
it is especially important to reduce cardiovascular
and kidney diseases. Extensive data from clinical
trials show that perindopril+indapamide therapy
reduces mortality and vascular events in patients
with T2DM (13, 17, 18). In obese patients, or those
with metabolic syndrome, current recommenda-
tions for the treatment of hypertension (ESC/ESH,
ACC/AHA, ISH) are not specified, but a single pill
combination containing two drugs is preferred (3).

In our study, the treatment was well tolerated.
The most common adverse reactions were cough
and nausea, and all reactions were reduced by the
end of the study (ninth month of therapy). Levels
of sodium, potassium, creatinine, and urea were
within the reference intervals, and there was no sig-
nificant difference between the examined groups.
The perindopril+indapamide single pill combination
shows a higher antihypertensive effect with a smaller
number of side effects compared to antihypertensive
monotherapy. Co-administration of the two agents
reduces the incidence of hypokalemia seen with in-
dapamide alone (13, 14, 19). Other studies have also
shown that adverse events with the fixed combination
perindopril+indapamide (from 2 mg+0.625 mg to 8
mg+2.5 mg) are mild, and that this combination has
a favorable safety profile in patients with mild, or
moderate to severe hypertension (13, 20). Adverse
events, such as a dry cough, headache, high fever,
gastroesophageal reflux diseases, giddiness and par-
onychia, are often not associated with the therapy
(13). Perindopril+indapamide therapy does not sig-
nificantly change lipid parameters and serum elec-
trolytes. Furthermore, there were no significant dif-
ferences in the changes in carbohydrate metabolism
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parameters. Many studies have demonstrated
the metabolic neutrality of this combination, and
showed that it does not induce changes in potassi-
um, creatinine, lipid and glucose profiles (11, 14,17).

To our knowledge this is the first study to
evaluate the use of another antihypertensive drug
during perindopril+indapamide therapy. It was
found that beta blockers are the most common
antihypertensive therapy used along with the in-
vestigated fixed dose combination. The use of this
concomitant therapy decreased during the study.
The results suggest that patients receiving perin-
dopril + indapamide reached the blood pressure
target and the need for additional antihypertensive
drugs decreased.

Limitations of the Study

The study was not placebo or comparator con-
trolled, and the duration of the follow-up was nine
months.

Conclusion

The fixed combination of perindopril and inda-
pamide was effective and safe in the treatment
of unregulated essential hypertension. There was
a significant drop in systolic and diastolic blood
pressure in both groups, while adverse events
were mild and their number decreased over time.
Newly diagnosed patients had a better therapy re-
sponse. Age, gender and the existence of diabetes
mellitus were identified as negative predictors of
target blood pressure achievement.

What Is Already Known on This Topic:

The perindopril and indapamide single pill combination is effective
therapy for essential hypertension, and known for fast achievement of
target blood pressure values. It is recommended especially when mono-
therapy is inadequate for achieving the target range of blood pressure.

What This Study Adds:

This is the first prospective study conducted on the fixed combination
of perindopril and indapamide in Bosnia and Herzegovina especially
focusing on the treatment of unregulated essential hypertension. The re-
sults of this study indicate the risk for poor blood pressure control in pa-
tients with hypertension and diabetes mellitus. Thus, it is of significant
importance for health workers in our country to raise awareness about
existing diabetes mellitus as a frequent comorbidity with hypertension.
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Abstract

Objective. To describe the anatomy of the lacrimal sac in relation to the lateral nasal wall by cadaver dissection, and to mea-
sure the distances of surgically important landmarks from relevant structures for safer and more efficient surgery. Method. A
total of 12 endoscopic dacryocystorhinostomy (DCR) were performed on both sides (right and left) of 6 fresh-frozen cadavers.
The distances of the lacrimal sac to the posterior edge of the uncinate process, the frontal process of the maxilla, the maxillary
ostium, the nasal vestibule, the middle turbinate attachment and the inferior turbinate were measured. In addition, the width
and length of the lacrimal sac were measured. Results. The mean width and length of the lacrimal sac were 5.6 mm and 11.1
mm, respectively. The lacrimal sac was located at 15.2 mm from the posterior edge of the uncinate process, at 35.5 mm from the
nasal vestibule, at 13.5 mm from the maxillary ostium, at 12.2 mm from the frontal process of the maxilla, at 8.7 mm from the
middle turbinate attachment, and at 7.3 mm from the inferior turbinate. Conclusion. This study provides additional measure-
ments regarding the lacrimal sac and its relationships with nearby landmarks for use in endoscopic dacryocystorhinostomy. The
distances of the lacrimal sac to the nasal vestibule, the uncinate process and the frontal process of the maxilla are not as reliable
as the middle turbinate attachment for predicting the anatomic localization of the lacrimal sac during DCR.

Key Words: Dacryocystorhinostomy ®* Endoscopic Endonasal Approach ® Lacrimal Pump System ® Nasolacrimal duct.

emphasized that the most important point to be
considered for the success of endoscopic surgery is

Introduction

Although dacryocystorhinostomy (DCR) has been
performed via an external approach in the past, it
has been replaced by an endoscopic endonasal ap-
proach, with the introduction of endoscopy. One
reason for this is that it prevents the cosmetic de-
formities caused by external methods. Other rea-
sons are that endoscopy allows clinicians to ob-

the DCR incision site. Many landmarks, especially
the middle turbinate and maxillary line, have been
identified for mucosal incision and osteotomy
(2, 3). Although many landmarks have been de-
scribed for endoscopic DCR, there is not enough
information about the relationship of these land-

serve the inside of the body by providing a clear
and wide viewing angle in the endonasal region,
and success is achieved without damaging the lac-
rimal pump system by predicting the localization
of the nasolacrimal duct using landmarks. The
endoscopic DCR technique was described in 1989
(1). Many studies have been conducted on endo-
scopic DCR until today. Most of these studies have

marKks to the lacrimal sac.

This study aimed to make endoscopic DCR
surgery more reliable and successful by revealing
the relationships of these landmarks with the lac-
rimal sac using measurement data. Unlike other
studies, we demonstrate the relationship of the lac-
rimal sac with many landmarks in the same study,
and evaluate the most reliable one.

Copyright © 2022 by the Academy of Sciences and Arts of Bosnia and Herzegovina.
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Materials and Methods

A total of 12 endoscopic DCR procedures were
performed on both sides (right and left) of 6 fresh-
frozen cadavers. A 0-degree rigid endoscope (0°,
Storz Hopkins, Germany) was used during this pro-
cedure. A superior-based mucosal flap was removed
approximately 5 mm above and 10 mm in front of
the middle turbinate attachment (Figure 1).

Before lifting the flap, information about the lo-
calization of the lacrimal sac was obtained through
the nasal cavity by placing a light source parallel to
the lacrimal punctum (Figure 2). After the mucosal
flap was removed (Figure 3), a bone window was

Figure 1. A superior based mucosal flap was prepared with a
lancet. The line shows the anterior incision site. S=Septum;
M=Middle turbinate.

Figure 2. The lacrimal sac was located by placing a light
source parallel to the lacrimal punctum. S=Septum;
MT=Middle turbinate; Star=Lacrimal sac.

opened with the help of a chisel and hammer to
reveal the entire lacrimal sac. The distances were
measured of the anterior border of the lacrimal
sac’s mid-height, to the posterior edge of the un-
cinate processs mid-height, posterior edge of the
frontal process of the maxilla’s mid-height, anterior
edge of the maxillary ostium, and nasal vestibule.
The distances were measured between the midline
of the lacrimal sac and the middle turbinate attach-

ment, and between the lower border of the lacri-
mal sac’s mid-width and the most medial point of
the inferior turbinate (Figure 4). We evaluated the

Figure 3. After the mucosal flap was removed.
Arrow=Mucosal flap; MT=Middle turbinate; LS=Lacrimal sac.

Figure 4. Diagram of the measurements. Distances from
the anterior border of the lacrimal sac’s mid-height, to (a)
posterior edge of the frontal process of the maxilla’s mid-
height, (b) nasal vestibule, (d) anterior edge of the maxil-
lary ostium, (e) the posterior edge of the uncinate process’s
mid-height and from the midline of the lacrimal sac to (f)
the middle turbinate attachment, and (c) between the
lower border of the lacrimal sac’s mid-width and the most
medial point of the inferior turbinate.




Figure 5. The measurement of the lacrimal sac width was
seen on the photograph. LS=Lacrimal sac; S=Septum;
M=Middle turbinate.

Figure 6. The specified ruler is seen on the photograph.

lower border of the lacrimal sac as upper limit of
the inferior turbinate. In addition, the width and
length of the lacrimal sac were measured (Figure
5). The distances were measured with a specified
ruler that precision was 1 mm (Figure 6).

Ethics Approval

This study was approved by the Ethics Committee
of Necmettin Erbakan University Meram Faculty
of Medicine (Decision No: 2016/687 and Decision
Date: 07/10/2016).
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Statistical Analysis

All data were evaluated using SPSS version 20 by
descriptive methods. Descriptive analyses were
based on range, mean +SD. The measurements of
the right and left sides were compared with paired
t-test. A p value of <0.05 was considered statisti-
cally significant.

Results

All the cadaveric heads were dissected. All the
measurement data are shown in Table 1 and Figure
7. The mean width of the lacrimal sac (LS) was
5.5+3.2 mm (range 4-12) for the right side, 5.8+3.1
mm (range 4-12) for the left side. The mean dis-
tance from the LS to the nasal vestibule was 34+1.7
mm (range 32-42) for the right side and 37+2.6
mm (range 34-42) for the left side. The mean dis-
tance from the LS to the frontal process of max-
illa was 13+4.8 mm (range 9-22) for the right side,
and 11.5+3.2 mm (range 7-16) for the left side. The
mean distance from the LS to the middle turbinate
attachment was 8.5+1.7 mm (range 6-11) for the
right side, and 9+2.2 mm (range 7-13) for the left
side. The mean distance from the LS to the unci-
nate process was 15.8+5.7 mm (range 12-27) for
the right side, and 14.6+4.9 mm (range 10-23) for
the left side. The mean distance from the LS to the
maxillary ostium was 15+3 mm (range 13-21) for
the right side, and 12.1+2.8 mm (range 7-15) for
the left side. The mean distance from the LS to the
inferior turbinate was 7.6+4.6 mm (range 12-27)
for the right side, and 7+3.1 mm (range 10-23) for
the left side. The mean values were calculated sep-
arately for the right and left sides. No significant
difference (P>0.05) was found in any variables be-
tween the right and left sides.
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Table 1. Measurements between the Lacrimal Sac and the Adjacent Landmarks

Cadaver Side NVLS FPMLS MTALS UPLS MOLS ITLS \I;\zdth :-esngth
R 33 10 10 12 15 13 5 10
! L 37 10 10 10 13 13 5 10
R 32 14 11 13 13 2 4 11
’ L 36 12 8 13 7 7 4 12
R 34 9 8 17 14 12 4 10
’ L 34 10 13 23 13 6 4 9
R 35 13 6 12 13 5 4 12
N L 36 14 7 13 14 6 4 12
R 33 10 8 14 14 10 4 8
> L 42 7 9 11 15 4 6 17
R 37 22 8 27 21 4 12 13
o L 37 16 7 18 1 6 12 10
T R 34+1.7 13+4.8 8.5+1.7 15.8+5.7 15+3 7.6+4.5 5.5+3.2 10.6+1.7
L 37+2.6 11.5+3.2 9+2.2 14.6+4.9 12.1+£2.8 7+3.1 5.843.1 11.6+£2.8

Measurements=Millimeter; Adjacent landmarks=Nasal vestibule, Frontal process of maxilla, Middle turbinate attachment, Uncinate process, Maxillary ostium,
Inferior turbinate. NVLS=Nasal vestibule-lacrimal sac; FPMLS=Frontal process of maxilla - lacrimal sac; MTALS=Middle turbinate attachment-lacrimal sac;
UPLS =Uncinate process - lacrimal sac; MOLS=Maxillary ostium - lacrimal sac; ITLS=Inferior turbinate - lacrimal sac; L=Left sides; R=Right sides; LS=Lacrimal

sac.
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Figure 7. The graphic of the data.

Discussion

We have shown in our study that the distances of
the lacrimal sac to the nasal vestibule, the uncinate
process and the frontal process of the maxilla are
not as reliable as the middle turbinate attachment

for predicting the anatomic localization of the lac-
rimal sac during DCR procedures.

In our study, the nasolacrimal duct was loca-
ted in front of the middle turbinate attachment in
all cases. Previous studies have indicated that the
nasolacrimal duct is always located in front of the




middle turbinate attachment if there is no midd-
le turbinate hypertrophy or nasal polyposis (1, 4).
In line with this information, we made a mucosal
incision approximately 5 mm above and 10 mm
in front of the middle turbinate attachment. The
mean distance of the midline of the nasolacrimal
duct to the middle turbinate attachment was me-
asured as 8.7 mm*2 mm. The incision should be
made at least 10 mm in front of the middle turbi-
nate attachment to be careful not to damage the
middle turbinate axilla during DCR procedures.

Metson et al. described the maxillary line as a
curvilinear eminence along the lateral nasal wall,
and it is also known to correspond to the maxilla-
lacrimal bone junction (5, 6). Our study showed
that the nasolacrimal duct was aligned with the
maxillary line. Orhan et al. demonstrated that the
maxillary line overlapped the lacrimal sac in 18/20
cadaveric specimens, and that the lacrimal sac was
located posterior to the maxillary line in the other
two specimens (7). Another study showed that the
nasolacrimal duct ostium overlapped the maxil-
lary line in 24 (67%) of 36 cases, was located pos-
terior to the maxillary line in 10 cases and anterior
to the maxillary line in 2 cases (8). In the light of
these data, if the lacrimal sac cannot be found at
the level of the maxillary line, the incision should
be widened posteriorly.

There are many studies that evaluate the topog-
raphy of the lacrimal sac according to the nasal
vestibule. A study involving 26 Iranian patients
demonstrated that the mean distance of the ante-
rior border of the lacrimal sac to the nasal vesti-
bule was 39 mm (9). Our study determined that
the mean distance of the anterior border of the
lacrimal sac to the nasal vestibule was 35.5 mm.
These differences between studies may depend
on gender, age and race (8). Therefore, there is a
great need for large-scale studies in our country.
Moreover, obtaining information on landmarks
would be a guide in all cases.

This study determined that the mean distances
of the anterior border of the lacrimal sac to the un-
cinate process and maxillary ostium were 15.2 mm
and 13.5 mm, respectively. Orhan et al. found that
the mean distances of the posterior border of the

Rukiye Ozcelik Erdem et al: The Localization of the Lacrimal Sac

lacrimal sac to the uncinate process and maxillary
ostium were 5 mm and 7.2 mm, respectively. We
believe that this difference may be due to the fact
that we measured the distance from the anterior
border of the lacrimal sac, while they measured the
distance from the posterior border of the lacrimal
sac. In our study, the standard deviation was 5.3
for the distance between the LS and the uncinate
process, and this was the highest value in all the
landmarks. In our opinion, this is due to anatomi-
cal variations of the uncinate process. An investi-
gation of paranasal sinus variations showed that
variations existed in the uncinate process, such as
pneumatization, medial deflection and lateral de-
flection (10). Anatomic variations in the uncinate
process existed with a reported incidence between
15.9% and 65% in this study. We concluded that
the uncinate process is not a reliable landmark
for DCR, as variations in the uncinate process are
common.

Identifying the lower border of the lacrimal sac
has been an important factor affecting the success
rate of endoscopic rhinostomy. Although most
studies have emphasized that the width of the rhi-
nostomy is an important factor for the success of
endoscopic DCR, some studies have indicated that
performing a rhinostomy from the lower border
of the lacrimal sac leads to failure (2, 11-14). Our
study determined that the mean distance of the
lacrimal sac to the inferior turbinate was 7.3 mm.
Similarly, Orhan et al. found that the mean dis-
tance of the lacrimal sac to the inferior turbinate
was 8.2 mm. According to these data, osteotomies
made 7-8 mm above the inferior turbinate would
probably be successful.

Conclusion

External dacryocystorhinostomies are not pre-
ferred for common canalicular obstructions due
to the widespread use and easy accessibility of en-
doscopy. As endoscopy maintains its popularity,
the need to understand the anatomy of the nasal
cavity in endoscopic surgery continues. Therefore,
studies are needed to understand nasal anatomy.
We obtained data in our study by applying DCR
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in accordance with endoscopic technique and be-
lieve that these data will guide surgeons during
endoscopic DCR. We showed in our study that the
distances of the lacrimal sac to the nasal vestibule,
the uncinate process and the frontal process of the
maxilla are not as reliable as the middle turbinate
attachment for predicting the anatomic localiza-
tion of the lacrimal sac during DCR procedures.

What Is Already Known on This Topic:

Many studies have been conducted to reveal the localization of lacrimal
structures. In many cadaver studies, information has been obtained on
the lacrimal sac and nasolacrimal duct, and some landmarks have been
identified for surgery. The nasal spine, nasal limen, inferior turbinate
attachment, maxillary ostium, maxillary line, uncinate process, and
middle turbinate attachment are landmarks identified by various stud-
ies (6, 7). The maxillary line and the middle turbinate attachment are
the most commonly used landmarks. Current literature describes the
lacrimal sac commonly anterior to the middle turbinate attachment,
but it may also be overlapped by it or posterior to the middle turbinate
attachment. Lacrimal sac usually overlaps with maxillary line or situ-
ated posterior to maxillary line.

What This Study Adds:

We evaluated all the nearby landmarks of the lacrimal sac such as nasal
vestibule, frontal process of the maxilla, uncinate process, the middle
turbinate attachment, maxillary ostium and inferior turbinate. Our
study showed that the distances of the lacrimal sac to the nasal vesti-
bule, the uncinate process and the frontal process of the maxilla are not
as reliable as middle turbinate attachment for predicting the anatomic
localization of the lacrimal sac during DCR procedures.

Acknowledgements: We want to thank TUBA Scientific Re-
search Funding for obtaining the cadavers.

Authors’ Contributions: Conception and design: MS and
SA; Acquisition, analysis and interpretation of data: ROE and
HA; Drafting the article: MS and ROE; Revising it critically
for important intellectual content: MAD and HA; Approved
final version of the manuscript: ROE and MS.

Availability of Data and Material: The data is available.

Conflict of Interest: The authors declare that they have no
conflict of interest.

References

1. McDonogh M, Meiring J. Endoscopic transnasal dac-
ryocystorhinostomy. J Laryngol Otol. 1989;103(6):585-7.
doi: 10.1017/50022215100109405.

10.

11.

12.

13.

14.

Wormald PJ, Kew ], Van Hasselt A. Intranasal anatomy
of the nasolacrimal sac in endoscopic dacryocystorhi-
nostomy. OTO Open. 2000;123(3):307-10. doi: 10.1067/
mhn.2000.105416.

Knisely A, Harvey R, Sacks R. Long-term outcomes in
endoscopic dacryocystorhinostomy. Curr Opin Otolar-
yngol Head Neck Surg. 2015;23(1):53-8. doi: 10.1097/
MOO.0000000000000121.

Metson R. Endoscopic surgery for lacrimal ob-
struction. OTO  Open. 1991;104(4):473-9.  doi:
10.1177/019459989110400408.

Metson R. Endoscopic dacryocystorhinostomy—An
update on techniques. Oper Tech Otolayngol Head
Neck Surg. 1995;6(3):217-20. doi: 10.1016/51043-
1810(06)80016-3.

Metson R, Woog JJ, Puliafito CA. Endoscopic laser dac-
ryocystorhinostomy. Laryngoscope. 1994;104(3):269-74.
doi: 10.1288/00005537-199403000-00005.

Orhan M, Saylam CY, Midilli R. Intranasal localization
of the lacrimal sac. Arch Otolaryngol Head Neck Surg.
2009;135(8):764-70. doi: 10.1001/archoto.2009.94.

Kim YH, Park MG, Kim GC, Park BS, Kwak HH. Topog-
raphy of the nasolacrimal duct on the lateral nasal wall
in Koreans. Surg Radiol Anat. 2012;34(3):249-55. doi:
10.1007/500276-011-0858-y.

Hashemi SM, Berjis N, Eshaghian A, Nejadnic M, Samani
AF. Applied endoscopic anatomical evaluation of the lac-
rimal sac. Iran ] Otorhinolaryngol. 2015;27(80):213-7.

Fadda G, Rosso S, Aversa S, Petrelli A, Ondolo C, Succo
G. Multiparametric statistical correlations between para-
nasal sinus anatomic variations and chronic rhinosinus-
itis. Acta Otorhinolaryngol Ital. 2012;32(4):244-51.

Welham R, Wulc AE. Management of unsuccessful lac-
rimal surgery. Br ] Ophthalmol. 1987;71(2):152-7. doi:
10.1136/bjo.71.2.152.

Rose GE. The lacrimal paradox: toward a greater un-
derstanding of success in lacrimal surgery. Ophthalmic
Plast Reconstr Surg. 2004;20(4):262-5. doi: 10.1097/01.
IOP.0000131731.32241.8D.

Ragab SM, Elsherif HS, Shehata EM, Younes A, Gamea
AM. Mitomycin C-enhanced revision endoscopic dac-
ryocystorhinostomy: a prospective randomized con-
trolled trial. OTO Open. 2012;147(5):937-42. doi:
10.1177/0194599812450280.

Pagella E Pusateri A, Matti E, Carena P, Quiroa L, An-
toniazzi E, et al. An easy method for intraoperative con-
firmation of lacrimal sac patency in endoscopic dacryo-
cystorhinostomy. Eur ] Ophthalmol. 2017;27(3):379-381.
doi:10.5301/€j0.5000917.




Clinical Medicine

Original Article
Acta Medica Academica 2022;51(3):181-188
DOI: 10.5644/ama2006-124.387

Validation and the Reliability of the ACIC Questionnaire in the Primary Health
Care Setting: a Study from Bosnia and Herzegovina

Natasa Pilipovic-Broceta', Nadja Vasiljevic?, Nevena Todorovic', Maja Racic?

'Department of Family Medicine, Faculty of Medicine, University of Banja Luka, Banja Luka, Bosnia and Herzegovina, ? Institute
of Hygiene and Medical Ecology Belgrade, Faculty of Medicine, University of Belgrade, Belgrade, Serbia, *Comprehensive
Cancer Center, the Ohio State University, Columbus, United States

Correspondence: natasa.pilipovic.broceta@gmail.com; Tel.: + 387 65 603434

Place or institution where the work was developed, city and country: Primary Healthcare Center, Prijedor and Bijeljina, the
Republika Srpska, Bosnia and Herzegovina

Received: 9 October 2022; Accepted: 16 December 2022

Abstract

Objective. The aim of this study was to carry out the cultural adaptation and validation of the Assessment of Chronic Illness
Care questionnaire (ACIC) in the Republika Srpska, Bosnia and Herzegovina. Methods. A validation study was conducted in
two randomly selected primary health care centers in the Republika Srpska, Bosnia and Herzegovina, during March and April
2016. The study participants were all physicians working in family medicine departments during the study. Translation of the
ACIC questionnaire version 3.5 was performed following the guidelines of the World Health Organization. The validity and
reliability of the questionnaire were tested with face validity, construct validity, and internal consistency. Results. The ques-
tionnaire was distributed to 66 family physicians. Missing values were negligible, therefore the criteria for factor analysis were
met. Exploratory factor analysis confirmed that the questionnaire measured one factor. The Cronbach alpha coefficient (0.970)
showed the excellent level of internal consistency of the questionnaire. The intraclass correlation coefficient (0.802) confirmed
the good reliability of the questionnaire. Conclusion. The ACIC questionnaire can be used to assess the quality of chronic care
in family medicine practice in Bosnia and Herzegovina. Further research is needed to explore how changes in healthcare care
delivery impact changes in the Chronic Care Model domain.

Key Words: Primary Healthcare ® Delivery of Healthcare ® Non-Communicable Chronic Diseases.

Introduction of thelast 20 years (3-5). Globally, as the gatekeepers,

) ) ] family physicians have been given a crucial role in
Chronic, non-communicable diseases have been

recognized as a significant burden within the
European Region, and are one of the four priority
areas of the 2020 Health Action Plan (1). In Bosnia
and Herzegovina (BH), ischemic heart disease and

the treatment and control of most common chronic
conditions, such as hypertension, diabetes, chronic
obstructive pulmonary disease, and osteoarthritis
(6, 7). The FM teams in the Republika Srpska (RS)

cerebrovascular diseases are the highest-ranking
causes of premature death (2). In order to resolve
the problem of epidemics of non-communicable
diseases, and tackle outcomes in terms of chronic
illness, the Government of Bosnia and Herzegovina
has conducted a primary health care reform based
on the family medicine (FM) model, over the period

are obliged to record cardiovascular risk factors, as
well as to have registries of patients with hyperten-
sion, diabetes, and chronic obstructive pulmonary
disease. This is in accordance with the Accreditation
Guide for Family Medicine, launched by the RS
Agency for Certification, Accreditation and Health
Care Improvement.

Copyright © 2022 by the Academy of Sciences and Arts of Bosnia and Herzegovina.
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This Agency conducts the certification and ac-
creditation process of health institutions, moni-
toring and improving healthcare quality (8, 9).
Increased quality of care, better clinical outcomes,
patient empowerment, improved multidisciplinary
collaboration, and better evaluation of chronic
care quality have been assigned as the goals of the
Chronic Care Model. The model encompasses six
elements: health care organization, delivery system
design, clinical information systems, decision-
support, self-management support, and commu-
nity resources (10-12). Evaluation of the Chronic
Care Model implementation includes the attitudes
and perceptions of patients (Patient Assessment of
Chronic Illness Care — PACIC) as well as of health
professionals (Assessment of Chronic Illness Care
- ACIC). Validation of the Patient Assessment of
Chronic Illness Care questionnaire was conducted
previously in the same geographic regions (13). The
ACIC survey measures to what extent the model is
implemented in a specific healthcare system (14-
18). Worldwide, previous studies have explored
the impact of the Chronic Care Model and health
system organization on the Assessment of Chronic
Illness Care (19-21), however, it was unknown
whether the psychometric properties of the ACIC
instrument could be applicable for assessment of
chronic care delivery in family practice in BH.

The aim of this study was to describe the cul-
tural adaptation and validation of the Assessment
of Chronic Illness Care questionnaire in the
Republika Srpska, Bosnia and Herzegovina.

Methods
Study Participants

The cross-sectional study was carried out in two
randomly selected primary health care centers, in
two cities in the RS, BH (Bijeljina and Prijedor).
Primary health care reform in BH introduced
the concept of family medicine teams, consisting
of a family physician and two nurses. The nurs-
ing profession’s job description still varies greatly
between the health institutions, in terms of care
and treatment of chronic diseases, including

education on self-management and community
linkage. Therefore, we performed validation of the
ACIC questionnaire among the physicians work-
ing in family medicine departments, employed by
the aforementioned primary health care centers.
Eligibility criteria were: working in a family medi-
cine department and having a registered group of
patients. The minimum number of responses was
calculated to be 60, with a population size of 96,
with an error margin of 5%, and a confidence in-
terval of 95. The physicians were informed about
the research objectives, and were asked to sign an
informed consent form to participate in the study.
Participants were assured that confidentiality and
anonymity would not be breached by the release of
any personal information without permission. To
avoid coercion, the researchers approached each
prospective respondent individually. Physicians
who did not provide written informed consent
were excluded from the study, and a questionnaire
with incomplete answers was excluded from the
data analysis.

The study was conducted in accordance with
the World Medical Association Declaration of
Helsinki, as revised in 2008. Data collection took
place in the period from March to April 2016.

Instruments

The Assessment of ChronicIllness Care, version 3.5,
was the tool used in the study. The questions are di-
vided into three partsand the Integration of Chronic
Care Model Components, according to the six ele-
ments of the Model. The first part, Organization
of the Healthcare Delivery System, includes the
following components: Overall Organizational
Leadership in Chronic Illness Care, Organizational
Goals for Chronic Care, Improvement Strategy for
Chronic Illness Care, Incentives and Regulations
for Chronic Illness Care, Senior Leaders, and
Benefits. Community Linkages, the second part,
includes Linking Patients to Outside Resources,
Partnerships with Community Organizations,
and Regional Health Plans. The third part of the
questionnaire, entitled Practice Level, consists of
four parts: Self-Management Support, Decision
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Support, Delivery System Design, and Clinical
Information Systems.

The final part of the Assessment of Chronic
Illness Care questionnaire contains the Integration
of Chronic Care Model Components, combining
all the elements of the Model. It includes six key
components related to patient information on clini-
cal guidelines, information systems and registries,
community programs, organizational planning, fol-
low-up appointments with patient assessment and
goal planning, as well as chronic care guidelines.

The Assessment of Chronic Illness Care ques-
tionnaire is organized so that the highest “score”
(“11”) for any individual item, subscale, or the
overall score (the average of the seven subscale
scores) indicates optimal support for chronic ill-
ness. The lowest possible score on any given item
or subscale is “0” which corresponds to limited
support for chronic illness care. The interpretation
guidelines are as follows:

Between “0” and “2” = limited support for
chronic illness care

Between “3” and “5” = basic support for chron-
icillness care

Between “6” and “8” = reasonably good sup-
port for chronic illness care

Between “9” and “11” = fully developed chron-
ic illness care (18, 19).

Translation and Cultural Adaptation

At the beginning of the study, translation of the
ACIC questionnaire was performed following the
guidelines of the World Health Organization (22).
Two healthcare professionals, fluent in both lan-
guages, translated the questionnaire independent-
ly from English to Serbian. The translations were
reviewed for accuracy, and discrepancies between
the translations were resolved by a third bilingual
translator, not involved in the previous translation.
Backward translation was performed by a fourth
bilingual translator, unaware of the questionnaire’s
objective. The back-translated version was com-
pared with the original source to reach equiva-
lence. After subsequent revision, a consensus was
reached by the translators on all questions, and a

prefinal version of the ACIC was prepared for pre-
liminary pilot testing.

Five family physicians at each primary health
care center were asked to provide their opinion on
each questionnaire items meaning, and consider
its applicability for the local care context. No need
for any additional modifications of the translation
was identified, and the final translated version of
the ACIC was produced. The final version of the
ACIC was administered to 14 family physicians for
whom the questionnaire is intended.

Ethical Approval

The research protocol was approved for each sur-
vey by the Ethics Committee of the Primary Health
Centre in Prijedor on December 17, 2015 (refer-
ence number 01-1545-3/15) and in Bijeljina on
December 30, 2015 (reference number 6372/15).
All personal data were anonymized,

Statistical Analysis

The validity and reliability of the questionnaire
were tested with face validity, construct valid-
ity, and internal consistency. Face validity was
assessed with the mean, median, standard devia-
tion, Interquartile range, percentage of missing
values, the extent of ceiling and floor effects, and
normality measures, by the Kolmogorov-Smirnov
test. A percentage larger than 20% was associated
with floor/ceiling effects (23). Internal consis-
tency was expressed in terms of Cronbach alpha
for seven subscales, and the total Assessment of
Chronic Illness Care questionnaire and reliability
were expressed as the intra-class correlation coef-
ficient. The analysis of construct validity was based
on the hypothesis that higher scores would be
positively correlated with the implementation of
chronic disease clinical guidelines at primary care
level, assessed as the percentage of examinations
and the percentage of normal results. Spearman’s
rank-order correlation was used due to the non-
normal distribution of the variables. Factor anal-
ysis (factors with eigenvalue >1) was applied to
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examine the structure of our version of the ACIC
questionnaire.

Results

At the time of the study, 96 family physicians were
employed in both regions. Twenty-nine family
physicians were on vacation or sick-leave, and six-
ty-six family physicians consented to participate in
the study (response rate = 67.7%).

The Demographic Characteristics of the
Physicians

The majority of the family physicians were young-
er than 39 years of age, N=23 (35.3%) and had
worked in practice for less than 11 years, N=35
(53.8%). Mostly the physicians were certified (had
completed residency training in family medicine,
N=30, 46.9%) and were women, N=56 (84.8%).
The accreditation process (meeting regulations
and standards set by external accreditation bodies
for family medicine) had been implemented three
years before the study among 27 (41.5%) of the
physicians, and 17 (26.2%) of the physicians had
not been previously accredited (Table 1). Family
physicians have registries and patients’ lists for hy-
pertension, diabetes, and chronic obstructive pul-
monary disease (Table 1).

The Psychometric Characteristics of the
Questionnaire

One questionnaire was incomplete and excluded
from the study. Missing values were negligible
therefore the criteria for factor analysis were met.
During the analysis of the percentage of answers
with 0 and 11 points, it was confirmed that none
of the items had a floor effect, while many items
had a ceiling effect. All items in the parts en-
titled Organization of the Healthcare Delivery
System and Delivery System Design had a ceiling
effect, and one item related to the Continuity of
Care had this effect reaching over 50% (Table 2).
These results suggested non-normal distributions,

Table 1. Demographic Characteristics of Family Physicians
and Their Practices

Categorical variables N (%)
. Male 10(15.2)
Female 56 (84.8)
28-39 23(35.3)
Age (years) 40-51 20 (30.8)
52-65 22 (33.9)
1-12 35(53.8)
Working years 13-24 12(18.5)
25-38 18 (27.7)
Medical doctor* 12(18.8)
Education level Certified family physicians 30 (46.9)
Z(rj(fs;:;g:fl additional 25 (34.4)
Urban 36 (54.5)
Type of work place  Suburban 11(16.7)
Field 19 (28.8)
No accreditation 17 (26.2)
Accreditation status Accredited during 3 years 27 (41.5)
>,éecac:sedlted longer than 3 21(323)
Hypertension 56 (86.2)
(with indicators) EE:»::EE;[;S;:::S\S 46(70.8)
Hypertension 60 (93.8)
Using patients’lists .
for chronic diseases Diahetes R
(without indicators)  chronic obstructive 55 (87.3)

pulmonary disease

*Physicians without formal education in family medicine; Physicians with
other specializations and additional training in family medicine.

as confirmed by the Kolgomorov-Smirnov test.
Exploratory factor analysis confirmed one compo-
nent showing that the questionnaire had one di-
mension, measuring one factor.

The Cronbach alpha coefficient showed an ex-
cellent level of internal consistency of the ques-
tionnaire, with a value 0.970. Internal consistency
for each of the seven subscales was measured by
the Cronbach alpha, and values varied from 0.861
to 0.950. The intraclass correlation coefficient for
the questionnaire was 0.802 (Table 2).
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Table 2. Data Quality of the Assessment of Chronic lliness Care Questionnaire

Assessment Mean+SD Missing values (%) Floor (%) Ceiling (%) Cronbach alpha
Total ACIC" score 8.099 (2.145) - - - 0.970
Organization of the HDS' 8.97 (2.112) 0.944

Q1 8.57 (2.562) 1.5 - 31.8 -

Q2 9.05 (2.011) 1.5 - 27.3 -

Q3 8.97 (2.449) 1.5 - 37.9 -

Q4 8.22 (2.870) 1.5 - 30.3 -

Q5 9.45 (2.031) 1.5 - 48.5 -

Q6 9.57 (2.311) 1.5 - 515 -
Community linkages 7.45 (2.606) 0.937

Q7 7.26 (3.017) 1.5 - - -

Q8 7.48 (2.658) 1.5 - - -

Q9 7.62 (2.602) 1.5 - - -
Self-Management support 7.83 (2.755) 0.942

Q10 8.05 (3.074) 1.5 - 21.2 -

Q11 7.40 (3.156) 1.5 - - -

Q12 7.77 (3.306) 1.5 - 22.7 -

Q13 8.12 (2.308) 1.5 - - -
Decision support 7.82 (2.477) 0.861

Q14 9.03 (2.481) 1.5 - 37.9 -

Q15 6.37 (3.781) 1.5 - - -

Q16 8.45 (2.450) 1.5 - 27.3 -

Q17 7.45 (2.889) 1.5 - - -
Delivery system design 9.12(1.793) 0.941

Q18 9.03 (2.172) 1.5 - 37.9 -

Q19 9.32(1.953) 1.5 - 37.9 -

Q20 8.89 (2.306) 1.5 - 31.8 -

Q21 9.15(2.152) 1.5 - 39.4 -

Q22 9.51(1.592) 1.5 - 40.9 -

Q23 8.82(1.991) 1.5 - 273 -
Clinical information systems 8.13 (2.298) 0.934

Q24 8.37 (2.589) 1.5 - 303 -

Q25 7.92 (2.564) 1.5 - 22.7 -

Q26 7.52(2.784) 1.5 - - -

Q27 7.94 (2.855) 1.5 - 21.2 -

Q28 8.92(1.971) 1.5 - 303 -
Integration of components 7.35(2.540) 0.950

Q29 7.46 (2.599) 1.5 - - -

Q30 7.42(2.839) 1.5 - - -

Q31 6.20 (3.336) 1.5 - - -

Q32 6.89 (3.098) 1.5 - - -

Q33 8.42(2.277) 1.5 - 24.2 =

Q34 7.77 (2.760) 1.5 - 21.2 -

“Assessment of Chronic Iliness Care; *Healthcare Delivery System.
Total ACIC score: Intraclass correlation coefficient 95%: 0,802; Confidence Interval: 0.739-0.859
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Scores of the Questionnaire

The total score was 8.1, indicating good support for
chronicillness care. Organization of the Healthcare
Delivery System (8.97) and the Community
Linkage (7.45) scores indicated advanced sup-
port for chronic illness care. Self-Management
Support and Decision Support in the third part of
the questionnaire had almost the same score (7.83,
7.82) and Delivery System Design had the high-
est score (9.12). The Clinical Information Systems
score was 8.14. The lowest score was evidenced for
Integration of Components (7.36).

The total average score of male family physi-
cians was 8.5 (standard deviation, SD 1.5) and of
female family physicians 8.0 (SD 2.2). The differ-
ence is not statistically significant. Two item scores
of male physicians were significantly different,
Linking Patients to Outside Resources (P=0.005)
and Organizational Planning for Chronic Illness
Care (P=0.035).

There was no statistically significant regression
of the scores or the following predictors: age and
gender, education level, working years, accredita-
tion status, and type of working place.

Discussion

This study aimed to validate the original ACIC
questionnaire in the RS, BH, as an instrument to
evaluate the level of non-communicable chronic
disease care. The Cronbach alpha and intra-class
correlation coefficients showed high internal con-
sistency for the total instrument. The internal con-
sistency and reliability of the ACIC questionnaire
are in line with the validation study previously car-
ried out in BH, showing high internal consistency
and reliability of the PACIC questionnaire (13).
These findings are important due to the influence
on the information provided by this instrument
(24). Exploratory factor analysis found one latent
factor (one dimension) that could explain as much
of the variability of the initial multidimensional
instrument as possible in the context of primary
health care in BH. The Integration of Chronic Care
Model Component is a variable that reliably mea-
sures one (latent) factor.

Bonomi et al. (18) defined the ACIC question-
naire as a tool for identifying areas for improve-
ment of chronic illness care, as well as to evalu-
ate the level of improvement. Initial testing of this
questionnaire was done within 108 organizational
teams across the United States during quality im-
provement collaboration focused on chronic ill-
ness care. The results of the initial testing showed
the best average scores for Organization of the
Healthcare Delivery System and Community
Linkage, and the lowest scores for Clinical
Information System. The results of the final testing
showed improvements in Decision Support as well
as the Clinical Information System. Therefore, the
authors suggested the questionnaire as a “useful
quality improvement tool” (18). The good valid-
ity and reliability of the BH version of the ACIC
suggest its applicability to measure changes in the
primary care system of BH.

Family physicians in the current study stated
that chronic illness care was well supported, with
Delivery System Design scoring best, as previ-
ously found in a study by Cramm et al. (19),
and Community Linkage and Integration of
Components having the lowest average scores. Most
of our study respondents work in urban areas, and it
has been shown that physicians who work in urban
areas, as well as in individual practices, commonly
provide the lowest average scores for Community
Linkage. The low scores in this domain may be at-
tributed to the family physicians’ high work over-
load or time constraints, but also to the lack of pa-
tient motivation for community programs (25).

In contrast to our findings, physicians in the
Netherlands perceived good community linkage
(19). Bar et al. (26) suggested a need for tighter
connection between delivery system design and
the community, affecting citizen organizations,
non-profit groups, and the healthcare organiza-
tion (26). The Netherlands has a very well-devel-
oped primary care system, continuity of health
care services, and different innovative initiatives to
increase community engagement. Increasing ac-
cess to effective programming in the community,
through linkages with the relevant agencies was a
cost-effective way to improve quality of care (27).
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Davy et al. (28) launched a review of results
from 77 quantitative and qualitative studies as
the relevant international evidence on the effec-
tiveness of Chronic Care Model elements for im-
proving healthcare practices and health outcomes.
This review showed the wide range of variations
of the model elements and their implementation,
depending on the country. The most commonly
used elements in the chronic care model were self-
management support and delivery system design
(28). The scores in these domains may have been
better in other countries in comparison to Bosnia
and Herzegovina due to differences in primary
health care system organization. First, primary
care reform in Bosnia and Herzegovina is still not
complete, and healthcare delivery calls for im-
provement (29). Following the trend in Western
European countries, governmental institutions
could transfer tasks from the medical to the nurs-
ing profession by employing a higher number of
nurses with a bachelor’s degree, well-trained to
provide chronic patient care. Second, there is a
lack of community engagement programs within
the country, which commonly deepen relation-
ships between healthcare providers and the com-
munity. Stakeholders have an important role in
supporting community initiatives targeted to de-
rive sustainable decisions and social transforma-
tion. Third, patients have a central role in provid-
ing quality chronic disease care (30), but their path
toward self-management and responsibility is not
always smooth. Patient empowerment can only be
achieved through consistent medical feedback ex-
penditure on social services in long-term care.

This study has several limitations. The results of
the study cannot be generalized as the survey in-
cluded two primary health care centers at a single
point of time. Although a family medicine team
consists of one FM physician and two nurses, the
current study focused only on family physicians;
therefore, it is possible that including nurses in the
validation process would provide a consensus rat-
ing for each item. We did not estimate either the
test-retest reliability of the ACIC or responsiveness
to changes, and checking the time stability of the
questionnaire by re-administering it after a defined
period would reflect whether measurement errors

could be attributable to differences in participants’
responses over time.

Conclusions

The validated Assessment of Chronic Illness Care
questionnaire is available now in Bosnia and
Herzegovina. It could be applicable in the health
care system of the country in order to analyze the
current system, to identify areas for improvement,
and to evaluate all improvements.
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What Is Already Known on This Topic:
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Model implementation includes the attitudes and perceptions of pa-
tients as well as health professionals. Previous studies explored health
professionals’ attitudes using the Assessment of Chronic Illness Care in-
strument. However, it is unknown whether the psychometric properties
of this instrument could be applicable for the assessment of chronic care
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What This Study Adds:

The Assessment of Chronic Illness Care instrument, validated in Bosnia
and Herzegovina, is a useful tool to assess the quality of care for patients
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nurses and physicians.
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Abstract

Objective. The current study records the prevalence of the accessory foramen, located posterior to the transverse foramen
(TF), the so-called the retrotransverse foramen (RTF), its morphometry, exact location, and coexistence with ossified posterior
bridges. Additionally, factors associated with the length of the RTF are investigated. Materials. One-hundred and forty-one
dried atlas vertebrae were examined. Results. Thirty-seven out of the 141 vertebrae (26.2%) had at least one RTFE. The RTF was
unilateral in 67.6% and bilateral in 32.4%. The mean RTF anteroposterior diameter (length) was 4.2+1.4 mm on the right and
3.8+1.0 mm on the left side. The mean RTF laterolateral diameter (width) was 2.6+1.2 mm on the right and 2.5+0.8 mm on the
left side. Both dimensions were symmetrical. The RTF was symmetrically located from the TE at a mean distance of 4.6£1.1
mm on the right and of 4.5+0.9 mm on the left side. For the given TF-RTF distance, laterality, and presence of posterior bridges,
each mm increase in the RTF width was associated with a 0.74 mm increase in the relevant length. Conclusion. The estimated
prevalence was higher than most of those reported in other studies. However, the between-studies prevalence varies to a signifi-
cant degree. Hence, a systematic review and meta-analysis should be performed to identify a more precise estimate due to the
clinical importance of the RTE

Key Words: Retrotransverse Foramen ® Accessory Foramen ® Variation ® Atlas Vertebra ® Morphometry ® Regression Analysis.

have provided additional information on the RTF
perforating structures, or have described possible
clinical implications (headache, migraine, and loss
of consciousness relating to certain neck move-
ments) (11). However, knowledge of RTF variants
is not only limited to such manifestations, since an
accessory foramen may be of paramount surgical
importance in upper cervical spine surgery when
exposing the C1 posterior arch (12), and when in-

Introduction

The atlas, the topmost cervical spine vertebra (C1),
provides a stable support for the head, by means of
its ring-shaped form. The posterior arch has a ver-
tebral artery (VA) groove for transmission of the
homonymous artery and the dorsal ramus of the
first cervical spinal nerve. The transverse foramen
(TF) transmits the VA, the vertebral vein (VV),

and the sympathetic nerves (1). The presence of an
accessory foramen posterior to the TF, a so-called
retrotransverse foramen (RTF), or posterolateral
foramen or canaliculus venosus (2) is noticed as
a variant, with a reported prevalence that differs
widely between studies in different populations
(Table 1). Most of the published studies investigat-
ing the RTF have examined dried vertebrae, while
a few cadaveric (3-6) and imaging (6-10) studies

terpreting neck compression syndromes, due to
VA entrapment (13).

The present study provides information about
the prevalence of RTE its morphometric charac-
teristics, exact location, and coexisting ossified
variants (posterior bridges-PBs) in a dried C1 ver-
tebrae sample of Greek origin. On a secondary ba-
sis, an attempt to identify factors associated with
the RTF length was performed.

Copyright © 2022 by the Academy of Sciences and Arts of Bosnia and Herzegovina.
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Table 1. Identification of the Presence (Prevalence) and Laterality of the Retrotransverse Foramen (RTF) in Cervical
Vertebrae, Among the Published Studies

Authors Sz:arlication Continent ts;ggy Igrt:;l)le Frequency z;oe)valence
Le Double etal. 1912 Europe Dried bone 500 60 12.0
Barbosa Sueiro et al. 1933 Europe Dried bone 400 33 8.3
Sassu etal. 1965 Europe Dried bone 66 13 19.7
Sylla etal. 1976 Africa Dried bone 50 32 64.0
Veleanu. et al. 1977 Europe Dried bone 71 9 12.7
Taitz et al. 1978 Asia Dried bone 480 34 7.1
Gupta etal. 1979 Asia Dried bone 35 2 57
De Boeck etal. 1984 Europe Dried bone 55 7 12.7
De Boeck et al. 1984 Europe Imaging 14 1 7.1
De Sousa etal. 1989 Europe Dried bone 200 18 9.0
Le Minor 1997 Europe Dried bone 500 71 14.2
Wysocki et al. 2003 Europe Dried bone 100 1 1.0
Jaffar etal. 2004 Europe Dried bone 29 3 10.3
Bilodi and Gupta 2005 Asia Dried bone 34 3 8.8
Das et al. 2005 Asia Dried bone 132 2 1.5
Paraskevas et al. 2005 Europe Dried bone 115 17 14.8
Chinnappan and Manjunath 2008 Asia Dried bone 102 9 8.8
llie etal. 2008 Europe Dried bone 75 6 7.6
Karau et al. 2010 Africa Dried bone 102 16 15.7
Sharma et al. 2010 Asia Dried bone 200 16 8.0
Kaya et al. 2011 Asia Dried bone 262 59 225
Murlimanju et al. 2011 Asia Dried bone 363 6 1.7
Aggarwal et al. 2012 Asia Dried bone 176 11 6.3
Agrawal etal. 2012 Asia Dried bone 28 1 3.6
Chaudhari et al. 2013 Asia Dried bone 133 31 233
Gupta etal. 2013 Asia Dried bone 123 23 18.7
Karau et al. 2013 Africa Dried bone 102 4 3.9
Laxmi et al. 2013 Asia Dried bone 210 10 4.8
Rathnakar et al. 2013 Asia Dried bone 140 8 57
Katidireddi and Setty 2014 Asia Dried bone 100 3 3.0
Murugan et al. 2014 Asia Dried bone 150 19 12.7
Ramachandran et al. 2014 Asia Dried bone 120 19 15.8
Rekha etal. 2014 Asia Dried bone 153 10 6.5
Yadav et al. 2014 Asia Dried bone 120 8 6.7
Akhtar et al. 2015 Asia Dried bone 174 25 14.4
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Authors ;::rlication Continent f;:gy I::LIe Frequency ;;Svalence
Apurba et al. 2015 Asia Dried bone 150 33 22.0
Sultana etal. 2015 Asia Dried bone 100 1 1.0

Travan etal. 2015 Europe Dried bone 129 11 8.5
Quiles-Guinau et al. 2016 Europe Dried bone 86 2 2.3

Gul et al. 2017 Asia Dried bone 100 9 9.0
Sanchis etal. 2017 Europe Dried bone 206 15 7.3
Sanchis etal. 2017 Europe Imaging 110 4 3.6

Gupta et al. 2019 Asia Dried bone 161 42 26.1

Natsis et al. 2019 Europe Dried bone 244 116 47.5
Medeiros et al. 2021 America Dried bone 44 4 9.1

Xing etal. 2021 Asia Imaging 427 50 11.7
Ranjan etal. 2022 Asia Dried bone 170 24 14.1
Unweighted average 11.9
Present study 2022 Europe Dried bone 141 37 26.2

Materials and Methods (blind - grooves) were considered as absent. All

One hundred and forty-one dried C1 vertebrae
obtained from the ossuaries of the Anatomy and
Surgical Anatomy Department of the Aristotle
University of Thessaloniki (AUTh) (100 vertebrae)
and from a local Greek cemetery located in the city
of Serres (41 vertebrae) were used. All these speci-
mens were of unknown sex and age, and free of
fractures or deformities.

Measurements

Prior to measurement, each RTF patency was
evaluated using an orthodontic wire of 0.2 mm
thickness. Foramina that were not perforated fully

the remaining subjects were visually inspected bi-
laterally for RTF presence, and the total, bilateral
and unilateral frequencies were recorded. On the
basis of these frequencies, the prevalence and lat-
erality (bilaterally or unilaterally present foramina
in each vertebra) were estimated. Additionally, the
coexistence of completely ossified PBs was calcu-
lated (Figure 1).

The morphometric characteristics of the an-
teroposterior diameter (APD) or length and the
laterolateral diameter (LLD) or width, as well as
the RTF-TF minimum distance (Figure 2) were in-
dependently measured by two assessors, using the
digital sliding caliper (Mitutoyo ABSOLUTE 500-
196-20), accurate to 0.01 mm.
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(TF) is depicted by an asterisk (*) in frame A.

Figure 2. Schematic demonstration of the calculated diameters of the ret-
rotransverse foramen (RTF) (anteroposterior and laterolateral diameters- dou-
ble arrows) and the minimum distance between the transverse foramen (TF)
and the RTF (red double arrow).

Ethics Statement

The vertebrae from the osseous collection of the
Anatomy and Surgical Anatomy Department
of AUTh belonged to body donors that offered
their bodies before death, by signing an informed
consent (body donation program). In relation to
the rest of the sample (41 vertebrae), the Ethics
Committee of the AUTh gave full permission prior

Figure 1. Photograph collection demonstrating the main characteristics of the
retrotransverse foramina (RTF). A. unilateral RTF, B. bilateral RTF, C. an unclosed
RTF (considered as absent), D. a case of coexistence of a RTF with a complete
ossified posterior bridge (CPB). A case of an incomplete transverse foramen

to the beginning of the study. The
current research was conducted in
accordance with the principles of
the 1964 Declaration of Helsinki
and its later amendments.

Statistical Analysis

Statistical analysis was carried out
using STATA statistical software
(Release 14.0, Stata Corp., TX,
USA) for MacOS. The Shapiro-
Wilk test, the evaluation of skew-
ness and kurtosis values, as well
as the visual interpretation of the
produced histograms were used to
assess data normality. In the case of
a normally distributed quantitative
variable, mean and standard devia-
tion (SD) values were used, other-
wise the median and the interquar-
tile range (IQR) were recorded. All
qualitative variables were expressed
in absolute (N) and relative (%) fre-
quencies. For the continuous vari-
ables, the presence of interobserver
error (differences in measurements
between assessors) was estimated
by calculating the intraclass corre-
lation coeflicient (ICC), and inter-
preted using Koo and Li’s reported
guidelines (14). Paired sample
Student’s t-tests were performed to
assess whether the APD, LLD and
TRE-TF minimum distance varied
by laterality and by the presence
of PBs, respectively. Chi-Square
tests of independence or Fisher’s exact tests were
performed to evaluate the potential difference in
prevalence and laterality according to the coexis-
tence of a PB. Univariate and multivariate linear
regression analyses were performed to assess the
relationship between APD and all recorded vari-
ables. Unless otherwise stipulated, P<0.05 was
considered statistically significant.
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Results
Retrotransverse Foramen Prevalence

At least one RTF was identified in 37 vertebrae,
leading to an estimated prevalence of 26.2%. An
RTF was detected unilaterally in 25 vertebrae
(67.6%; 17 right, 68.0% and 8 left, 32.0%) and bi-
laterally in 12 (32.4%) (Table 2). Ossified PBs were
identified in 12 atlas vertebrae (32.4%). No signifi-
cant differences were detected between the side of
the location of RTF (laterality) and the presence of
PBs (P=0.711) or side of their location (P=0.998).

Table 2. Description of the Frequencies of Main
Characteristics and the Estimated Mean Values of the
Morphometric Characteristics Investigated

Qualitative variables Quantitative variables

Variable Frequency (%) Variable Mean (+ SD)
Prevalence 37 (26.2) APD"
Laterality Right side 4.2 (£1.4) mm
Bilateral 12 (32.4) Left side 3.8 (+1.0) mm
Unilateral 25 (67.6) Mean 4.1 (+1.3) mm
Right side 17 (68.0) LLD*
Left side 8(32.0) Right side 2.6 (£1.2) mm
Presence of posterior bridges Left side 2.5 (+0.8) mm
No 25 (67.6) Mean 2.6 (£1.1) mm
Yes 12 (32.4) RTF* - TF* distance
Right side 9(75.0) Right side 4.6 (£1.1) mm
Left side 3(25.0) Left side 4.5 (£0.9) mm
- Mean 4.6 (£1.0) mm

*Anteroposterior diameter; tLaterolateral diameter; #Retrotransverse foram-
ina; §Transverse foramina.

The mean values, standard deviations (SD), and
the differences between right and left side (includ-
ing the respected P-values) for each measurement
are provided in the text.

Retrotransverse Foramina Morphometry
and Minimum Distance from the Transverse
Foramina

ICC calculation supported the existence of the ex-
cellent reliability of the measurements between ob-
servers (ICC=0.921, P>0.05). The morphometric

details RTF (APD, LLD and RTF-TF minimum
distance) followed the normal distribution
(P>0.05). Symmetry was found in all morphomet-
ric parameters. Significant differences in the APD
and LLD were identified in relation to the presence
or absence of PBs (Table 3). The mean values of the
APD, LLD and RTF-TF minimum distance were
4.1+1.4 mm, 2.6+1.1 mm, and 4.6+1.0 mm (Table
2). None of these values varied by laterality, the
presence of PBs or their location (Table 3).

Table 3. Results of the Student’s T-tests for the Evaluation
of Differences in Measured Diameters and the
Retrotransverse Foramen - Transverse Foramen Distance,
Retrotransverse Foramen, Transverse Foramen

Test Mean1 Mean2 Diff. P value
Anteroposterior diameter
Sidewise (right - left) 3.98 3.65 0.33 0.304*
Laterolateral diameter
Sidewise (right - left) 2.22 2.41 -0.2 0.395*
RTF - TF* distance
Sidewise (right - left) 436 4.21 0.16  0.445*%
Two-sample Students’t tests
Anteroposterior diameter
By the laterality 3.82 4.24 -043  0.362*%
E’ég‘;izrre;:g;eeff 376 482  -107 0018
E’r'ig;:ide ofposterior 451 457 034  0.686*
Laterolateral diameter
By the laterality 232 2.83 -0.51  0.182*%
E)cl):‘eiiz:e;::i;i:f 239 323 084 0025
E‘r'ig;‘;side ofposterior 357 308 019 0837
RTF' - TF* distance
By the laterality 4.29 4.77 -049 0.168*
E‘(’):{‘:ﬂzrre;:g;‘:f 453 478 025 0485*
E’r’i;g:ide ofposterior o 506 036 0562

“Paired samples Students't-tests; 'Retrotransverse foramen; *Transverse fora-
men.
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Table 4. The Univariate and Multivariate Linear Regression Analyses for the Investigation of the Association between the

Recorded Variables and APD*

Univariate models

Multivariate model

Independent variables

Bf 95% CI* P-value B* 95% CI* P value

LLD® 0.77 0.44-1.09 <0.001 0.74 0.36-1.12 <0.001
RTFI-TF! distance 0.14 -0.31-0.58 0.542 -0.17 -0.56-0.21 0.363
Laterality

Bilateral** 0 0 =

Unilateral 0.43 -0.51-1.36 0.362 0.08 -0.69 - 0.86 0.829
Presence of posterior bridges

No** 0 0

Yes 1.07 0.19-1.94 0.191 0.49 -0.32-1.29 0.227

“APD; 'Beta coefficient; *95% Confidence Intervals; SLaterolateral dimension; IRetrotransverse foramen; "Transverse foramen; “Reference category.

Factors Associated with the Accessory Foramina
Anteroposterior Diameter

The APD was only found to be significantly asso-
ciated with the LLD, on the basis of the univariate
(B, 0.77, 95% CI, 0.44 - 1.09, P<0.001) and mul-
tivariate (B, 0.74, 95% CI, 0.36 — 1.12, P<0.001)
regression analyses (Table 4). On the basis of the
interpretation of the multiple linear regression
output, holding all the other parameters constant
(RTF-TF minimum distance, laterality, and PBs
presence), for each mm increase in the accessory
foramen LLD, a 0.74 mm increase in the relevant
ADP was noticed.

Discussion

The Accessory Foramina Prevalence in Dried
Bone Studies

The current study highlights a prevalence of RTF
of 26.2%. Significant heterogeneity exists among
studies conducted in different populations in re-
lation to estimation of RTF prevalence. Most of
them suggest that RTF are mostly found with an
unweighted prevalence of 11.9% (Table 1). Studies
of Africans (15-17) and Europeans (6-8, 18-28) re-
port higher values of maximum prevalence than
those of Asian (4, 5,9, 29-50) and American origin
(51). This discrepancy may be related to the exis-
tence of intra- and inter-population differences or
may be associated with the fact that in most of the

studies the crude (prevalence calculated from all
the available specimens) rather than the vertebra-
adjusted prevalence (specified for each of the cer-
vical vertebrae) is reported. Hence, systematic re-
views and meta-analyses should be performed in
an attempt to explain the source of heterogeneity,
and to obtain more accurate estimates.

The Retrotransverse Foramen Morphometric
Characteristics

The current study’s findings regarding RTF mor-
phometry can be considered similar to those
provided by Mederios et al. (51). However, the
diameters reported by Mederios et al. (51) were
calculated by evaluating all the available cervical
vertebrae. Hence, vertebrae-specific RTF measure-
ments must be conducted to estimate the RTF ex-
act dimensions accurately per vertebra.

Ossified Posterior Bridges, as Coexisted Variants

Ossified PBs were identified in 12 subjects (32.4%)
in the present study. A significantly higher preva-
lence (72.2%) was recorded by Paraskevas et al.
(24) and attributed to the redirection of the blood
into the retrotransverse vein, possibly due to VV
compression into the PB. The high difference
between the two studies highlights the existing
heterogeneity.
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The Retrotransverse Foramina Content

The current study lacks details of the RTF content,
as it was exclusively performed on dried C1 verte-
brae. A few cadaveric studies have reported data
related to the RTF content. These studies have been
considered as the gold standard for identification
of C1 variants (6). Veleanu et al. (6) and Bodon et
al. (3) identified an anastomotic vein perforating
the RTF and connecting the venous sinuses above
(suboccipital cavernous sinus) and below (VA and
vertebral venous plexus) the Cl1 posterior arch.
Therefore, the presence of RTF could be related to
modifications in the regional venous circulation
associated with the erect posture and bipedal lo-
comotion of humans (2). However, other studies
reported neural (17) or arterial (52) components
perforating the RTE. Additionally, the same issue
remains when assessing imaging studies dealing
with this topic. Particularly, even though some au-
thors have reported that the RTF content may be
the VA (9) and/or the VV (11, 47) Xing et al. (9)
supported that RTF is only perforated by venous
components, as they did not find any case of the
passage of the VA. Their conclusion contradicts
Kaya et al. (39) who related VA duplication with
the existence of a RTE

Clinical Implications

Knowledge of the surgical anatomy of the C1 ver-
tebra and surrounding structures is important for
neurosurgeons, orthopaedic surgeons, and radiol-
ogists. An unnoticed RTF may be a risk factor for
intraoperative bleeding from the venous plexus,
covering the CI1 lateral mass and obscuring the
surgical field (52). The VA may commonly be in-
jured (53) in posterior exposure of the upper cer-
vical spine, especially when using posterior instru-
mentation. Even minor lesions of the VA may re-
sult in severe hemorrhage, or even death. Madawi
et al. (54) highlighted a high prevalence (28.3%)
of VA injury during posterior upper cervical spine
trans-articular fixation for atlantoaxial instability,
in cases in which the RTF is used as a landmark,
and the entry point for the lateral mass screw will

be just medial to the RTE. Thus, preoperative im-
aging will help determination of the safe trajectory
for screw placements in posterior procedures (55)
and has become an essential examination before
posterior approach surgeries.

Limitations of the Study

The sample size is small and more studies on a larg-
er population should be conducted. Additionally,
the lack of computed tomography (CT) measure-
ments and information regarding the specimens’
sex, age and ethnicity, as well as the inability to
identify the structures perforating the RTF, should
be taken into consideration when interpreting this
study’s results.

Study Strengths

The calculation of measurements by two assessors
and the intraobserver error estimation improved
the accuracy and precision of the study findings.
This study utilized linear regression analysis to as-
sociate the recorded variables with the accessory
foramina APD (length).

Conclusions

RTF prevalence is estimated at 26.2%. RTF mor-
phometry (diameters) and location (minimum
distance from the TF) showed side symmetry. The
RTF anteroposterior diameter is significantly asso-
ciated with the laterolateral measurement.

What Is Already Known on This Topic:

C1 has the highest variability among the cervical vertebrae. Among C1
variants, the frequency of RTF presence has been studied in different
populations. The frequencies of RTF presence vary between 2.3% and
47.5%. The RTF has been associated with a high incidence of CI poste-
rior bridging (72.2%). A few cadaveric studies focus on the RTF content
and are considered the gold standard for assessing the presence of C1
variants. A recent study asserted the exclusive passage of veins through
the RTE as they did not find any case of VA passage. An unnoticed
RTF may be a risk factor for intraoperative bleeding from the venous
plexus, covering the CI lateral mass and obscuring the surgical field.
Preoperative imaging is an essential examination before posterior ap-
proach surgeries.
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What This Study Adds:

The study provides additional information on the prevalence and mor-
phometry of RTFE. Additionally, information is provided on the location
of RTE as well as an analysis of the factors associated with its length
(anteroposterior diameter). Characteristic depictions, meticulous tables
and a detailed report of the available data focusing on the RTF clinical
importance are provided.
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Abstract

Objective. To identify the type of the non-invasive ventilatory treatment for patients diagnosed with chronic obstructive pul-
monary disease (COPD), with respiratory status deteriorated by COVID-19 pneumonia, and in need of treatment in the Inten-
sive Care Unit (ICU). Materials and Methods. This cross-sectional study was conducted over a one-year period in the medical
intensive care units of two hospitals. As the patients’ clinical condition deteriorated and the parameters of the arterial blood gas
(ABG) analysis worsened, oxygen support was applied via a high flow nasal cannula (HFNC) or by non-invasive positive pres-
sure ventilation (NPPV). According to the control values of the arterial oxygen saturation (SaO,) and the parameters of ABG,
the patients were enabled to be transferred between the two types of non-invasive ventilatory support. The primary outcome was
the length of hospital stay, while secondary outcomes were the rate of intubation, the mortality rate, and respiratory support-
free days. Results. Out of 21 critical patients with COPD and COVID-19, 11 (52.4%) were initially treated with NPPV and 10
(47.6%) with HFNC. The ages (67+9.79 in NPPV group vs. 70.10+10.25 in HFNC group) and severity of illness (SOFA score
5 (3.5) in NPPV group vs. 5 (2.8) in HFNC group) were similar between the two groups. Switching the mode of respiratory
support was more common in NPPV (58.3% in survivor group vs. 41.7% in non-survivor group). Patients treated with NPPV
compared to HFNC had a nominally longer length of stay (15 (11) vs. 11.5 (4.25)), and higher risk of intubation (66.7% vs.
33.3%) and mortality (66.7% vs. 33.3%), but the comparisons did not reach statistical significance. Survivors had significantly
longer Medical Intensive Care Unit and hospital stays, but significantly lower FiO, (0.60 vs.1) and higher values of PaO,/FiO,
(78(32.4) vs. 56.3(17.8)) than non-survivors. All patients were treated with corticosteroids, and the duration of treatment was
similar between groups. Conclusion. In critically ill patients with COPD and COVID-19, both HFNC and NPPV were com-
monly used as the initial mode of ventilation. Switching to a different mode and adverse patient outcomes were more frequent
in patients initially treated with NPPV. Survivors had higher values of PaO,/FiO, than non-survivors.

Key Words: COPD = HFNC = NPPV = COVID-19 Pneumonia.
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Introduction

The SARS CoV2 virus usually infects the respira-
tory system, causing severe pneumonia. Patients
with acute respiratory failure (ARF) require in-
tensive care treatment, with a subsequent need for
ventilators (1-3). High-flow nasal cannula oxygen
therapy (HFNC) and non-invasive positive pres-
sure ventilation (NPPV) are widely used in patients
experiencing ARF as alternatives to standard oxy-
gen therapy, to avoid invasive mechanical ventila-
tion (IMV) (4). In addition, awake prone position-
ing in spontaneously breathing patients is a thera-
peutic intervention for COVID-19 respiratory fail-
ure, and is expected to reduce the treatment failure
when combined with HFNC or NPPV (5).

The infection with SARS CoV2 appears to be
more severe in patients with chronic obstructive
pulmonary disease (COPD), and in smokers, due
to tobacco exposure that leads to an alteration in
the regulation of an angiotensin-converting en-
zyme 2 (ACE-2) and its overexpression. The lev-
els of ACE-2 are inversely related to the forced
expiratory volume in the first second (FEV1) (6).
Preexisting COPD often leads to severe deteriora-
tion of symptoms, and a 4-5.9-fold greater risk of
developing a severe form of COVID-19, compared
to patients without it (7, 8).

Patients who develop a moderate or severe
form of COVID-19 requiring hospitalization
should be treated with the current pharmacothera-
peutic agents, including treatment with corticoste-
roids (9). HENC should be preferred over NPPV
in acute hypoxemic respiratory failure, noted in
severe COPD cases, despite conventional, low-
flow oxygen therapy, due to the lower failure rate
(10, 11). NPPV can potentially worsen lung injury
due to the high transpulmonary pressure and tid-
al volume (12). The patients on HFNC or NPPV
should be monitored closely for deterioration of
their clinical status and early intubation, leading
to IMV (13, 14). Understanding COPD’s patho-
physiology leads to the hypothesis that NPPV
will reduce the number of ICU days compared to
HFNC. The data regarding COPD treatment with
severe COVID-19 is insufficient for low- and mid-
dle-income countries due, in the first instance, to

limitations in the available oxygen resources and
apparatus providing high flow oxygenation treat-
ment and noninvasive ventilatory support (15).

Methods

This cross-sectional study, including 21 pa-
tients, was conducted in the period from June
2020-December 2021 in two hospital facilities’
Medical Intensive Care Units (MICU) in the
Western Balkans: the University Clinical Center
of Republika Srpska, Banja Luka, and Prim. Dr.
Abdulah Naka$ General Hospital, Sarajevo.

The study population comprised patients di-
agnosed with COVID-19 pneumonia and COPD,
without respiratory acidosis, identified on the day
of hospital admission according to arterial blood
gas analysis (7.35 < pH < 7.45). As their clinical
condition deteriorated and the parameters of the
arterial blood gas (ABG) analysis worsened, deter-
mined by a decrease in the partial arterial pressure
of oxygen (PaO,) <60 mmHg (milimeters of mer-
cury), there was an increase in the partial arterial
pressure of carbon dioxide (PaCO,) >50 mmHg, or
arterial oxygen saturation decreased (Sa0,) <92%,
despite the oxygen support delivery via an orona-
sal mask with 151/min flow, patients were admit-
ted to the Intensive Care Unit (ICU). Chest X-ray
analysis or computed tomography (CT) chest scan
(due to technical limitations) was performed on
the day of hospital admission to confirm the diag-
nosis of pneumonia, and repeatedly with the de-
terioration of the patient’s clinical and respiratory
status. According to the parameters of SaO, and
the parameters of ABG, oxygen support via HFNC
or NPPV was applied. Once the HFNC was ini-
tiated, the fraction of inspired oxygen (FiO,) as a
percentage (%) and the oxygen flow rate (I/min)
were recorded.

Two methods of NPPV were applied: continu-
ous positive airway pressure (CPAP) or bilevel
positive airway pressure (BiPAP) with recordings
of the values of NPPV. However, the therapeutic
effectiveness of these non-invasive modes was not
further evaluated individually through the results
of the study due to the small sample size.




HEFNC treatment was initiated for patients with
SpO, <88% under oxygen supply (O,) at 15 L/min
and/or PaO_/FiO, <150. HENC treatment was ap-
plied with a properly fitted nasal cannula, and the
application was initiated and titrated according to
the following: oxygen flow raised from 30 L/min
until 60 L/min to accustom the patient; FiO, to
maintain peripheral oxygen saturation (SpO, 90-
92%); temperature 31-37°C, according to the pa-
tient’s comfort level.

CPAP ventilatory support was initiated in pa-
tients if PaO,/FiO, <200 or PaO, <60 mmHg (while
on oxygen or HFNC) or if PaO,/FiO, <300 or SpO,
<88% on O, >15 L/min and the patient had BMI
>30. BiPAP was initiated in patients if PaO_/FiO,
<100 or with respiratory distress under CPAP. The
FiO, initial value in both centers was 100% with
a gradual decrease in value according to the pe-
ripheral SpO, and the parameters of arterial ABG.
Suggested parameters for BiPAP initiation include
PEEP 10-12 cmH,0 and a pressure support (PS)
set, with the aim of tidal volume (VT) 4-6 ml/kg
and FiO, aimed at a target of SpO,90-92%. In the
case of clinical deterioration and respiratory dis-
tress, BIPAP was assigned as the first treatment op-
tion in patients with hypercapnic respiratory fail-
ure (pH<7.3, PaCO, >50mmHg). The criteria for
endotracheal intubation were: respiratory arrest,
respiratory pause with unconsciousness, severe
hemodynamic instability (i.e., systolic blood pres-
sure (SBP) <90 mmHg instead of adequate volume
resuscitation), and intolerance to CPAP leading to
discontinuation of the device, if after 4 hours of
CPAP, PaO,/FiO, was decreasing, with a respira-
tory rate (RR) 230, and PaO, <60 mmHg. Once
invasive mechanical ventilation was initiated, the
most commonly used ventilation mode was syn-
chronized intermittent mandatory ventilation
(SIMV). The parameters for the invasive mechani-
cal ventilation should be set up in concordance
with a “lung protective” ventilation strategy, but
they are not currently under consideration within
the framework of this study.

According to the control values of SaO, the
parameters of ABG and clinical follow-up aimed
at improvement of ventilatory status, the patients
were enabled to transfer between two types of
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non-invasive ventilatory support (HFNC and
NPPV). The ratio of oxygen saturation (ROX
index) was calculated within every 24 hours.
Accordingly, HFNC failure was determined if
ROX was below 2.85 at 2 hours, below 3.47 at 4
hours; or below 3.85 at 12 hours. CPAP failure was
determined if PaO,/FiO, <100 or there was a 20%
increase in PaCO,. BiPAP failure was determined
by the criteria reached for endotracheal intuba-
tion. The termination of the non-invasive ventila-
tory support by HFNC/NPPV was determined by
the improvement in the patient’s clinical condi-
tion (SpO,>92%), and by an increase in the values
of ABG (PaO,>60 mmHg or SaO, >92%), with
a gradual decrease in peripheral oxygen supply.
Awake proning was performed for the patients on
HFNC once ventilatory support was initiated, and
in certain cases of invasive mechanical ventilation,
according to clinical case-by case decisions.

The following laboratory tests were conduct-
ed on the day of admission to the ICU: complete
blood cell count (CBC), differential blood cell
count, including neutrophil granulocytes (Neu),
lymphocytes (Lym), monocytes (Mon), and eo-
sinophil granulocytes (Eos), C reactive protein
(CRP), D-dimer, parameters of ABG: partial arte-
rial pressure of oxygen and carbon dioxide (PaO,,
PaCO, respectively), pH value, bicarbonate level
(HCO,) and base excess (BE) according to the ref-
erence range values.

All patients, on the day of admission to the
hospital, were assigned the following descriptive
parameters: gender, age, smoking status (smoker,
non-smoker), and comorbidities (chronic heart
failure, arterial hypertension, acute coronary
syndrome, obesity, diabetes mellitus type II, and
chronic renal insufficiency). The following param-
eters were calculated on the day of admission to the
ICU:body mass index (BMI) and Sequential Organ
Failure Assessment (SOFA) score. The SOFA score
was calculated for all patients admitted to the ICU
to determine the level of organ dysfunction (based
on the dysfunction of six organ systems) and mor-
tality risk. Arterial blood gas analysis (ABG) was
taken on the day of admission to the hospital and
the day of admission to the ICU.
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On admission to the ICU, some patients un-
derwent prone positioning. The therapeutic pro-
cedures consisted of using corticosteroids in
various doses, and duration of treatment. After
serious clinical, diagnostic, and laboratory param-
eter evaluation, some patients were treated with
monoclonal antibody-tocilizumab. The primary
outcome was the length of hospital stay. The sec-
ondary outcomes were: the rate of intubation, the
death rate (survivor, non-survivor), and respira-
tory support-free days.

Statistical Analysis

The data are expressed as the mean and standard
deviation for normally distributed, or as the me-
dian and interquartile range for not normally
distributed continuous variables and counts with
percentages for categorical variables. The nor-
mality of data distribution was tested using the
Kolmogorov-Smirnov test. A comparison of mea-
sures for continuous variables was performed
by using the Mann- Whitney U and Student’s
t-tests. As appropriate, a proportion comparison
was calculated using the Pearson Chi-square test
and Fisher’s exact test. The Kaplan Meier test was
used for survival analysis. The analyses were per-
formed using IBM Corp. Released 2019. IBM SPSS

Statistics for Windows, Version 26.0. Armonk, NY:
IBM Corp. A P value <0.05 was considered signifi-
cant. We calculated the odds ratio (OR) for intuba-
tion between the groups of patients treated with
different ventilatory modes.

Results

A total of 21 confirmed COVID-19 pneumonia
and COPD patients, of which 13 were men (61.9%),
with a mean age of 67.9+9.7 years, were included
in the study. Thirteen (61.9%) of the evaluated pa-
tients were current smokers. Chronic heart failure
(CHF) was identified as the most common comor-
bidity in 10 patients (47.6%). Once transferred
to the MICU, in 11 patients (52.4%), NPPV was
the preferred mode of non-invasive ventilatory
support. A ventilation mode switch, regardless
of the deterioration or improvement of respira-
tory distress and clinical status, was identified
in 12 (57.1%) patients (Table 1). Patients treated
with NPPV had higher intubation and mortality
rates compared to the patients treated with HENC,
but the difference did not reach statistical signifi-
cance (Table 2). Moreover, patients on NPPV were
switched to another ventilation mode significantly
more often than patients on HFNC, as shown in
Table 3.

Table 1. Demographic and Clinical Characteristics of COPD" Patients with COVID-19 Treated with NPPV!/HFNC*

Demographic and clinical characteristics ,(A’\Illzpza]t)ients z\:\lP:P]V;) :-'NF:’\I]CJ) P value
Age (years) (mean=SD) 67.9+9.7 67+9.79 70.10+10.25 0.516%
Male sex (N; %) 13(61.9) 8(61.5) 5(38.5) 0.201!l
SOFA™ (median, IQR) 5(3) 5(3.5) 5(2.8) 0911
BMI** (mean+SD) 27354 27.62+6.01 26.33%£3.77 0.635°
CHF# (N; %) 10 (47.6) 7 (70) 3(30) 0.890!l
Smoker (N; %) 13 (61.9) 10 (76.9) 3(23.1) 0.477!
Ventilation mode switch (N; %) 12(57.1) 11(91.7) 1(8.3) 0.018l
Prone position (N; %) 11 (52.4) 8(72.7) 3(27.3) 0.890l
Vasopressors (N; %) 2(9.5) 1(50) 1 (50) 0.481ll
Corticosteroids (N; %) 21 (100) 15(71.4) 6 (28.6) -
Tocilizumab (N; %) 5(23.8) 3(60) 2 (40) 0.5171

“Chronic obstructive pulmonary disease; 'Non-invasive positive pressure ventilation/*High flow nasal cannula; *Student’s t-test; IPearson’s Chi-square test;
‘Mann-Whitney U test; “"Sequential Organ Failure Assessment; "'Body Mass Index; ¥Chronic Heart Failure
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Table 2. Comparison of Intubation and Mortality Rates Between COPD" Patients with COVID-19 Treated with NPPV{//HFNC*

All patients NPPV* HFENC*

Comparison of intubation and mortality rates (N=21) (N=11) (N=10) P value
Hospital stay, days (median, IQR) 14 (8.5) 15(11) 11.5 (4.25) 0.256°
Intubation (N; %) 12 (57.1) 8(66.7) 4(333) 0.577!
Mortality (N; %) 12 (57.1) 8(66.7) 4(333) 0.577!

“Chronic obstructive pulmonary disease; "Non-invasive positive pressure ventilation/*High flow nasal cannula; ‘Mann-Whitney U test; IPearson’s Chi-square test.

Table 3. Clinical Characteristics Between Survivor and Non-survivor COPD’ Patients with COVID-19 Treated with NPPV!/HFNC*

Clinical characteristics between survivor and non-survivor Survivor (N=9) Non-survivor (N=12) P value
Age (years) (mean+SD) 63.6+8.9 71.17+9.4 0.07%
Male sex (N; %) 6 (46.2) 7 (53.8) 0.70!
Hospital stay, days (median, IQR) 20 (24) 11 (5) 0.011
ICU** stay days (mean=SD) 12.3+7.7 6.7+2.6 0.03°%
Respiratory support free days (median, IQR) 1(2) 0 0.004'
Smoker (N; %) 5(38.5) 8(61.5) 0.60!!
HCHF (N; %) 6 (60) 4 (40) 0.13ll
Ejection fraction (%) (mean=SD) 5549.1 47.3+11 0.28°%
Arterial hypertension (N; %) 5(33.3) 10 (66.7) 0.16!
Acute coronary syndrome (N; %) 3(50) 3 (50) 0.67!
Diabetes mellitus type 2 (N; %) 3 (50) 3 (50) 0.67!
#BMI (mean=SD) 26.3+£3.6 27.9+6.5 0.51°
Sa0, (%) (mean+SD) 74.3%12.2 80.5£10.5 0.23°
Initial setting Prone position (N; %) 7 (63.6) 4 (36.4) 0.04!
Initial setting NPPV (N; %) 7 (46.7) 8(53.3) 0.58ll
Duration of initial setting, days (median, IQR) 5 (6) 3.5(3.75) 0.08°
Switch to different setting (N; %) 7 (58.3) 5(41.7) 0.09!l
Duration of secondary setting, days (median, IQR) 3(7.5) 0(1.75) 0.07¢
Pa0, (mmHg) (median, IQR) 49.3(19.9) 53.5(17.2) 0.341
FiO, (decimal) (median, IQR) 0.60 (0.35) 1(0.08) 0.017
Pa0,/FiO, (mmHg/decimal) (median, IQR) 78 (32.4) 56.3(17.8) 0.031
Platelets (x10°L) (mean=+SD) 253.9+69.5 204.67+96.2 0.21°
Glasgow comma score - reduced consciousness (N; %) 1(20) 4 (80) 0.24!
Billirubin (umol/L) (median, IQR) 7.8 (8) 12.2(6.7) 0.571
Mean arterial pressure (mmHg) (mean+SD) 101.4+12.3 87.7+16.1 0.04%
Vasopressor (N; %) 1 (50) 1 (50) 0.83ll
Creatinine (umol/L) (median, IQR) 86 (14) 91 (36.2) 0.321
SSSOFA score (median, IQR) 5(3.5) 5(2.8) 0.917
Leukocytes (x10°/L) (median, IQR) 8.8 (5.8) 12.3(9.2) 0.207
Hemoglobin (g/L) (mean+SD) 133.7£17.7 144+19.5 0.23°%
Hematocrit (1) (mean+SD) 0.41+0.07 0.43+0.05 0.37%
Neutrophils (%) (mean+SD) 79.8+12.2 87.8+9.5 0.11%
Lymphocytes (%) (median, IQR) 13 (21.8) 4.7(11.8) 0.191
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Table 3 (Continued)

Clinical characteristics between survivor and non-survivor Survivor (N=9) Non-survivor (N=12) P value
C-reactive protein (mg/L) (median, IQR) 44.7 (69.7) 60.7 (140.1) 0.121
D-dimer (g/L) (median, IQR) 1.5(9.3) 2.4(8.2) 0.48"
PaCO, (mmHg) (median, IQR) 32.03(45.75) 42.0 (23.25) 0.321
HCO, (mmol/L) (mean+SD) 24.6+7.4 27.5+5.5 0.37%
pH (median, IQR) 7.45 (0.05) 7.42 (0.08) 0.471
BE (mmol/L) (median, IQR) 1(6.5) 2.9(5.8) 0.39°1
Duration of corticosteroid therapy, days (median, IQR) 14 (4.5) 11.5 (5) 0.117
Tocilizumab (N; %) 3 (60) 2 (40) 0.38ll

“Chronic obstructive pulmonary disease; 'Non-invasive positive pressure ventilation/*High flow nasal cannula; *Student’s t-test; IPearson’s Chi-square test;
Mann-Whitney U test; “Intensive care unit, "'Chronic heart failure, ¥Body mass indeks, **Sequential Organ Failure Assessment.

We calculated the odds ratio (OR) for intuba-
tion between the groups of patients treated with
different ventilatory modes, and found that it was
1.75 times more likely in patients on NPPV com-
pared to HFNC (OR=1.75, 95% CI 0.242-12.642).
The relative risk (RR) for intubation in patients on
NPPV was 1.4 (95% CI 0.399-4.907). Table 3 com-
pares the clinical characteristics of survivors and
non-survivors, showing that survivors had signifi-
cantly longer MICU and hospital stay compared to
non-survivors. In addition, a considerably higher
number of patients in the survival group were
placed in the prone position, and these patients
had significantly lower FiO, and higher values of

Survival Functions

0.8

0.6

PaO_/FiO, compared to non-survivors. PaO,/FiO,
and FiO, values in Table 3 refer to mean calcula-
tions from initiation of the specific noninvasive
ventilation mode up to half an hour of measure-
ment. All patients were treated with corticoste-
roids, and the duration of treatment was similar
between the groups. Tocilizumab was used some-
what more often in the survivors’ group.
Although arterial hypertension was more fre-
quent in the non-survivor group (66.7%), with a
decrease in the mean value of the ejection fraction
(47.3+11), it did not reach statistical significance
in comparison to survivors. Diabetes mellitus
type II showed the same occurrence rate (50%)
between survivors and
non-survivors.

Setting Survival analysis was
—ITINPRV .
_FIHENC presented using a Kaplan-

+— NPPV-censored

i Henc-cemsored  Meier curve. The survival

rate in patients on HFNC
was slightly higher, but
the difference between
the groups did not reach

0.4

Cum Survival
|

0.2

0.0

statistical significance. In
the curve, a slightly high-
er intubation rate is seen
in patients on NPPV, but
this difference also did
not reach statistical sig-

0 20 40

Hospital stay in days

nificance (Figure 1).

Figure 1. Kaplan Meier curve: test of equality of survival distribution in Chronic obstruc-
tive pulmonary disease of patients with COVID -19 treated with "Non-invasive positive

pressure ventilation and *High flow nasal cannula.




Discussion

According to the results of our study, even though
NPPV was the preferred mode of non-invasive
ventilatory support, patients on NPPV were
switched to another ventilation mode significantly
more often than patients on HFNC. A significantly
higher number of COPD patients in the survival
group had significantly higher values of PaO,/FiO,
ratio and lower FiO, values compared to non-sur-
vivors, which is in concordance with the favorable
clinical outcome. Our results correlate with the
study by Grasseli et al., who evaluated risk fac-
tors associated with mortality among patients with
COVID-19 in intensive care units in Lombardy,
Italy. They identified several independent risk fac-
tors associated with mortality, including: older age,
male sex, a high fraction of inspired oxygen (FiO,)
and low PaO,/FiO, ratio on ICU admission, and a
history of chronic obstructive pulmonary disease
(16). Patients treated with NPPV in our study had
prolonged overall hospital stay due to the more se-
vere clinical course of the disease. The duration of
ICU stay days was also prolonged for survivors in
our study compared to non-survivors. The switch
to another mode of ventilatory setting in our study
occurred more frequently in the survivor group,
most probably due to the successful treatment.

In half of the patients in our study, treatment
was initiated with NPPV due to their deteriorated
clinical condition, resulting in survival for 46.7%
of them. In contrast, the results of the study by
Sun J. et al,, accounting for 82 COPD patients,
identified treatment failure in 39.5% of patients
treated with NIV (17). No significant differences
were found for 28-day mortality in the same study
(15.4% in the HENC group and 14% in the NIV
group, P=0.824). However, in our study, mortality
and intubation rates were twice as high for NPPV
than HENC (66.7% and 33.3%, respectively), but
the difference did not reach statistical significance.
According to the previous findings it is indicative
that patients with NPPV were in a worse condition
than patients with HFNC at the time of the treat-
ment initiation, as well as that the patients with
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BIPAP were in worse condition than those with
CPAP.

The values of PaCO, in our study were lower
in the survivor group compared to the non-sur-
vivors, but the difference did not reach statistical
significance. Moreover, meta-analyses involving
525 COPD patients with hypercapnic respiratory
failure indicated that HFNC could significantly
reduce PaCO, levels and the length of hospital
stay, without greatly influencing PaO, level, the
incidence of tracheal intubation, and mortality
rate compared to NIV (18). A randomized, con-
trolled trial by Li et al. evaluated COPD patients
with acute compensated hypercapnic respiratory
failure, and identified that HFNC improved the
prognosis compared to conventional oxygen ther-
apy, with a reduction in PaCO, but also identified
the value of PaCO, higher than 59 mmHg as an
independent risk factor for treatment failure after
24 hours (19). The pH value in arterial blood gas
analysis was decreased in non-survivors compared
to the survivor group, yet it did not reach the level
of acidosis or statistical significance. However, a
randomized controlled trial by Cortegiani et al.
assessed the potential of HFNC compared to non-
invasive ventilatory support (NIV) in the reduc-
tion of PaCO, in patients with hypercapnic ARF
with mild-to-moderate respiratory acidosis, and
determined the benefit of treatment with HENC,
especially in cases of COPD exacerbations, as an
alternative to NIV (20).

Acute coronary syndrome was equal in ap-
pearance (a total of three cases in survivors as well
as in the non-survivor group) without reaching
statistical significance between the groups in our
study, but arterial hypertension was more com-
mon among non-survivors. The study by Sheikh et
al. associated patients with COVID-19 pneumonia
suffering from COPD with more cardiovascular
events and extended hospital stays (21). According
to their results, the presence of COPD was associ-
ated with 1.74 higher odds of ICU admission and
1.47 higher odds of death.

The study of Chen et al. evaluated the predictors
of the severity of COVID-19 in patients suffering
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from underlying chronic airway disease, and iden-
tified: elevated neutrophil counts (P=0.001), de-
creased lymphocyte counts (P<0.001), eosinope-
nia (P<0.001), elevated D-dimer levels (P=0.001),
increased LDH (P<0.001), elevated blood urea
nitrogen (P<0.001), and increased inflammation
markers, including CRP (P<0.001) as potential
indicators of disease progression and treatment
effectiveness (22). These results correlate with the
findings of our study, where in the non-survivor
group neutrophil count, D-dimer values, and C re-
active protein levels were much higher compared
to the survivor group, along with the decrease
in lymphocyte count, but that difference did not
reach statistical significance.

Limitations of the Study

The main limitations of our study are related to the
small number of subjects. Another limitation re-
lates to the finding that patients with NPPV were in
a worse condition than patients with HFNC when
choosing the initial treatment. There are also pos-
sible confounding factors that might have affected
the observed small differences between the study
arms, such as baseline lung function and severity
of preexisting COPD, treatment adherence among
patients before onset of COVID-19, the time be-
tween symptom onset and medical care, that have
not been evaluated in this study. Moreover, further
investigations, implying more accurate results and
proper treatment directions, should be conducted
in the future.

Conclusion

In this exploratory study, noninvasive ventilation
and high flow oxygen were commonly used as
initial respiratory support for COVID-19 respira-
tory failure in patients with COPD. Switching be-
tween the modes was common. Patients initially
treated with high flow oxygen had overall better
outcomes but the comparisons did not reach sta-
tistical significance.

What Is Already Known on This Topic:

Patients diagnosed with COPD and COVID-19 can be evaluated for
several ventilatory support strategies, depending on the type of respira-
tory failure (hypoxaemic or hypercapnic or acute on chronic respiratory
failure) including oxygen supplementation, HENC or noninvasive ven-
tilatory support (CPAPB, BiPAP) (23). Insufficiently controlled hypoxae-
mia in such patients demands application of noninvasive ventilatory
support, with HENC as the first line of treatment in patients with CO-
VID-19 and acute hypoxaemic respiratory failure (11). The benefits of
HENC in COPD and COVID-19 patients are related to the reduction in
hypercapnia and the work of breathing (24). However according to the
available data, in patients with COPD with acute (or chronic) hyper-
capnic respiratory failure, NPPV is determined as the first line of treat-
ment, regardless of the previously stated benefits of HFNC (25). COPD
and COVID-19 burden in developing countries has been recently ques-
tioned. According to the available data COVID-19 case-fatality rates
are relatively higher in countries with higher COPD prevalence (26).
The strong correlation between COPD prevalence and COVID-19-re-
lated mortality in developing nations could be related to differences in
level of comorbidities among patients, or to inequalities in distribution
of healthcare resources (15).

What This Study Adds:

Since this study accounted for a significantly small number of COPD
patients with severe hypoxaemic respiratory failure due to COVID-19,
no optimal treatment strategy using either NPPV or HFNC was identi-
fied. However, since the survival rate in our study was higher on HENC
and the intubation rate was higher on NPPV; it led us to undertake a
further obligation to identify the optimal timing for HENC application
to prevent further clinical deterioration and pending intubation. This
study was conducted in the lack of oxygen resources and noninvasive
positive pressure ventilators within the environment of the middle-in-
come country, providing the insight in the most appropriate approach to
COPD patients with COVID-19 requiring the intensive care treatment.
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Abstract

Objective. The aim of the work was to show a Cutaneous Ciliated Cyst (CCC) in an unusual location in a 16-month-old girl.
Case Report. We present the case of a 16-month otherwise healthy girl presented to our hospital, with a report of a palpable
mass in the left suprascapular region. Physical examination revealed a soft-textured, fluctuating, mobile and painless entity, with
no further indications of local inflammation. The mass was totally excised, under general anesthesia, for both diagnostic and
therapeutic purposes. According to the histopathological findings, the cystic lesion was covered by a pseudostratified ciliary
epithelium, resembling the epithelium of a normal fallopian tube, surrounded by a smooth muscle layer. Immunohistochemi-
cal studies identified the cyst epithelium as having cytokeratin (CKAE1/AE3) expression, despite the negative immunostaining
findings on Estrogen and Progesterone Receptors. Conclusion. Our case report concerns a CCC in an unusual position, in the
suprascapular area. After a thorough review of the international literature, we concluded that this is the second published case
regarding this specific location. To our knowledge our patient is the youngest ever diagnosed with CCC.

Key Words: Cutaneous Mullerian Cyst ® Unusual Position ® Paediatric Patient ® Miillerian Duct Remnants.

Introduction

The entity was first described by Hess, in 1890 and
the term Cutaneous ciliated cyst (CCC) was estab-
lished by Farmer and Helwig, describing a unique
type of cyst arising on the lower extremities of
young women (1). CCCs, also known as cutaneous
Miillerian cysts, are cystic lesions, mostly found on
the lower extremities of females. They are covered
by a pseudostratified ciliary epithelium, resem-
bling that of fallopian tubes. Usually the wrong im-
pression is established of them being epidermoid
or dermoid cysts.

We present a case of a CCC located in the su-
prascapular area. The unusual location, together
with the young age of our patient were the stimuli
for writing this study. There is no case of CCC de-
scribed in the literature concerning such a young
patient.

Case Presentation

A 16-month-old girl was referred to our Paediatric
Surgery Clinic due to a painless lesion in her left
suprascapular region. This growth was detected
during the first month of her life. From then, it had
remained asymptomatic and stable in its dimen-
sions. There was no history of previous trauma or
other remarkable medical problems. Clinical ex-
amination revealed an almond-sized mass, which
was mobile, fluctuating, and had a soft texture on
palpation. No macroscopic signs of local inflam-
mation were detected, while there was no attach-
ment to the subcutaneous fat. Ultrasonography
showed a well-demarcated round mass, measur-
ing 1.3 cm X 0.8 cm, with internal hyperechogenic
regions.The formation was totally excised under
general anesthesia (Figure 1).

Copyright © 2022 by the Academy of Sciences and Arts of Bosnia and Herzegovina.
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Figure 1.The gross appearance of the lesion, indicating the
excised unilocular cyst.

The patient had an uneventful postopera-
tive course and left our hospital the next morning.
Microscopic investigation of the excised specimen
identified a pseudostratified cilia columnar epitheli-
um, clearly resembling a fallopian tube. A surround-
ing smooth muscle layer was also detected (Figure 2).

Figure 2. The pseudostratified columnar ciliary epithelium
resembling the tubal epithelium (H&E stain). *Detail: The
cilias are depicted on the surface of the cells.

The cytoplasmic membrane of the cyst had a
positive reaction to Cytokeratin immunocyto-
chemistry (CKAE1/AE3), but intranuclear stain-
ing for Estrogen and Progesterone receptors was
not shown. The young patient remained asymp-
tomatic during the one-year follow-up.

Discussion

A cutaneous Mullerian cyst is an extremely rare,
benign entity, frequently located on the lower ex-
tremities of young women after puberty, during
the second and third decade of life (1, 2). However,
there are some published cases worldwide con-
cerning men (2, 3). Different sites of location have
also been reported, including the abdominal wall,
the inguinal region, the umbilicus and the scalp
(3). As far as our case is concerned, this forma-
tion was located in the patients suprascapular
area, which is an extremely rare position, as it is
only the second case published worldwide in the
literature, concerning such a young pediatric pa-
tient (3). These entities usually appear in a specific
age group of the population. It is crucial to men-
tion that our patient does not belong to this spe-
cific category (2, 3). Fabien-Dupuis et al. reviewed
60 patients with CCC, from 1890 to 2015. In only
one 15-year-old patient (1/60) was the cutaneous
Mullerian cyst located between the two scapular
regions (1). Consequently, our case report is the
second one referring to that uncommon location.

In the recent review by Yon Hee Kim et al. 31
patients were recorded, including both sexes, us-
ing the PubMed search. The youngest was 7 years
old (4). This statement demonstrates that our
16-month girl is the youngest to be diagnosed
with CCC described in the literature. CCCs im-
munohistochemically most often have identical
epithelium to fallopian tubes, as they are covered
by a cuboid or columnar pseudostratified epithe-
lium (5). To the best of our knowledge, all case
reports, published in the literature concerning
women, have ER and PR positivity for nuclear cells
(2). What makes our case special, is its negativity
for these immunostains. The differential diagno-
sis for CCC also includes an unusual cystic entity
known as the Bronchogenic Cyst (BC). The main
difference lies in the thoracic location of the BC,
apart from its predominance in male patients. The
presence of smooth muscle, seromucous glands
and, rarely, cartilage in the cystic wall are the main
characteristics of a BC during histopathological
examination (6). Concerning our patient, the data




excluded the diagnosis of BC. The CCC'’s epitheli-
um had an obvious resemblance to fallopian tubes.
Their nuclear positivity for antibodies of ER and
PR, together with the epithelium, led to the hy-
pothesis of Miillerian heterotopia (2). On the basis
of that theory, the cysts derive from remnant cells
of the paramesonephric duct during the embryo-
logical period, and especially between the 6™ and
7" week of gestation (3). Cells that are not capable
of being integrated with the mesoderm may mi-
grate to the lower extremities.

Consequently, during menarche hormonal
stimulation plays a role in the growth of those
cystic formations (2-5). A second theory, concern-
ing the etiological background of this entity, sup-
ports the cilia metaplasia of the eccrine glands.
This concept was developed due to the published
cases of CCCs appearing in men. Apart from that,
more cases with ER and PR negativity for nuclear
cells have been published over time, meaning the
Miillerian duct hypothesis is void (3, 7). Finally,
therefore, we believe that cutaneous ciliated cysts
should be divided into two subgroups: cutaneous
Miillerian cysts and ciliated cutaneous eccrine
cysts. The cases presenting with ER and PR posi-
tivity belong to the first subgroup, in contrast to
those that do not have positive immunostaining
findings for Estrogen and Progesterone receptors.
The first subgroup includes the majority of cases,
specifically involving young women between the
ages of 15 and 30 years. The cystic formations are
usually located on the lower extremities, and their
nuclear cells meet the above mentioned positivity
for ER and PR. On the other hand, cases of un-
common locations, and also those found in male
patients with ER/PR negativity, belong to the sec-
ond subgroup of cutaneous ciliated cysts (2, 5, 7).

Conclusion

Consequently, our case refers to an eccrine cyst
found in an exceptionally rare position. Our pa-
tient is the youngest reported in the literature.
Surgical resection of the cystic mass is the only
therapeutic solution. There was no technical dif-
ficulty in removing this entity (2, 3).

Michail Anastasakis et al: Rare Position of Cutaneous Ciliated Cyst

What Is Already Known on This Topic:

Cutaneous Ciliated Cysts(CCCs) are rare, cystic entities usually located
on the lower extremities of young reproductive female adults. CCCs
may also be found on the abdominal wall, in the inguinal region, the
umbilicus and the scalp. The etiology is not fully known, but there are
two dominant theories. The first is that they are ectopic Mullerian resi-
dues, while the second theory supports the ciliated metaplasia of eccrine
glands.

What This Case Adds:

This case report presents an uncommon location of a Cutaneous Cili-
ated Cyst found in the suprascapular area of a 16-month girl. After a
thorough review of the literature using Pubmed search, we found that
our patient is the youngest presented from 1890 up to the beginning of
this year. So, our case is novel, because the patient does not belong to the
usual age group, and also in terms of the rare location.
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Abstract

Objective. The presence of cervical ribs, 1* rib anomalies, cervical muscle hypertrophy and repetitive motion are possible aetiol-
ogies of subclavian artery (SCA) entrapment and/or compression. Thoracic outlet syndrome of the arterial type may appear with
symptoms of hand pain due to the aneurismal part of the compressed SCA. The current cadaveric case describes a hypertrophic
right-sided anterior scalene muscle (ASM) and the possible entrapment of the right SCA (RSCA) passing through its fibres.
Furthermore, the branching pattern of the entrapped vessel is analysed. Case Report. A hypertrophic ASM was identified in the
right infraclavicular area of a male Greek donated cadaver (70 years of age). The RSCA passed through the ASM belly, and some
deeply situated fibres extended posteriorly to the RSCA. The ASM compressed the RSCA against the superior part of the 1% rib.
Conclusion. Knowledge of such variants may be important in the diagnosis of upper limb muscle atrophy or neurosensory loss.

Key Words: Thoracic Outlet Syndrome ® Anterior Scalene Muscle ® Variant ®* Compression ® Subclavian Artery.

Introduction rib inferiorly, the surrounding musculature and
the clavicle, as well as the anterior and middle sca-
lene muscles (11, 12). TOS sites of compression are
the interscalene triangle, followed by the costocla-
vicular triangle or the subcoracoid and pectoralis

minor space (1, 13). The arterial form of the syn-

The presence of some anatomical variants, such
as cervical ribs, 1* rib anomalies, hypertrophy of
the cervical muscles in combination with repeti-
tive motion, as well as fibrocartilaginous bands
(1-3) may cause subclavian artery (SCA) entrap-
ment and/or compression (2, 4-8). In addition, the
atypical passage of the SCA through the anterior
scalene muscle (ASM) or posterior to it (9, 10)
may cause compression on the SCA.

Thoracic outlet syndrome (TOS), an extensive-
ly studied entity, includes a constellation of disor-

drome includes hand pain due to the aneurismal
part of the compressed SCA. It is also character-
ized by chronic and repetitive SCA compression,
which may lead to arterial wall damage, aneurysm,
embolization, and thrombosis (5, 7, 8, 14).

The current cadaveric case describes an unusual

ders that arise from the compression of the brachi-
al plexus, and/or the subclavian and axillary ves-
sels within the thoracic outlet, due to the narrow
apertures and compartments created by the first

case of hypertrophic right sided ASM and the pos-
sible entrapment of the right SCA (RSCA) due to its
course through the ASM fibres. Furthermore, it anal-
yses the branching pattern of the entrapped vessel.

Copyright © 2022 by the Academy of Sciences and Arts of Bosnia and Herzegovina.



Case Presentation

During a routine dissection at the Anatomy
Department of the Medical School of the National
and Kapodistrian University of Athens, the unusu-
al course of the RSCA through the ASM fibres was
identified in a 70-year-old male cadaver, derived
from a body donation programme after signed in-
formed consent. The cause of death was cardiac ar-
rest, with no other identified pathologies. No fur-
ther details of the clinical file of the subject existed.
The cadaver presented a right hypertrophic ASM
and the RSCA passed through the ASM belly and
some deeply situated fibres extended posteriorly to
the RSCA, the so-called ASM posterior fibres (PF)
(Figures 1, 2).

The RSCA branching pattern sequence was as
follow: right vertebral artery (RVA), right thyro-
cervical trunk (RTCT) at the same level of origin
as the right internal thoracic artery (RITA) and
the right costocervical trunk (RCCT). The RTCT
gave off the right inferior thyroid artery (RiTA)
and the ascending and the transverse cervical ar-
teries. The right suprascapular artery (RSSA) was
not a branch of the RTCT and originated from
the distal part of the RSCA. The RCCT gave off
the deep cervical and the supreme intercostal ar-
teries. The novel variant pattern is classified as a
subtype of the Type Y of Hada et al. (10). The ASM
compressed the RSCA against the superior part of
the first rib. Since the RSCA passed through the
anterior and posterior fibres (AF-PF) of the ASM,
the compression was not caused solely by the hy-
pertrophic muscle, but also by muscle contraction.
The contralateral side had no such variant.

George Tsakotos et al: Subclavian Artery Muscular Entrapment

Y b R N '
Figure 1. A. The right subclavian artery (RSCA), the branch
of the brachiocephalic trunk (BCT) is depicted, between the
anterior scalene muscle (anterior and posterior) fibres (AF
and PF), JV- internal jugular vein, and T-trachea. The BCT
formed a common trunk (CT) with the left common carotid
artery (LCCA). The inclination of the trachea (T) at the left
side is evident, RSSA- right suprascapular artery, RSSN-right
suprascapular nerve, B. The RSCA branching pattern (right
vertebral artery-RVA, right thyrocervical trunk-RTCT at the
same level of origin with the right internal thoracic artery-
RITA, RTA-right inferior thyroid artery, RRLN- right recurrent
laryngeal nerve passing anterior to the RTCT. C. The same
level of origin of the RTCT and the RITA. The RRLN passed
anterior to the RSCA branches. AF and PF created a mus-
culoaponeurotic tunnel through which the RSCA coursed.
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Figure 2. A. ***The anterior scalene muscle’s anterior fibres (AF) insertion into the 1t rib. A few millimeters below the right
suprascapular artery originated (RSSA) and passed between the upper and middle trunks (UT and MT) of the brachial
plexus,. accompanied by the right suprascapular nerve and vein (RSSN and RSSV). The area of the internal jugular vein
(1JV) and right subscapular vein (RSCV) anastomosis into the venous angle (black arrow) area of the thoracic duct, LT- lower
trunk. B. Posterior fibres (PF) appear posterior to the right vertebral artery (RVA) origin. The passage of the RSCA through
the muscular tunnel and RSCA compression, RRLN-right recurrent laryngeal nerve, RTCT-right thyrocervical trunk, BCT-
brachiocephalic trunk.
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Discussion this case is the variant course of the RSCA through

the hypertrophic ASM fibres. Therefore, there were
The case is presented of a possible arterial TOS, due  concurrent compression factors, one from the hy-
to a hypertrophic ASM and the atypical passage of  pertrophic ASM and one from the ASM contrac-
the RSCA through its fibres. The special feature of  tions upon movement. Several rare anomalies have




been discovered and classified in the Roos system,
and include cervical ribs, additional tendons, and
accessory muscles (12). Several scalene muscle
variants found in TOS have also been reported,
such as ASM hypertrophy, the passage of the bra-
chial plexus through the ASM, and excessively
anterior and middle scalene muscle insertion into
the first rib, anomalous fibrous bands within the
thoracic outlet, and others (15). A TOS of arterial
type may be caused by the variant presented here,
although no further details exist from the personal
record of the subject.

Several authors have reported 13 isolated cas-
es in their cadaveric studies, with an incidence
ranging from 0.2-1.8% (9, 16). Uemura et al. (9)
declared that the ASM position in relation to the
SCA significantly affects the artery’s ramification
patterns. Thus, the branching pattern sequence of
the current study, not classified into a type, pres-
ents similarities to Type Y of Hada et al. (10) and
may be a new subtype of it. The developmental
mechanism of this type remains unknown.

On the basis of the published literature and the
current finding, it is evident that there is the need
for a unified classification of SCA pattern types
based on the ASM location (anterior to the SCA,
posterior to the SCA and passing through its fi-
bres). Larger studies following this protocol could
further record common, uncommon and unique
variants, and classify them according to the sever-
ity of their symptoms.

Conclusion

The current cadaveric report highlights the value
of the in-depth knowledge of anatomical vari-
ants that may compress the brachial plexus and/
or subclavian artery. This knowledge may help cli-
nicians to diagnose neurogenic and arterial TOS.
Cases of hypertrophic ASM may act as a compres-
sion factor, through the muscular tunnel created
surrounding the SCA and its branching pattern.

George Tsakotos et al: Subclavian Artery Muscular Entrapment

What Is Already Known on This Topic:

The entrapment and compression of the subclavian artery by a variant
form of the anterior scalene muscle may cause arterial thoracic outlet
syndrome. The syndrome is characterized by chronic and repetitive ar-
tery compression which leads to arterial wall damage, aneurysm, em-
bolization, and thrombosis. It is generally associated with cervical ribs
and soft tissue anomalies, such as anterior scalene muscle hypertrophy.
Other aetiological factors could be due to first rib anomalies, clavicle
fracture, and the presence of fibrocartilaginous bands.

What This Study Adds:

The current cadaveric report presents the rare presence of a unilateral
hypertrophic anterior scalene muscle, and the relationship of its fibres
with the subclavian artery. Specifically, some muscle fibres create a mus-
cular tunnel, surrounding and compressing the subclavian artery, thus
causing a rare form of the arterial type of thoracic outlet syndrome. The
subclavian artery is compressed during contractions of the anterior sca-
lene muscle. Special emphasis should be given to the probable presence
of variants or accessory muscles inserted into the 1 rib.
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Abstract

In the present review, we briefly discuss the breakthrough advances in precision medicine using a tumor-agnostic approach and
focus on BRAF treatment modalities, the mechanisms of resistance and the diagnostic approach in cancers with BRAF muta-
tions. Tumor-type agnostic drug therapies work across cancer types and present a significant novel shift in precision cancer
medicine. They are the consequence of carefully designed clinical trials that showed the value of tumor biomarkers, not just
in diagnosis but in therapy guidance. Six tumor-agnostic drugs (with seven indications) have been approved through October
2022 by FDA. The first tumor-agnostic treatment modality was pembrolizumab for MSI-H/dMMR solid tumors, approved
in 2017. This was followed by approvals of larotrectinib and entrectinib for cancers with NTRK fusions without a known ac-
quired resistance mutation. In 2020, pembrolizumab was approved for all TMB-high solid cancers, while a PD-L1 inhibitor
dostarlimab-gxly was approved for AMMR solid cancers in 2021. A combination of BRAF/MEK inhibitors (dabrafenib/tra-
metinib) was approved as a tumor-agnostic therapy in June 2022 for all histologic types of solid metastatic cancers harboring
BRAFY® mutations. In September 2022, RET inhibitor selpercatinib was approved for solid cancers with RET gene fusions.
Conclusion. Precision cancer medicine has substantially improved cancer diagnostics and treatment. Tissue type-agnostic drug
therapies present a novel shift in precision cancer medicine. This approach rapidly expands to provide treatments for patients
with different cancers harboring the same molecular alteration.

Key Words: Precision Medicine ® Targeted Therapy ® BRAF = BRAF Inhibitors ® Molecular Diagnostics.

Introduction 290 different precision and matched clinical trials

were conducted (2), resulting in the approval of

Precision Medicine and Tumor-Agnostic
Approach

Precision (or personalized) medicine in oncol-
ogy represents a novel approach to cancer treat-
ment. It implies using the right anticancer drug
for the right patient at the right time. In contrast
to the traditional oncologic treatment, this in-
novative approach considers individual differ-
ences in patients’ genes, environment and lifestyle.
Precision medicine was coined in 2011 by the
USA’s National Research Council’s (NRC) report
“Towards Precision Medicine” (1). In 2015-2020,

numerous targeted treatment modalities for vari-
ous solid and hematologic malignancies; the list is
provided here (3).

Much of the progress in precision medicine is
due to rapid advances in high-throughput genomic
sequencing technologies (e.g., next-generation se-
quencing/NGS) that enabled clinical implementa-
tion of assays. These assays can rapidly interrogate
cancers for various molecular genomic alterations
and targetable biomarkers and allow for more ap-
propriate clinical decision-making and patient
outcomes (4).

Copyright © 2022 by the Academy of Sciences and Arts of Bosnia and Herzegovina.
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The precision medicine approach has led
to a substantially higher proportion of responding
cancer patients, with markedly improved clinical
outcomes compared with traditional clinical tri-
als involving unselected patients (5). In particular,
clinical trials based on comprehensive molecular
profiling may provide “customized multidrug reg-
imens” with a substantial positive impact on the
outcome of hard-to-treat and refractory cancers
(6). Tissue/tumor type-agnostic drug therapies
present a significant, albeit gradual, shift in preci-
sion cancer medicine. It is a consequence of care-
fully designed clinical trials showing the value of
tumor biomarkers, not just in diagnosis but also in
therapy guidance. Advances in molecular-genetic
testing capabilities coupled with understanding
complex molecular pathways interactions have
led to the stratification of histologically diverse
malignancies into biomarker/pathway-similar tu-
mors. Three essential criteria should be fulfilled
for tumor agnostic treatment: (1): Cancers must
be enriched for at least one genomic alteration;
(2) Such an alteration should be predictive of re-
sponse to a matched therapy, (3) and the genomic
alterations should be found across the cancers (7).
Tissue type-agnostic drugs are usually assessed in
“basket trials” in which small patient cohorts with
diverse cancers are treated with the same targeted
therapy (8).

Consequently, most basket trials are prospec-
tive phase II clinical trials designed to assess du-
rable and objective therapeutic responses to a tar-
geted treatment across different histologic cancer
subtypes (9). Up to 2019, 49 basket trials were
completed and their results were published (10).
Our literature search revealed 76 different basket
trials registered in the database ClinicalTrials.gov,
most of which are related to cancer treatment (11).

The Food and Drug Administration (FDA) ap-
proved six different agnostic-based drugs (seven
indications) in oncology from the period 2017 -
October 2022 (12) (summarized in Table 1). The
first drug approved in 2017 in a tissue-agnostic
manner was pembrolizumab for the treatment of
unresectable or metastatic solid tumors that have
been identified as a microsatellite instability-high

(MSI-H) or mismatch repair deficient (dIMMR)
(13, 14). Three years later, FDA approved pembro-
lizumab for adult and pediatric patients with ad-
vanced and/or metastatic solid tumors exhibiting
a high tumor mutational burden (TMB) (defined
as =10 mutations/Mb) (15, 16). In 2018, larotrec-
tinib was approved for pediatric and adult tumors
harboring neurotrophic tyrosine receptor kinase
(NTRK) gene fusions without a known acquired
resistance mutation (17, 18), while another NTRK
inhibitor, entrectinib, was approved in August 2019
for a similar indication (Table 1) (19, 20). In 2021,
FDA granted accelerated approval for the PD-L1
inhibitor dostarlimab-gxly for adult patients hav-
ing dMMR advanced or recurrent solid cancers
(21, 22). FDA also approved the VENTANA MMR
RxDx assay as a companion diagnostic (CDx) test
to select patients with dMMR solid cancers for
treatment with dostarlimab-gxly. In June 2022,
FDA granted accelerated approval to dabrafenib
in combination with trametinib for the treatment
of adult and pediatric patients =6 years of age
with unresectable or metastatic solid tumors with
BRAF V"E mutations who have progressed follow-
ing prior treatment and have no satisfactory alter-
native treatment options (Table 1) (23). This ap-
proval was based on marked therapeutic responses
to targeted BRAF/MEK inhibition of various solid
malignancies with BRAF Y°°F mutations, including
low-grade gliomas, biliary, gynecological and gas-
trointestinal cancers (24-26).

Highly potent RET inhibitors were devel-
oped, targeting the RET oncogene that encodes
a receptor-type tyrosine kinase. RET (rearranged
during transfection) acts as an essential oncogene
in several cancers, including medullary thyroid,
non-small cell lung (NSCLC), pancreatic, breast,
and ovarian carcinomas (27). RET is usually rear-
ranged via mutations or gene fusions (28). FDA has
already approved the RET-inhibitor selpercatanib
for RET-positive (fused or mutated) NSCLC, med-
ullary thyroid and differentiated thyroid carcino-
mas (29), while another RET inhibitor pralsetinib
was approved in 2020 for metastatic RET-fused
NSCLC (30). In September 2022, FDA granted
accelerated approval for selpercatanib for treating
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Table 1. Overview of the Agnostic-Based Approved Targeted Treatments in Oncology

Name of the drug(s)  Year of approval Mechanism of action Indications
Adult and pediatric patients
Pembrolizumab 2017 PD-1 inhibition With solid cancers harboring
MSI-H/dMMR status
Larotrectinib 2018 pan-TRK (NTRK1-3) inhibition Adult and pediatric patients with NTRK1-3-fused solid
cancers
Entrectinib 2019 'NTI'RK.1 .-3, ALK, and ROS1 Adult and pediatric patients with NTRK1-3-fused solid
inhibition cancers
Pembrolizumab 2020 PD-1 inhibition Adult and pediatric patients with TMB-H solid cancers”
Dostarlimab-gxly 2021 PD-1-PD-L1/PD-L2 inhibition A S T el
recurrent or advanced solid cancers
Dabraf.en'|b 20 2022 BRA'F.a.nd LERHEL2AD Metastatic solid cancers with BRAF'5°° mutations
trametinib inhibition
Selloreriii 2022 RET kinase inhibition Adult patients with locally advanced or metastatic solid

cancers with RET gene fusions

“TMB-H defined as =10 mutations/Mb; PD-1=Programmed cell death protein 1; NTRK1-3=Neurotrophic Tyrosine Receptor Kinase 1-3; MSI-H=Microsatellite
instability-high; dMMR=Deficient mismatch repair; TMB-H=Tumor mutational burden high.

locally advanced or metastatic solid cancers har-
boring RET gene fusions. The tissue type-agnostic
approval was based on the LIBRETTO-001 basket
trial enrolling 45 patients with colorectal, breast,
pancreatic, salivary gland, ovarian, small intestine,
and cholangiocarcinomas, cancer of unknown
primary, soft tissue sarcoma, and bronchial car-
cinoid (31). The basket trial revealed that selper-
catinib exhibited clinically impactful activity in
the RET fusion-positive tumor-agnostic patients,
with a safety profile similar to the one previously
reported for selpercatinib (31).

Herein, we review the distribution of BRAF
mutations and other genomic alterations across
tumor types, methods of detection and potential
pitfalls and caveats associated with biomarkers
testing.

BRAF and Precision Medicine
BRAF Gene

The BRAF gene (B-Raf proto-oncogene, serine/
threonine kinase), located on chromosome 7q34,
is a constitutive part of the mitogen-activated
protein kinase (MAPK/ERK) signaling pathway
involved in cancer initiation and progression via
cell survival and proliferation (Figure 1) (32). The
BRAF gene encodes a cytoplasmic protein with

serine-threonine kinase activity. BRAF is usually
activated via surface ligand binding to receptors
with tyrosine kinase activity, such as Epidermal
Growth Factor Receptor 1 (EGFR/HERI) or
Human Epidermal Growth Factor Receptor 2
(HER2/ERBB2), followed by the activation of
RAS-family GTPases. This chain of reactions
leads to the dimerization of BRAF with BRAF or
CRAF and activation of downstream components
of the MAPK/ERK pathway MEK1/2 and ERK1/2
(Figure 1). The activation of the MAPK pathway
upregulates various transcription factors involved
in cellular survival, proliferation, and growth (32).

BRAF Mutations and Other Genomic Alterations

BRAF is frequently mutated in human cancer, with
an estimated frequency of ~3-7% (33-37). Since
2002 when Davies et al. described BRAF muta-
tions in a subset of human neoplasms (33), numer-
ous studies explored BRAF status in various solid
tumors (melanoma, carcinomas, brain tumors)
and hematological malignancies (e.g., hairy cell
leukemia, multiple myeloma, systemic histiocyto-
ses) (35, 38-41). BRAF mutations have also been
described in various soft tissue tumors, including
malignant peripheral nerve sheath tumors (~10%),
Ewing sarcomas (3%), and gastrointestinal stromal
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Figure 1. Schematic of MAPK signal (black/dark blue) and related (gray) pathways. Wild type BRAF (in dark blue) acts as a
dimer (with BRAF or CRAF) to activate MEK in response to activation of RAS, eventually leading to cell proliferation. BRAF
mutations (light blue) may act in a RAS-independent manner as monomers (Class I) or dimers (Class Il), or in a RAS-depen-
dent manner as a dimer (with wild type BRAF/CRAF). Mutant BRAF (in light blue) appears to be a stronger activator of MEK
than wild type, with Class Il less strong than classes | and Il. BRAF inhibitor resistance may involve mutations at several of

the genes encoding the proteins shown (see text).

tumors (7%) [reviewed in (42)]. BRAFV600E mu-
tations were also detected in rare, poorly differen-
tiated sarcomas with spindle cell morphology (43).

Tumors with the highest BRAF mutation rate
(~50-80%) include malignant melanoma, papil-
lary thyroid carcinoma, pilocytic astrocytoma and
low-grade serous carcinoma of the ovary (35).
However, in other tumors, the frequency of BRAF
gene mutations is usually seen in the minority of
cases (<5%) (44-47). BRAF mutations have also

been described in several benign tumors, such as
melanocytic nevi, metanephric adenomas, and
pituitary adenomas, as well as in low-grade neo-
plasms, such as Erdheim-Chester disease and
Langerhans cell histiocytosis (48-51) or locally
aggressive neoplasms such as ameloblastomas
and craniopharyngiomas (52-55). The data from
molecular studies indicate that BRAF mutations
alone cannot initiate malignant transformation
and are usually preceded by the inactivation of
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tumor suppressor genes (e.g., CDKN2A, PTEN
and BAPI), TERT promoter mutations or inactiva-
tion of genes involved in DNA repair (48, 56-58).

Based on their effects on the MAPK pathway,
three classes of BRAF gene mutations have been
described: Class 1, associated with kinase activity
(e.g., BRAF V600E, V600K/D/R/M mutations);
Class 2 (e.g., K601E, K601N, K601T, L597Q,
L597V, L485F, G469A, G469V, G469R, G464V,
G464E, and fusions), with constitutively active
dimers (codons 601, 597, 469, and 464) (Figure
1); These mutations are resistant to vemurafenib
but may be sensitive to MEK inhibitors. Class 3
(D287H, V4591, G466V, G466E, G466A, S467L,
G469E, N581S, N5811, D594N, D594G, D594A,
D594H, F595L, G596D, and G596R), with low-
to nil kinase activity/RAS-dependent mutations,
frequently affect exons 11 and 15 and these mu-
tations are commonly observed in non-small cell
lung and colorectal carcinomas (48, 59); these
mutations are sensitive to MEK inhibitors. Class
1 mutations are usually mutually exclusive with
other driver mutations (e.g., EGFR, KRAS, ALK).
The majority (~80-90%) of BRAF mutations are
class 1 missense V600OE mutations (35, 60). V600E
mutation is caused by the transversion of T to A
nucleotide 1799 (T1799A), resulting in a substitu-
tion of valine (V) for glutamic acid (E) at position
600. The remaining (15-20%) of BRAF mutations
include V600K, V600OR, V600M, V600D and non-
V600 mutations (e.g., K601, D594N, G469). Some
of these mutations may also be amenable to treat-
ment with BRAF and/or MEK inhibitors (e.g.,
V600K). However, the efficacy appears to be lower
compared to the sensitivity of V600E mutations
(61). In contrast, some other mutations (e.g., G469
mutations) are predictors of resistance to anti-
BRAF therapies but sensitivity to EGFR inhibitors
(57, 62, 63).

In addition, rare BRAF gene fusions have been
described in various cancer subtypes (frequency
0.3%), particularly in Spitzoid melanomas, pilo-
cytic astrocytomas, papillary thyroid carcinomas,
acinar pancreatic carcinomas, gastric carcinomas,
serous ovarian carcinomas (both low- and high-
grade), salivary gland carcinomas, and histiocytic

neoplasms (pediatric and adult xanthogranulo-
mas) (64-73). BRAF gene fusions and point mu-
tations have recently been found in a subset of
adult and pediatric soft tissue tumors with spindle
cell morphology and infantile fibrosarcoma-like
growth pattern (74-76). Antonescu also described
a poorly differentiated sarcoma with a BRAF gene
rearrangement; the neoplasm exhibited a whor-
ling growth pattern with the spindle cells within
a fibrotic stroma (77). Various BRAF gene fusions
have also been described in other sarcoma mor-
phologies (78-80). BRAF-fused cancers confer
resistance to BRAF and EGFR inhibitors but may
be sensitive to MEK or pan-RAF inhibitors (65,
81-88).

Not all cancers with BRAF mutations are re-
sponsive to BRAF inhibitors. Thus, in colorectal
carcinoma, there is a strong interplay between
BRAF and EGFR, and BRAF inhibitors alone are
ineffective due to the activation of the EGFR path-
way. However, a combined treatment with BRAF,
MEK and EGFR inhibitors may overcome the po-
tential resistance and induce a much better thera-
peutic response (89). In contrast, BRAF inhibitors
effectively inhibit melanoma cells due to the low
expression of EGFR receptor in these cells (89).

BRAF mutations have been associated with
a more aggressive clinical course and poor out-
comes in cancer patients (90-93). BRAF muta-
tions are also strong predictors of response to anti-
BRAF treatment modalities, such as BRAF (ve-
murafenib, dabrafenib and encorafenib) and MEK
inhibitors (trametinib, cobimetinib, binimetinib)
alone or in combination (45, 94). BRAF inhibi-
tors and five combinations of a BRAF inhibi-
tor plus an additional agent(s) to manage cancers
such as melanoma, non-small cell lung cancer,
anaplastic thyroid cancer, colorectal cancer, and
Erdheim-Chester disease have been approved
(Table 2). To date, each regimen is effective only
in patients with tumors harboring BRAF V600
mutations, and the benefit duration is often short-
lived. Further limitations preventing optimal
management of BRAF mutant cancers are that
treatments of non-V600 BRAF mutations have
been less profound. Combined therapy is likely
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Table 2. Overview of the Cancers with Approved Anti-BRAF Treatment Modalities

Tumor type (indication) Drug(s)/Combinations

Predictive testing

Malignant melanoma

BRAF/MEK inhibitors /vemurafenib, dabrafenib,
encorafenib/trametinib, cobimetinib, binimetinib/

BRAF
mutational status

Colorectal carcinoma

BRAF/MEK/EGFR inhibitors (encorafenib/binimetinib/

KRAS, NRAS and BRAF mutational status

cetuximab)
. s . - BRAF
Non-small cell lung carcinoma BRAF/MEK inhibitors (dabrafenib/trametinib) .
mutational status
. . . s . - BRAF
Anaplastic thyroid carcinoma BRAF/MEK inhibitors (dabrafenib/trametinib) .
mutational status
. . o . BRAF
Erdheim-Chester Disease BRAF inhibitors (vemurafenib) .
mutational status
BRAFV600E
Solid tumors BRAF/MEK inhibitors (dabrafenib/trametinib) .
mutations

necessary to overcome resistance mechanisms, but
multi-drug treatment options are often too toxic
(95). The combination of a BRAF inhibitor and a
MEK inhibitor (which acts by inhibiting kinases
further downstream of BRAF in the MAPK path-
way) substantially inhibits MAPK signaling with
a more potent and durable inhibition of MAPK/
ERK signaling and delayed acquired resistance
(96-98). Dual MAPK pathway inhibition is a stan-
dard treatment option for BRAF-mutated mela-
noma (94, 99). Multiple studies also revealed the
therapeutic benefit of vemurafenib in patients with
several non-melanoma, BRAF-mutated cancer
types such as NSCLC, Erdheim-Chester disease,
Langerhans’ cell histiocytosis, and hairy cell leuke-
mia (39, 44, 100).

Resistance to BRAF/MEK Inhibitors

The resistance to BRAF/MEK inhibitors is an
emerging problem associated with various genetic
and/or epigenetic alterations within the two major
signaling pathways, RAF/MEK/ERK and PIK3CA/
PTEN/AKT (Figure 1) (35, 101-104). While the
intrinsic resistance to BRAF/MEK inhibitors is
relatively rare, the acquired resistance (follow-
ing the treatment) is widespread and nearly in-
evitable. In particular, mutations of KRAS, NRAS,
MAP2K]1, and MAP2K2, along with BRAF ampli-
fications (MAPK reactivation or “addiction”), con-
tribute to the resistance to BRAF inhibitors [(re-
viewed in (57, 104)]. Another potential resistance

mechanism is a BRAFV600E splice variant that
promotes RAF dimerization (105). Mutations
within the PIK3CA/PTEN signaling pathway in-
volving PIK3CA, PTEN, AKT1, PIK3R1, PIK3R2,
and AKT3 genes are also involved in the resistance
to BRAF inhibitors. Genetic alterations of RACI,
CDK4, CCNDI, and c-MET genes also contribute
to the resistance to anti-BRAF treatment modali-
ties. Recently, androgen receptor (AR) expression
has been described as a potential resistance mech-
anism in preclinical (animal) models with signifi-
cantly reduced anticancer activity of BRAF/MEK
inhibitors in male mice compared with female
mice (106). The study also revealed significantly
higher AR expression in melanomas affecting
male mice than female mice. The preclinical ob-
servations were further translated and confirmed
in a clinical cohort of melanoma patients treated
with BRAF/MEK inhibitors (106). Further stud-
ies should confirm whether androgen suppression
could be combined with BRAF/MEK inhibitors
in melanoma patients. In NSCLC, the most com-
mon causes of resistance to BRAF/MEK inhibitors
are mutations of MEK1, PTEN, NRAS, and KRAS
genes (107).

Epigenetic or transcriptome-based changes
were speculated to be the likely drivers of the resis-
tance to BRAF inhibitors among ~40% of melano-
mas that progressed on the treatment and lacked
any identifiable genetic abnormality to explain
such resistance (104). Among these resistance
mechanisms, DNA methylation, post-translational
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histone modifications, and various miRNAs ap-
pear to play prominent roles (108).

Diagnostic Approaches for BRAF
Mutations

For treatment purposes, a routine determina-
tion of BRAF status is the standard of care (99,
109-111). BRAF analysis is usually performed on
formalin-fixed paraffin-embedded tissue (FFPE)
samples (either primary or metastatic). If FFPE
of the primary or metastatic cancer is unavailable,
a blood sample or liquid biopsy using circulat-
ing tumor DNA (ctDNA) may be an alternative
(Guardant 360, Table 3). Although ctDNA pres-
ents an essential innovation in cancer diagnostics
and management (e.g., diagnosis and molecular
profiling of advanced non-small cell lung cancer
or the monitoring of BRAF status in melanoma
patients during the targeted treatment with BRAF/
MEK inhibitors) (34703985), it has certain limita-
tions, including lower sensitivity (47-84%) com-
pared with the PCR-based assays performed on
FFPE (112-116).

BRAF analysis is usually performed using vari-
ous DNA-based molecular assays. The FDA has
also approved several diagnostic assays for detect-
ing BRAF mutations as CDx tests or authorized as-
says (summarized in Table 3). Various laboratory-
developed assays have also been developed and
routinely utilized for BRAF gene testing in patients
with melanoma and other cancers with approved
anti-BRAF treatment modalities (Table 2) (57).

Among the DNA/RNA-based assays, Sanger
sequencing, pyrosequencing, mutation-specific
Polymerase Chain Reaction (PCR) and muta-
tion-specific real-time PCR, digital PCR (dPCR),
High-Resolution Melting curve analysis (HRM),
Matrix Assisted Laser Desorption Ionization-
Time Of Flight Mass Spectrometry (MALDI-TOF
MS; Sequenom), and many Next-Generation
Sequencing (NGS) based assays are available
(117). Each of these assays has its characteristics
and performances but shares very high sensitivity
and specificity (~85-100%) in detecting genomic
alterations, including BRAF gene mutations (117).

Some of these assays were also approved by FDA
as CDx tests (summarized in Table 3).

The Cobas 4800 BRAF V600 Mutation Test
(Roche Molecular Systems, Inc.) was the first FDA-
approved CDx for BRAF assessment. This test was
used in the clinical trial that led to the approval
of vemurafenib by FDA and later by the European
Medicines Agency (EMA) (118). The Cobas 4800
BRAF V600 Mutation Test was approved for the
vemurafenib/cobimetinib combination, while
another RT-PCR-based assay approved for dab-
rafenib/trametinib combination is the THxID-
BRATF kit (bioMerieux Inc.) (Table 3). The ther-
ascreen BRAF V600E RGQ PCR Kit (QIAGEN
GmbH) is the third RT-PCR-based assay approved
by FDA as a CDx. It assesses BRAFV600E muta-
tions in patients with colorectal cancer for the
potential treatment with encorafenib in combi-
nation with cetuximab (a monoclonal antibody
against EGFR).

NGS refers to large-scale (high-throughput)
DNA and RNA sequencing technology that al-
lows for querying the whole genome, the exons
within all known genes (whole exome), or only
exons of selected genes (target panel). The use
of NGS revolutionized cancer genomic profiling
and has become a cornerstone diagnostic tool in
precision medicine management (119, 120). It is
a highly efficient and precise assay (sensitivity of
98% and specificity of 100%) that enables compre-
hensive cancer genomic profiling. It is, therefore,
a reliable and affordable tool for detecting vari-
ous genomic alterations, including those affecting
the BRAF gene (117). Several NGS-based assays
achieved either CDx status or were authorized by
FDA. These include CDx assays FoundationOne
CDx (by Foundation Medicine, Inc.), and
Oncomine Dx Target Test (by Life Technologies
Corporation), and FDA-authorized assays MSK-
IMPACT (by Memorial Sloan Kettering Center),
and Guardant360 CDx (by Guardant Health, Inc.)
(Table 3). These assays include gene panels of vari-
ous sizes (from 55 to 505 genes) and also provide
additional valuable information about other pre-
dictive biomarkers (e.g., tumor mutational burden
or microsatellite instability status) (See Table 3

223



224

Acta Medica Academica 2022;51(3):217-231

Table 3. The List of FDA-Approved Companion Diagnostic and Authorized Tests/Assays for BRAF Testing [Adopted and

Modified From (4)].

Test (Manufacturer) Indication(s)

Diagnostic method

CDx tests/assays

Cobas 4800 BRAF V600 Mutation Test

(Roche Molecular Systems, Inc.) respectively)

Malignant melanoma (covering V600E and V600K mutations,

PCR-based assay

FoundationOne CDx

NSCLC and melanoma (covering V600E and V600 mutations,

(Foundation Medicine, Inc.) respectively) L FEEEE R
Oncomme‘Dx e T?St it NSCLC (covering V600E mutations) NGS based assay
Technologies Corporation)
The therascreen BRAF V600E RGQ PCR . . .
Kit (QIAGEN GmbH) Colorectal cancer (covering V600E mutations) Real-time PCR
The THxID-BRAF kit (bioMerieux Inc.) Malignant melanoma (covering V600E and V600K mutations) Real-time PCR
FDA-authorized tests/assays
MSK-IMPACT (Memorial Sloan Kettering/  Melanoma and other cancers with BRAF and other mutations

NGS based assay

MSK/) (the panel of 505 genes)

Guardant360 CDx (Guardant Health, Inc.)

NSCLC, CRC (BRAF and 54 additional targetable genes)

NGS assay based on liquid
biopsy

PCR=Polymerase chain reaction; CDx=Companion diagnostics; NGS=Next-generation sequencing; NSCLC=Non-small cell lung carcinoma; CRC=Colorectal

carcinoma.

with the list of FDA-approved CDx assays based
on NGS technology).

The VEI antibody is the only immunohisto-
chemical assay currently available for BRAF pro-
tein testing and detection (57) but has not received
regulatory approval as a CDx despite its wide-
spread availability. BRAF V600E-specific antibody
VEL1 has a good concordance with detecting the
BRAFV600E mutation by some genetic tests (34).

Figure 2A-B. (A): Hematoxylin and Eosin (H&E) slide of a case

A meta-analysis based on 21 studies covering
1687 melanoma cases confirmed an excellent di-
agnostic utility of the VE1 antibody for detecting
BRAFV600E mutation, with a sensitivity of 0.96
and specificity of 1.00 (121). Similar performance
of the VEI antibody was reported in colorectal
(122-124), thyroid carcinomas (125-128), hairy
cell leukemias (129, 130) (Figure 2A-B), and low-
grade serous ovarian neoplasms (131).

eukemia with a diffuse bone marrow infiltration
(10x magnification); neoplastic cells harbored BRAFV600E mutation, which was confirmed immunohistochemically using
VE1 antibody (40x magnification).
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Our previous study, based on a cohort of di-
verse cancers, confirmed that the VE1 antibody is
100% sensitive and 91% specific for BRAFV600E
protein and may serve as a good screening tool,
especially in tumor types with a high proportion
of BRAFV600E mutation (e.g., thyroid carcinoma,
colorectal carcinoma, melanoma) (132). However,
VEI THC screening in tumor types with a higher
proportion of non-BRAFV600 mutation may not
be feasible with a high proportion of false-negative
results (133-135). For instance, lung adenocarci-
nomas may have a higher proportion of false nega-
tive results due to the finding of the D594V muta-
tion. Rare actionable mutations (e.g., V600K) may
also be missed using VE1 THC alone (132, 136).
The discrepancies between VE1 THC and PCR
assays have also been described in the kidney’s
BRAFV600E -mutated metanephric adenomas,
pituitary adenomas, and Langerhans cell histiocy-
tosis (51, 137, 138).

Although Martins-de-Barros et al. in the sys-
tematic review with a meta-analysis, reported an
excellent diagnostic utility of VE1 THC in amelo-
blastomas (139), several studies reported its low
diagnostic value in maxillary ameloblastomas that
are predominantly affected by non-BRAFV600E-
mutations (52, 140).

Taken together, VE1 IHC appears to be an ex-
cellent screening assay, particularly for the detec-
tion of BRAFV600E mutations, but further confir-
mation with molecular (PCR)-based methods is
still required for the targeted treatment with BRAF
and/or MEK inhibitors.

Conclusions

Precision cancer medicine has substantially im-
proved cancer diagnostics and treatment. Tissue
type-agnostic drug therapies present a novel shift
in precision cancer medicine. It is a consequence
of carefully designed clinical trials showing the
value of tumor biomarkers, not just in diagnosis
but in therapy guidance. Six different tumor-ag-
nostic treatment modalities have been approved
for cancer treatment since 2017 when pembro-
lizumab was approved for MSI-H/dMMR solid

tumors regardless of their histotype. In June 2022,
a combination of BRAF/MEK inhibitors (dab-
rafenib/trametinib) was approved in a tumor-
agnostic fashion for all solid metastatic cancers
harboring BRAFV** mutations. BRAF mutations
affect ~3-7% of all cancers, with the highest preva-
lence in melanoma, papillary thyroid carcinoma,
pilocytic astrocytoma, and low-grade serous ovar-
ian carcinoma. However, a low prevalence (<5%)
of BRAF mutations has been described in ~50
cancer subtypes. BRAF inhibitors alone or com-
bined with MEK inhibitors have been approved
and substantially improved the treatment of sev-
eral cancers, including malignant melanoma, non-
small cell lung cancer, anaplastic thyroid cancer,
colorectal cancer, and Erdheim-Chester disease.
The diagnosis of BRAF mutations remains a cor-
nerstone of anti-BRAF treatment(s), and several
highly sensitive and specific diagnostic assays were
approved as CDx tests. Resistance to treatment
represents an emerging issue among BRAF can-
cers, mainly when BRAF inhibitors are adminis-
tered alone. Apart from mutations within MAPK/
MEK and PIK3CA signaling pathways, novel and
potentially targetable resistance causes have been
recently described (androgen receptor overexpres-
sion). Further efforts are needed to translate these
findings into clinical practice and improve the out-
come of patients with BRAF-mutated cancers.

Conflict of Interest: Gargi D. Basu and David W. Hall are
full-time employees and stockholders of Exact Sciences.
Zoran Gatalica is a part-time employee of Exact Sciences.
Semir Vranic declares no conflict of interest.

References

1. Council NR. Toward Precision Medicine: Building a
Knowledge Network for Biomedical Research and a New
Taxonomy of Disease. Washington, DC: The National
Academies Press; 2011.

2. Hibino Y, Ito M, Satake T, Kondo S. Clinical benefits
of precision medicine in treating solid cancers: Euro-
pean Society of Medical Oncology-Magnitude of Clini-
cal Benefit Scale score-based analysis. ESMO Open.
2021;6(4):100187.

3. List of Targeted Therapy Drugs Approved for Specific
Types of Cancer 2022 [cited 15 Oct 2022]. Available from:

225



226

Acta Medica Academica 2022;51(3):217-231

10.

11.

12.

13.

14.

15.

16.

17.

https://www.cancer.gov/about-cancer/treatment/types/
targeted-therapies/approved-drug-list.

Vranic S, Gatalica Z. The Role of Pathology in the Era of
Personalized (Precision) Medicine: A Brief Review. Acta
Med Acad. 2021;50(1):47-57.

Jardim DL, Schwaederle M, Wei C, Lee JJ, Hong DS, Eg-
germont AM, et al. Impact of a Biomarker-Based Strat-
egy on Oncology Drug Development: A Meta-analysis of
Clinical Trials Leading to FDA Approval. ] Natl Cancer
Inst. 2015;107(11):djv253.

Sicklick JK, Kato S, Okamura R, Schwaederle M, Hahn
ME, Williams CB, et al. Molecular profiling of cancer pa-
tients enables personalized combination therapy: the I-
PREDICT study. Nat Med. 2019;25(5):744-50.

Offin M, Liu D, Drilon A. Tumor-Agnostic Drug Devel-
opment. Am Soc Clin Oncol Educ Book. 2018;38:184-7.

Looney AM, Nawaz K, Webster RM. Tumour-agnostic
therapies. Nat Rev Drug Discov. 2020;19(6):383-4.

Hobbs BP, Pestana RC, Zabor EC, Kaizer AM, Hong DS.
Basket Trials: Review of Current Practice and Innovations
for Future Trials. ] Clin Oncol. 2022:JC02102285.

Park JJH, Siden E, Zoratti M], Dron L, Harari O, Singer
], et al. Systematic review of basket trials, umbrella trials,
and platform trials: a landscape analysis of master proto-
cols. Trials. 2019;20(1):572.

Basket trials 2022 [cited 15 Oct 2022]. Available from:
https://clinicaltrials.gov/ct2/results?cond=&term=basket
+trial&centry=&state=&city=&dist=.

Tumor-agnostic Drugs: American Cancer Society; 2022
[cited 15 Oct 2022]. Available from: https://www.cancer.
org/treatment/treatments-and-side-effects/treatment-
types/tumor-agnostic-drugs.html.

Pembrolizumab (Keytruda) 5-10-2017 2017 [cited 15
Oct 2022]. Available from: https://www.fda.gov/drugs/
resources-information-approved-drugs/pembrolizumab-
keytruda-5-10-2017.

Le DT, Uram JN, Wang H, Bartlett BR, Kemberling H, Ey-
ring AD, et al. PD-1 Blockade in Tumors with Mismatch-
Repair Deficiency. N Engl ] Med. 2015;372(26):2509-20.

FDA approves pembrolizumab for adults and children
with TMB-H solid tumors 2020 [cited 15 Oct 2022].
Available from: https://www.fda.gov/drugs/drug-approv-
als-and-databases/fda-approves-pembrolizumab-adults-
and-children-tmb-h-solid-tumors.

Marabelle A, Fakih M, Lopez ], Shah M, Shapira-Frommer
R, Nakagawa K, et al. Association of tumour mutational
burden with outcomes in patients with advanced solid tu-
mours treated with pembrolizumab: prospective biomark-
er analysis of the multicohort, open-label, phase 2 KEY-
NOTE-158 study. Lancet Oncol. 2020;21(10):1353-65.
FDA approves larotrectinib for solid tumors with NTRK
gene fusions 2018 [cited 15 Oct 2022]. Available from:
https://www.fda.gov/drugs/fda-approves-larotrectinib-
solid-tumors-ntrk-gene-fusions.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Drilon A, Laetsch TW, Kummar S, DuBois SG, Lassen
UN, Demetri GD, et al. Efficacy of Larotrectinib in TRK
Fusion-Positive Cancers in Adults and Children. N Engl |
Med. 2018;378(8):731-9.

FDA approves entrectinib for NTRK solid tumors and
ROS-1 NSCLC 2019 [cited 15 Oct 2022]. Available from:
https://www.fda.gov/drugs/resources-information-ap-
proved-drugs/fda-approves-entrectinib-ntrk-solid-tu-
mors-and-ros-1-nsclc.

Doebele RC, Drilon A, Paz-Ares L, Siena S, Shaw AT,
Farago AFE et al. Entrectinib in patients with advanced
or metastatic NTRK fusion-positive solid tumours: in-
tegrated analysis of three phase 1-2 trials. Lancet Oncol.
2020;21(2):271-82.

FDA grants accelerated approval to dostarlimab-gxly for
dMMR advanced solid tumors 2021 [cited 15 Oct 2022].
Available from: https://www.fda.gov/drugs/resources-
information-approved-drugs/fda-grants-accelerated-ap-
proval-dostarlimab-gxly-dmmr-advanced-solid-tumors.
Andre T, Berton D, Curigliano G, Ellard S, Pérez JMT,
Arkenau H-T, et al. Safety and efficacy of anti-PD-1 anti-
body dostarlimab in patients (pts) with mismatch repair-
deficient (AMMR) solid cancers: Results from GARNET
study. Journal of Clinical Oncology. 2021;39(3 suppl):9-9.
FDA grants accelerated approval to dabrafenib in com-
bination with trametinib for unresectable or metastatic
solid tumors with BRAF V600E mutation 2022 [cited 15
Oct 2022]. Available from: https://www.fda.gov/drugs/
resources-information-approved-drugs/fda-grants-ac-
celerated-approval-dabrafenib-combination-trametinib-
unresectable-or-metastatic-solid.

Wen PY, Stein A, van den Bent M, De Greve J, Wick A, de
Vos E et al. Dabrafenib plus trametinib in patients with
BRAF(V600E)-mutant low-grade and high-grade glioma
(ROAR): a multicentre, open-label, single-arm, phase 2,
basket trial. Lancet Oncol. 2022;23(1):53-64.

Wainberg ZA, Lassen UN, Elez E, Italiano A, Curigliano G,
Braud FGD, et al. Efficacy and safety of dabrafenib (D) and
trametinib (T) in patients (pts) with BRAF V600E-mutated
biliary tract cancer (BTC): A cohort of the ROAR basket tri-
al. Journal of Clinical Oncology. 2019;37(4 suppl):187-187.

Salama AKS, Li S, Macrae ER, Park JI, Mitchell EP,
Zwiebel JA, et al. Dabrafenib and Trametinib in Patients
With Tumors With BRAF(V600E) Mutations: Results
of the NCI-MATCH Trial Subprotocol H. J Clin Oncol.
2020;38(33):3895-904.

Kohno T. SY21-3 RET-altered cancers: toward tumor ag-
nostic therapy. Annals of Oncology. 2022;33:5445.

Thein KZ, Velcheti V, Mooers BHM, Wu J, Subbiah V. Pre-
cision therapy for RET-altered cancers with RET inhibi-
tors. Trends Cancer. 2021;7(12):1074-88.

RETEVMO? (selpercatinib) capsules, for oral use 2021 [cit-
ed 15 Oct 2022]. Available from: https://www.accessdata.
fda.gov/drugsatfda_docs/label/2022/213246s008Ibl.pdf.




Semir Vranic et al: BRAF Gene BRAF Inhibitors

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

FDA approves pralsetinib for lung cancer with RET gene
fusions 2020 [cited 15 Oct 2022]. Available from: https://
www.fda.gov/drugs/resources-information-approved-
drugs/fda-approves-pralsetinib-lung-cancer-ret-gene-
fusions.

Subbiah V, Wolf ], Konda B, Kang H, Spira A, Weiss J, et
al. Tumour-agnostic efficacy and safety of selpercatinib in
patients with RET fusion-positive solid tumours other than
lung or thyroid tumours (LIBRETTO-001): a phase 1/2,
open-label, basket trial. Lancet Oncol. 2022;23(10):1261-73.
Dankner M, Rose AAN, Rajkumar S, Siegel PM, Watson
IR. Classifying BRAF alterations in cancer: new rational
therapeutic strategies for actionable mutations. Onco-
gene. 2018;37(24):3183-99.

Davies H, Bignell GR, Cox C, Stephens P, Edkins S, Clegg
S, et al. Mutations of the BRAF gene in human cancer.
Nature. 2002;417(6892):949-54.

Jabbar KJ, Luthra R, Patel KP, Singh RR, Goswami R,
Aldape KD, et al. Comparison of next-generation se-
quencing mutation profiling with BRAF and IDH1 mu-
tation-specific immunohistochemistry. Am J Surg Pathol.
2015;39(4):454-61.

Pakneshan S, Salajegheh A, Smith RA, Lam AK. Clinico-
pathological relevance of BRAF mutations in human can-
cer. Pathology. 2013;45(4):346-56.

Consortium APG. AACR Project GENIE: Powering Pre-
cision Medicine through an International Consortium.
Cancer Discov. 2017;7(8):818-31.

Yi Q, Peng ], Xu Z, Liang Q, Cai Y, Peng B, et al. Spectrum
of BRAF Aberrations and Its Potential Clinical Implica-
tions: Insights From Integrative Pan-Cancer Analysis.
Front Bioeng Biotechnol. 2022;10:806851.

Gatalica Z, Bilalovic N, Palazzo JP, Bender RP, Swensen
J, Millis SZ, et al. Disseminated histiocytoses biomarkers
beyond BRAFV600E: frequent expression of PD-L1. On-
cotarget. 2015;6(23):19819-25.

Tiacci E, Trifonov V, Schiavoni G, Holmes A, Kern W,
Martelli MP, et al. BRAF mutations in hairy-cell leukemia.
N Engl ] Med. 2011;364(24):2305-15.

Badalian-Very G, Vergilio JA, Degar BA, MacConaill
LE, Brandner B, Calicchio ML, et al. Recurrent BRAF
mutations in Langerhans cell histiocytosis. Blood.
2010;116(11):1919-23.

Rustad EH, Dai HY, Hov H, Coward E, Beisvag V,
Myklebost O, et al. BRAF V600E mutation in early-stage
multiple myeloma: good response to broad acting drugs
and no relation to prognosis. Blood Cancer J. 2015;5:299.
Liu H, Nazmun N, Hassan S, Liu X, Yang ]. BRAF muta-
tion and its inhibitors in sarcoma treatment. Cancer Med.
2020;9(14):4881-96.

Seifert R, Bui M, Messina J. Mutated BRAF V600E in
Poorly Differentiated Spindle Cell Malignancies Follow-
ing the Initial Diagnosis of Melanoma in Another Site: A

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Diagnostic Challenge. American Journal of Clinical Pa-
thology. 2014;142(suppl 1):A248.

Hyman DM, Puzanov I, Subbiah V, Faris JE, Chau I,
Blay JY, et al. Vemurafenib in Multiple Nonmelanoma
Cancers with BRAF V600 Mutations. N Engl ] Med.
2015;373(8):726-36.

Adashek JJ, Menta AK, Reddy NK, Desai AP, Roszik J,
Subbiah V. Tissue-Agnostic Activity of BRAF plus MEK
Inhibitor in BRAF V600-Mutant Tumors. Mol Cancer
Ther. 2022;21(6):871-8.

Gatalica Z, Burnett K, Bender R, Feldman R, Vranic S,
Reddy S. BRAF mutations are potentially targetable alter-
ations in a wide variety of solid cancers. European Journal
of Cancer. 2015;51:531-S.

Gatalica Z, Xiu J, Swensen J, Vranic S. Comprehensive
analysis of cancers of unknown primary for the biomark-
ers of response to immune checkpoint blockade therapy.
Eur ] Cancer. 2018;94:179-86.

Sholl LM. A narrative review of BRAF alterations in hu-
man tumors: diagnostic and predictive implications. Pre-
cision Cancer Medicine. 2020;3.

Yeh I, von Deimling A, Bastian BC. Clonal BRAF
mutations in melanocytic nevi and initiating role of
BRAF in melanocytic neoplasia. J Natl Cancer Inst.
2013;105(12):917-9.

Choueiri TK, Cheville ], Palescandolo E, Fay AP, Kantoff
PW, Atkins MB, et al. BRAF mutations in metanephric
adenoma of the kidney. Eur Urol. 2012;62(5):917-22.
Farzin M, Toon CW, Clarkson A, Sioson L, Gill AJ. BRAF
V600E mutation specific immunohistochemistry with
clone VEI is not reliable in pituitary adenomas. Pathol-
ogy. 2014;46(1):79-80.

Mendez LD, Wolsefer NS, Asa SL, Wasman J, Yoest JM,
Stojanov IJ. The diagnostic utility of BRAF VEI mutation-
specific immunohistochemistry in ameloblastoma. Mod
Pathol. 2022.

Kassab C, Zamler D, Kamiya-Matsuoka C, Gatalica Z, Xiu
J, Spetzler D, et al. Genetic and immune profiling for po-
tential therapeutic targets in adult human craniopharyn-
gioma. Clin Oncol Res. 2019;2(3):2-8.

Brastianos PK, Santagata S. ENDOCRINE TUMORS:
BRAF V600E mutations in papillary craniopharyngioma.
Eur ] Endocrinol. 2016;174(4):R139-44.

Brastianos PK, Shankar GM, Gill CM, Taylor-Weiner A,
Nayyar N, Panka DJ, et al. Dramatic Response of BRAF
V600E Mutant Papillary Craniopharyngioma to Targeted
Therapy. ] Natl Cancer Inst. 2016;108(2):djv310.

Damsky WE, Bosenberg M. Melanocytic nevi and mela-

noma: unraveling a complex relationship. Oncogene.
2017;36(42):5771-92.
Cheng L, Lopez-Beltran A, Massari E MacLennan GT,
Montironi R. Molecular testing for BRAF mutations to
inform melanoma treatment decisions: a move toward
precision medicine. Mod Pathol. 2018;31(1):24-38.

227



228

Acta Medica Academica 2022;51(3):217-231

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

Huang FW, Hodis E, Xu MJ, Kryukov GV, Chin L, Gar-
raway LA. Highly recurrent TERT promoter mutations in
human melanoma. Science. 2013;339(6122):957-9.

Yao Z, Yaeger R, Rodrik-Outmezguine VS, Tao A, Tor-
res NM, Chang MT, et al. Tumours with class 3 BRAF
mutants are sensitive to the inhibition of activated RAS.
Nature. 2017;548(7666):234-8.

Carter J, Tseng LH, Zheng G, Dudley J, Illei P, Gocke CD,
et al. Non-p.V600E BRAF Mutations Are Common Using
a More Sensitive and Broad Detection Tool. Am ] Clin
Pathol. 2015;144(4):620-8.

Menzer C, Menzies AM, Carlino MS, Reijers I, Groen
EJ, Eigentler T, et al. Targeted Therapy in Advanced
Melanoma With Rare BRAF Mutations. J Clin Oncol.
2019;37(33):3142-51.

Huo KG, Notsuda H, Fang Z, Liu NF, Gebregiworgis T, Li
Q, et al. Lung Cancer Driven by BRAF(G469V) Mutation
Is Targetable by EGFR Kinase Inhibitors. ] Thorac Oncol.
2022;17(2):277-88.

Dahlman KB, Xia J, Hutchinson K, Ng C, Hucks D, Jia
P, et al. BRAF(L597) mutations in melanoma are associ-
ated with sensitivity to MEK inhibitors. Cancer Discov.
2012;2(9):791-7.

Ross JS, Wang K, Chmielecki J, Gay L, Johnson A, Chud-
novsky J, et al. The distribution of BRAF gene fusions in
solid tumors and response to targeted therapy. Int J Can-
cer. 2016;138(4):881-90.

Zanwar S, Abeykoon JP, Dasari S, Ravindran A, Young JR,
Acosta-Medina AA, et al. Clinical and therapeutic impli-
cations of BRAF fusions in histiocytic disorders. Blood
Cancer J. 2022;12(6):97.

Jain P, Surrey LEF, Straka J, Russo P, Womer R, Li MM, et
al. BRAF fusions in pediatric histiocytic neoplasms de-
fine distinct therapeutic responsiveness to RAF paradox
breakers. Pediatr Blood Cancer. 2021;68(6):¢28933.

Chui MH, Chang JC, Zhang Y, Zehir A, Schram AM,
Konner J, et al. Spectrum of BRAF Mutations and Gene
Rearrangements in Ovarian Serous Carcinoma. JCO Pre-
cis Oncol. 2021;5:P0.21.00055.

Helgager ], Lidov HG, Mahadevan NR, Kieran MW, Ligon
KL, Alexandrescu S. A novel GIT2-BRAF fusion in pilo-
cytic astrocytoma. Diagn Pathol. 2017;12(1):82.

Brandner S. Molecular Diagnostics of Adult Glio-
mas in Neuropathological Practice. Acta Med Acad.
2021;50(1):29-46.

Sekoranja D, Pizem J, Luzar B. An Update on Molecular
Genetic Aberrations in Spitz Melanocytic Proliferations:
Correlation with Morphological Features and Biological
Behavior. Acta Med Acad. 2021;50(1):157-74.

Liu ZH, Zhu BW, Shi M, Qu YR, He X]J, Yuan HL, et
al. Profiling of gene fusion involving targetable genes

in Chinese gastric cancer. World ] Gastrointest Oncol.
2022;14(8):1528-39.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

Lassche G, van Helvert S, Eijkelenboom A, Tjan MJH,
Jansen EAM, van Cleef PHJ, et al. Identification of Fusion
Genes and Targets for Genetically Matched Therapies in a
Large Cohort of Salivary Gland Cancer Patients. Cancers
(Basel). 2022;14(17):4156.

Paoli C, Burel-Vandenbos F, Coulomb-I'Hermine A, Cros
], Pondrom M, Kubiniek V, et al. AGAP3: A novel BRAF
fusion partner in pediatric pancreatic-type acinar cell car-
cinoma. Genes Chromosomes Cancer. 2022.

Penning AJ, Al-Ibraheemi A, Michal M, Larsen BT, Cho
SJ, Lockwood CM, et al. Novel BRAF gene fusions and ac-
tivating point mutations in spindle cell sarcomas with his-
tologic overlap with infantile fibrosarcoma. Mod Pathol.
2021;34(8):1530-40.

Kao YC, Fletcher CDM, Alaggio R, Wexler L, Zhang L,
Sung YS, et al. Recurrent BRAF Gene Fusions in a Subset
of Pediatric Spindle Cell Sarcomas: Expanding the Genetic
Spectrum of Tumors With Overlapping Features With In-
fantile Fibrosarcoma. Am J Surg Pathol. 2018;42(1):28-38.

Hughes CE, Correa H, Benedetti DJ, Smith B, Sumegi
J, Bridge J. Second Report of PDE10A-BRAF Fusion in
Pediatric Spindle Cell Sarcoma With Infantile Fibrosar-
coma-Like Morphology Suggesting PDE10A-BRAF Fu-
sion Is a Recurrent Event. Pediatric and Developmental
Pathology. 2021;24(6):554-8.

Antonescu CR. Emerging soft tissue tumors with kinase
fusions: An overview of the recent literature with an em-
phasis on diagnostic criteria. Genes Chromosomes Can-
cer. 2020;59(8):437-44.

Klubickova N, Agaimy A, Hajkova V, Ptakova N, Gross-
mann P, Steiner P, et al. RNA-sequencing of myxoinflam-
matory fibroblastic sarcomas reveals a novel SND1::BRAF
fusion and 3 different molecular aberrations with the
potential to upregulate the TEADI gene including
SEC23IP::VGLL3 and TEAD1:MRTFB gene fusions. Vir-
chows Arch. 2022;481(4):613-20.

Vairy S, Jouan L, Bilodeau M, Dormoy-Raclet V, Gendron
P, Couture E et al. Novel PDE10A-BRAF Fusion With
Concomitant NF1 Mutation Identified in an Undiffer-
entiated Sarcoma of Infancy With Sustained Response to
Trametinib. JCO Precis Oncol. 2018;2:1-13.

Ogura K, Hosoda F, Arai Y, Nakamura H, Hama N, Toto-
ki Y, et al. Integrated genetic and epigenetic analysis of
myxofibrosarcoma. Nat Commun. 2018;9(1):2765.

Jain P, Silva A, Han HJ, Lang SS, Zhu Y, Boucher K, et al.
Overcoming resistance to single-agent therapy for onco-
genic BRAF gene fusions via combinatorial targeting of
MAPK and PI3K/mTOR signaling pathways. Oncotarget.
2017;8(49):84697-713.

Domen A, Paesschen CV, Zwaenepoel K, Lambin S, Pau-
wels P, Rasschaert M, et al. Excellent Response to MEK
Inhibition in an AGK-BRAF Gene Fusion Driven Car-
cinoma: Case Report and Literature Review. Anticancer
Res. 2022;42(1):373-9.




Semir Vranic et al: BRAF Gene BRAF Inhibitors

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

Schrock AB, Zhu VW, Hsieh WS, Madison R, Creelan
B, Silberberg J, et al. Receptor Tyrosine Kinase Fusions
and BRAF Kinase Fusions are Rare but Actionable Re-
sistance Mechanisms to EGFR Tyrosine Kinase Inhibi-
tors. ] Thorac Oncol. 2018;13(9):1312-23.

YuY, YuM, LiY, Zhou X, Tian T, Du Y, et al. Rapid re-
sponse to monotherapy with MEK inhibitor trametinib
for a lung adenocarcinoma patient harboring primary
SDN1-BRAF fusion: A case report and literature review.
Front Oncol. 2022;12:945620.

Fenor MD, Ruiz-Llorente S, Rodriguez-Moreno JF, Ca-
leiras E, Torrego JC, Sevillano-Fernandez E, et al. MEK
inhibitor sensitivity in BRAF fusion-driven prostate
cancer. Clin Transl Oncol. 2022.

Hendifar A, Blais EM, Wolpin B, Subbiah V, Collisson E,
Singh I, et al. Retrospective Case Series Analysis of RAF
Family Alterations in Pancreatic Cancer: Real-World
Outcomes From Targeted and Standard Therapies. JCO
Precis Oncol. 2021;5:P0.20.00494.

Grisham RN, Moore KN, Gordon MS, Harb W, Cody G,
Halpenny DF, et al. Phase Ib Study of Binimetinib with
Paclitaxel in Patients with Platinum-Resistant Ovarian
Cancer: Final Results, Potential Biomarkers, and Ex-
treme Responders. Clin Cancer Res. 2018;24(22):5525-
33.

Subbiah V, Westin SN, Wang K, Araujo D, Wang WL,
Miller VA, et al. Targeted therapy by combined inhibi-
tion of the RAF and mTOR kinases in malignant spindle
cell neoplasm harboring the KIAA1549-BRAF fusion
protein. ] Hematol Oncol. 2014;7:8.

Ros ], Baraibar I, Sardo E, Mulet N, Salva E, Argiles G, et
al. BRAF, MEK and EGFR inhibition as treatment strat-
egies in BRAF V600E metastatic colorectal cancer. Ther
Adv Med Oncol. 2021;13:1758835921992974.

Elisei R, Viola D, Torregrossa L, Giannini R, Romei C,
Ugolini C, et al. The BRAF(V600E) mutation is an in-
dependent, poor prognostic factor for the outcome of
patients with low-risk intrathyroid papillary thyroid
carcinoma: single-institution results from a large cohort
study. J Clin Endocrinol Metab. 2012;97(12):4390-8.
Pelizzo MR, Dobrinja C, Casal Ide E, Zane M, Lora O,
Toniato A, et al. The role of BRAF(V600E) mutation as
poor prognostic factor for the outcome of patients with
intrathyroid papillary thyroid carcinoma. Biomed Phar-
macother. 2014;68(4):413-7.

Barbour AP, Tang YH, Armour N, Dutton-Regester K,
Krause L, Loffler KA, et al. BRAF mutation status is an
independent prognostic factor for resected stage IIIB
and ITIIC melanoma: implications for melanoma staging
and adjuvant therapy. Eur ] Cancer. 2014;50(15):2668-
76.

Zhang Q, Liu SZ, Zhang Q, Guan YX, Chen QJ, Zhu QY.
Meta-Analyses of Association Between BRAF(V600E)
Mutation and Clinicopathological Features of Pap-

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

illary Thyroid Carcinoma. Cell Physiol Biochem.
2016;38(2):763-76.

Proietti I, Skroza N, Michelini S, Mambrin A, Balduzzi
V, Bernardini N, et al. BRAF Inhibitors: Molecular Tar-
geting and Immunomodulatory Actions. Cancers (Ba-
sel). 2020;12(7):1823.

Poulikakos PI, Sullivan RJ, Yaeger R. Molecular Path-
ways and Mechanisms of BRAF in Cancer Therapy. Clin
Cancer Res. 2022.

Ascierto PA, McArthur GA, Dreno B, Atkinson V, Lisz-
kay G, Di Giacomo AM, et al. Cobimetinib combined
with vemurafenib in advanced BRAF(V600)-mutant
melanoma (coBRIM): updated efficacy results from a
randomised, double-blind, phase 3 trial. Lancet Oncol.
2016;17(9):1248-60.

Long GV, Flaherty KT, Stroyakovskiy D, Gogas H,
Levchenko E, de Braud F et al. Dabrafenib plus tra-
metinib versus dabrafenib monotherapy in patients with
metastatic BRAF V600E/K-mutant melanoma: long-
term survival and safety analysis of a phase 3 study. Ann
Oncol. 2017;28(7):1631-9.

Welsh SJ, Rizos H, Scolyer RA, Long GV. Resistance to
combination BRAF and MEK inhibition in metastatic
melanoma: Where to next? Eur ] Cancer. 2016;62:76-85.
Michielin O, van Akkooi ACJ, Ascierto PA, Dummer R,
Keilholz U, clinicalguidelines@esmo.org EGCEa. Cuta-
neous melanoma: ESMO Clinical Practice Guidelines
for diagnosis, treatment and follow-updagger. Ann On-
col. 2019;30(12):1884-901.

Gautschi O, Milia J, Cabarrou B, Bluthgen MV, Besse
B, Smit EF, et al. Targeted Therapy for Patients with
BRAF-Mutant Lung Cancer: Results from the European
EURAF Cohort. ] Thorac Oncol. 2015;10(10):1451-7.
Wagle N, Van Allen EM, Treacy DJ, Frederick DT, Coo-
per ZA, Taylor-Weiner A, et al. MAP kinase pathway
alterations in BRAF-mutant melanoma patients with
acquired resistance to combined RAF/MEK inhibition.
Cancer Discov. 2014;4(1):61-8.

Van Allen EM, Wagle N, Sucker A, Treacy DJ, Johan-
nessen CM, Goetz EM, et al. The genetic landscape of
clinical resistance to RAF inhibition in metastatic mela-
noma. Cancer Discov. 2014;4(1):94-109.

Turajlic S, Furney SJ, Stamp G, Rana S, Ricken G, Oduko
Y, et al. Whole-genome sequencing reveals complex
mechanisms of intrinsic resistance to BRAF inhibition.
Ann Oncol. 2014;25(5):959-67.

Kakadia S, Yarlagadda N, Awad R, Kundranda M, Niu J,
Naraev B, et al. Mechanisms of resistance to BRAF and
MEK inhibitors and clinical update of US Food and Drug
Administration-approved targeted therapy in advanced
melanoma. Onco Targets Ther. 2018;11:7095-107.
Chapman PB. Mechanisms of resistance to RAF inhibi-
tion in melanomas harboring a BRAF mutation. Am Soc
Clin Oncol Educ Book. 2013.

229



230

Acta Medica Academica 2022;51(3):217-231

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

Vellano CP, White MG, Andrews MC, Chelvanambi M,
Witt RG, Daniele JR, et al. Androgen receptor blockade
promotes response to BRAF/MEK-targeted therapy. Na-
ture. 2022;606(7915):797-803.

Facchinetti F, Lacroix L, Mezquita L, Scoazec JY, Loriot
Y, Tselikas L, et al. Molecular mechanisms of resistance
to BRAF and MEK inhibitors in BRAF(V600E) non-
small cell lung cancer. Eur ] Cancer. 2020;132:211-23.
Khaliq M, Fallahi-Sichani M. Epigenetic Mechanisms
of Escape from BRAF Oncogene Dependency. Cancers
(Basel). 2019;11(10):1480.

Hall RD, Kudchadkar RR. BRAF mutations: signaling,
epidemiology, and clinical experience in multiple ma-
lignancies. Cancer Control. 2014;21(3):221-30.

Garbe C, Amaral T, Peris K, Hauschild A, Arenberger P,
Basset-Seguin N, et al. European consensus-based inter-
disciplinary guideline for melanoma. Part 2: Treatment
- Update 2022. Eur ] Cancer. 2022;170:256-84.

Dummer R, Hauschild A, Guggenheim M, Keilholz U,
Pentheroudakis G, Group EGW. Cutaneous melanoma:
ESMO Clinical Practice Guidelines for diagnosis, treat-
ment and follow-up. Ann Oncol. 2012;23 Suppl 7:vii86-
91.

Santiago-Walker A, Gagnon R, Mazumdar J, Casey M,
Long GV, Schadendorf D, et al. Correlation of BRAF
Mutation Status in Circulating-Free DNA and Tumor
and Association with Clinical Outcome across Four
BRAFi and MEKi Clinical Trials. Clin Cancer Res.
2016;22(3):567-74.

Giunta EE De Falco V, Vitiello PP, Guerrera LP, Suarato
G, Napolitano R, et al. Clinical Utility of Liquid Biopsy
to Detect BRAF and NRAS Mutations in Stage III/IV
Melanoma Patients by Using Real-Time PCR. Cancers
(Basel). 2022;14(13):3053.

Seremet T, Jansen Y, Planken S, Njimi H, Delaunoy
M, El Housni H, et al. Undetectable circulating tumor
DNA (ctDNA) levels correlate with favorable outcome
in metastatic melanoma patients treated with anti-PD1
therapy. ] Transl Med. 2019;17(1):303.

Rutkowski P, Pauwels P, Kerger ], Jacobs B, Maertens G,
Gadeyne V, et al. Characterization and Clinical Utility of
BRAF(V600) Mutation Detection Using Cell-Free DNA
in Patients with Advanced Melanoma. Cancers (Basel).
2021;13(14):3591.

Long-Mira E, Ilie M, Chamorey E, Leduff-Blanc E
Montaudie H, Tanga V, et al. Monitoring BRAF and
NRAS mutations with cell-free circulating tumor
DNA from metastatic melanoma patients. Oncotarget.
2018;9(90):36238-49.

Vanni I, Tanda ET, Spagnolo F, Andreotti V, Bruno W,
Ghiorzo P. The Current State of Molecular Testing in
the BRAF-Mutated Melanoma Landscape. Front Mol
Biosci. 2020;7:113.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

Chapman PB, Hauschild A, Robert C, Haanen JB, As-
cierto P, Larkin J, et al. Improved survival with vemu-
rafenib in melanoma with BRAF V600E mutation. N
Engl ] Med. 2011;364(26):2507-16.

Morash M, Mitchell H, Beltran H, Elemento O, Pathak
J. The Role of Next-Generation Sequencing in Precision
Medicine: A Review of Outcomes in Oncology. ] Pers
Med. 2018;8(3):30.

Freedman AN, Klabunde CN, Wiant K, Enewold L, Gray
SW, Filipski KK, et al. Use of Next-Generation Sequenc-
ing Tests to Guide Cancer Treatment: Results From a
Nationally Representative Survey of Oncologists in the
United States. JCO Precis Oncol. 2018;2:1-13.

Anwar MA, Murad F, Dawson E, Abd Elmageed ZY,
Tsumagari K, Kandil E. Inmunohistochemistry as a reli-
able method for detection of BRAF-V600E mutation in
melanoma: a systematic review and meta-analysis of cur-
rent published literature. J Surg Res. 2016;203(2):407-15.
Day F, Muranyi A, Singh S, Shanmugam K, Williams D,
Byrne D, et al. A mutant BRAF V600E-specific immu-
nohistochemical assay: correlation with molecular mu-
tation status and clinical outcome in colorectal cancer.
Target Oncol. 2015;10(1):99-109.

Bledsoe JR, Kamionek M, Mino-Kenudson M. BRAF
V600E immunohistochemistry is reliable in primary
and metastatic colorectal carcinoma regardless of treat-
ment status and shows high intratumoral homogeneity.
Am J Surg Pathol. 2014;38(10):1418-28.

Pyo JS, Sohn JH, Kang G. Diagnostic Accuracy of BRAF
Immunohistochemistry in Colorectal Cancer: a Meta-
Analysis and Diagnostic Test Accuracy Review. Pathol
Oncol Res. 2016;22(4):831-7.

.Pyo JS, Sohn JH, Kang G. BRAF Immunohistochem-
istry Using Clone VEI is Strongly Concordant with
BRAF(V600E) Mutation Test in Papillary Thyroid Car-
cinoma. Endocr Pathol. 2015;26(3):211-7.

Zhu X, Luo Y, Bai Q, Lu Y, Lu Y, Wu L, et al. Specific
immunohistochemical detection of the BRAF V600E
mutation in primary and metastatic papillary thyroid
carcinoma. Exp Mol Pathol. 2016;100(1):236-41.

Parker KG, White MG, Cipriani NA. Comparison of
Molecular Methods and BRAF Immunohistochemistry
(VE1 Clone) for the Detection of BRAF V600E Muta-
tion in Papillary Thyroid Carcinoma: A Meta-Analysis.
Head Neck Pathol. 2020;14(4):1067-79.

Rangel-Pozzo A, Dettori T, Virginia Frau D, Etzi F, Gart-
ner J, Fisher G, et al. Three-dimensional telomere pro-
files in papillary thyroid cancer variants: A pilot study.
Bosn J Basic Med Sci. 2022;22(3):481-7.

Andrulis M, Penzel R, Weichert W, von Deimling A,
Capper D. Application of a BRAF V600E mutation-spe-
cific antibody for the diagnosis of hairy cell leukemia.
Am J Surg Pathol. 2012;36(12):1796-800.




Semir Vranic et al: BRAF Gene BRAF Inhibitors

130.

131.

132.

133.

134.

135.

Wang X]J, Kim A, Li S. Immunohistochemical analy-
sis using a BRAF V600E mutation specific antibody is
highly sensitive and specific for the diagnosis of hairy
cell leukemia. Int J Clin Exp Pathol. 2014;7(7):4323-8.

Turashvili G, Grisham RN, Chiang S, DeLair DF, Park
KJ, Soslow RA, et al. BRAF(V)(600E) mutations and im-
munohistochemical expression of VE1 protein in low-
grade serous neoplasms of the ovary. Histopathology.
2018;73(3):438-43.

Gatalica Z, Vranic S, Rose I, Teresi P, Feldman R, Bender
RP. Concordance of Anti-BRAF p.V600E immunohis-
tochemistry with BRAF Gene Sequence in Solid Tu-
mors Carrying Diverse BRAF Mutations. Mod Pathol.
2016;29:454A.

Bennema AN, Schendelaar P, Seggers J, Haadsma ML,
Heineman M]J, Hadders-Algra M. Predictive value of
general movements’ quality in low-risk infants for mi-
nor neurological dysfunction and behavioural problems
at preschool age. Early Hum Dev. 2016;94:19-24.

Uguen A, Uguen M. VEI Immunohistochemistry Fails
to Detect Most of the Non-BRAFV600E Mutations in
Melanoma. Appl Immunohistochem Mol Morphol.
2016;24(10):€98-9.

Ilie M, Long E, Hofman V, Dadone B, Marquette CH,
Mouroux J, et al. Diagnostic value of immunohisto-
chemistry for the detection of the BRAFV600E muta-

136.

137.

138.

139.

140.

tion in primary lung adenocarcinoma Caucasian pa-
tients. Ann Oncol. 2013;24(3):742-8.

Lenci N, Francesco P, Scarciglia E, Fiorentino V, Schino
M, Palermo G, et al. Metanephric adenoma with BRAF
V600K mutation and a doubtful radiological imaging:
pitfalls in the diagnostic process. Med Mol Morphol.
2021;54(2):187-91.

Calio A, Eble JN, Hes O, Martignoni G, Harari SE, Wil-
liamson SR, et al. Distinct clinicopathological features
in metanephric adenoma harboring BRAF mutation.
Oncotarget. 2017;8(33):54096-105.

Phan DAT, Phung GB, Duong TT, Hoang AV, Ngo QD,
Trinh DTN, et al. The Value of BRAF VE1 Immunoex-
pression in Pediatric Langerhans Cell Histiocytosis. Fe-
tal Pediatr Pathol. 2022;41(4):558-67.

Martins-de-Barros AV, Anjos RSD, Silva CCG, Silva E,
Araujo F, Carvalho MV. Diagnostic accuracy of immu-
nohistochemistry compared with molecular tests for
detection of BRAF V600E mutation in ameloblastomas:
Systematic review and meta-analysis. ] Oral Pathol Med.
2022;51(3):223-30.

Kelppe ], Thoren H, Ristimaki A, Haglund C, Sorsa T,
Hagstrom J. BRAF V600E expression in ameloblasto-
mas-A 36-patient cohort from Helsinki University Hos-
pital. Oral Dis. 2019;25(4):1169-74.

231



232

Clinical Medicine

Narrative Review Article
Acta Medica Academica 2022;51(3):232-242
DOI: 10.5644/ama2006-124.393

The Superficial Temporal Artery: Anatomy and Clinical Significance in the Era of
Facial Surgery and Aesthetic Medicine

Dimitra Daskalopoulou, Alkis Matsas, Dimosthenis Chrysikos, Theodore Troupis
Department of Anatomy, Medical School, National and Kapodistrian University of Athens, Greece
Correspondence: ttroupis@med.uoa.gr; dimi_dsk@yahoo.gr; Tel.: + 30 210 7462002-3

Received: 13 October 2022; Accepted: 10 December 2022

Abstract

Objective. The aim of this review was to present the vascular pattern of the STA, as well as anatomical variations, and to ac-
centuate the areas which should be taken into consideration during manipulations along the course of the artery. Background.
The STA may be encountered during several aesthetic procedures on the face, and iatrogenic trauma could be an incriminat-
ing factor of diverse sequelae. The constant increase in demand for facial aesthetic procedures has rendered it imperative to
maximize safety and patient satisfaction. Methods. We conducted a narrative literature review using the electronic databases of
PubMed and Google Scholar, retrieving studies concerning the anatomy and variations of the STA. Moreover, we identified reg-
istered clinical cases presenting complications which involved the artery. Discussion. The anatomic morphology of the STA is
described and classification systems summarized, on the basis of the studies retrieved. In addition, the STA is related to defined
landmarks, and specific danger zones are emphasized. Finally, the clinical significance of the artery is reflected in registered
cases of adverse events following specific aesthetic surgeries. Conclusion. Thorough knowledge of the anatomical variability
of the STA, and awareness of the danger zones involved in aesthetic procedures, combined with intraoperative vigilance could
increase safety and minimize the advent of relevant sequelae.

Key Words: Superficial Temporal Artery ® Anatomy ® Variations ® Aesthetic Surgery ® Temporal Rejuvenation.

Introduction anatomy and clinically relevant arterial variations
are crucial for improving safety in surgical and
aesthetic procedures involving the vascularized
region.

The purpose of this article is to present ana-
tomical variations of the STA tree, assisting the

surgeon in delineating a morphological map of the

The superficial temporal artery (STA) constitutes
a terminal branch of the external carotid artery,
which surfaces posteriorly to the mandible in the
parotid gland, and crosses the zygomatic process
of the temporal bone (1-3). Large areas of the scalp
and face derive their blood supply from the STA.
The substantial overall increase in demand for
cosmetic facial surgeries, as well as minimally in-
vasive procedures, engender the need to minimize

artery and the potential danger zones that could be
encountered during facial surgical and minimally
invasive procedures. The clinical significance of

the risk of inadvertent complications and maxi-
mize safety (4, 5). This spike in demand has been
attributed to an increasing preoccupation with
virtual platforms and engagement with social me-
dia, especially during the COVID-19 pandemic (4,
6). Knowledge of the localization of the STA and
a thorough understanding of its topographical

the artery may be appreciated in the light of the
many different complications involving the STA
during facial aesthetic procedures, as described
in the literature. An assiduous knowledge of the
anatomical variability of the artery enables the
surgeon to prevent foreseeable complications, and
maximize efficacy and safety.

Copyright © 2022 by the Academy of Sciences and Arts of Bosnia and Herzegovina.



Methods

We conducted a narrative literature review using
the electronic databases of PubMed and Google
Scholar, retrieving studies related to the anato-
my and variations of the STA, published up to
July 2022. In addition, articles regarding clinical
cases in the field of cosmetic surgery presenting
complications involving the STA were included.
Associated articles cited in the reference lists of the
identified studies were also reviewed. The follow-
ing search terms were employed: superficial tem-
poral artery OR STA AND anatomy OR variations
OR plastic surgery OR cosmetic surgery OR aes-
thetic surgery OR variants OR pseudoaneurysm
OR arteriovenous fistula OR bleeding OR rhytid-
ectomy OR facelift OR fat-grafting OR otoplasty
OR hair transplantation OR filler, temporal AND
augmentation OR rejuvenation OR filler OR lift-
ing OR hyaluronic acid. All evaluated articles were
written in English.

The studies were categorized according to type,
and data concerning the ethnicity of the popula-
tion, the morphology and identified anatomical
variations of the arteries were collected. With re-
spect to the pertinent anatomy, a number of dan-
ger zones were suggested by different authors,
aiming at facilitating safer dissections.

In the second part of the review, the clinical rele-
vance of the STA in the field of aesthetic surgery was
studied by identifying cases associated with compli-
cations arising from manipulation in areas vascu-
larized by the STA and its variants. Cases involving
the development of pseudoaneurysm or arteriove-
nous fistula of the STA following punch autograft
hair transplantation were excluded, given the fact
that this specific technique has been relinquished
due to the overall drawbacks of the procedure.

Results

A total of 19 studies that could provide appropri-
ate data were included in our review. The morpho-
logical tree of the STA was mainly described in 4
studies and respective classifications were formed,
whereas variations concerning additional, atrophic

Dimitra Daskalopoulou et al: The Superficial Temporal Artery in Facial Surgery

or absent branches were displayed in an additional
5 studies. Differences in the ethnicity of the popu-
lations studied were related to deviations in the
branching patterns. Interestingly, a larger number
of cases of African ethnicity showed the presence
of double parietal or double frontal branches, in
comparison to other ethnicities. Cases of trifur-
cation were also reported. Consequently, the eth-
nic background of a patient should be taken into
consideration, as multiple vessels could be en-
countered during dissection. Ethnic differences
were also observed in the levels of the division of
the STA in relation to the zygomatic arch, which
was the point of interest in 13 studies (Table 1).
A greater percentage of arteries bifurcated on the
level of the zygomatic arch among the Caucasian
population compared to African and Asian eth-
nicities, which were associated with bifurcation
points above the zygomatic arch. Such differences
should be contemplated during the planning of
procedures such as rhytidectomy.

Moreover, the majority of the anatomical pat-
terns of the artery was inconsistent between the
two sides of the same person. The anatomical pat-
tern of the frontal branch of the superficial tempo-
ral artery (FBSTA) was determined in 3 studies in-
troducing classification systems with regard to its
branching structure, whereas 10 studies presented
a topographical mapping of the STA in relation to
defined landmarks.

In the context of understanding the implication
of the artery in adverse events following aesthetic
surgery, we identified 15 relevant clinical cases
(Table 2). The formation of an arteriovenous fis-
tula of the superficial temporal vessels or a pseu-
doaneurysm as well as bleeding were the most
common complications following surgery, espe-
cially after rhytidectomy and malarplasty. Vascular
complications concerning the ophthalmic as well
as the cerebral arteries were, however, often en-
countered after autologous fat-grafting. Surgeons
should reflect on the possibility of these sequelae,
and delve into the anatomy and variations of the
vessels, considering the suggested danger zones
as well, before engaging on manipulations in the
frontal and temporal region.
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Table 1. The Bifurcation

Point of the STA"

The zygomatic arch

Author and year Ethnicity

Above (%) Over (%) Below (%)
Pinar, 2006 (2) Caucasian 741 222 3.7
Stock A, 1980 (3) American 60 32 8
Jean-Philippe H, 2021 (7) Caucasian 61.5 26.9 1
Koziej M, 2019 (8) Caucasian 75.6 9.7 14.7
Medved F, 2015 (9) Caucasian 60 26 3
Mwachaka P, 2010 (10) African 80 13.3 6.7
Marano S, 1985 (11) American 96 4 =
ChenT, 1999 (12) Asian 86.5 3.8 9.6
Kim B, 2013 (13) Asian 82.6 10.1 7.2
Kuruoglu E, 2014 (14) Caucasian 40 58 2
TayfurV, 2010 (15) Caucasian 62 38 -
Cobb M, 2016 (16) American 96 4 -
Rusu M, 2021 (17) Caucasian 87 11.6 1.4

“The superficial temporal artery.

Table 2. Complications Involving the STA Following Aesthetic Surgeries

Author and year Procedure Complication
KimY, 2010 (18) Intraoral mandibular angle ostectomy Bleeding
Owsley T, 2009 (19) Otoplasty Bleeding

Grazer F, 1992 (20) Facelift Late bleeding
Goldwyn R, 1990 (21)  Facelift Late bleeding

Lin K, 2004 (22) Facelift Pseudoaneurysm

Wang D, 2014 (23)

Autologous fat-grafting

Cerebral infarction, embolism of internal and external
carotid arteries

Shen X, 2016 (24)

Autologous fat-grafting

Cerebral infarction, embolism of external and internal
carotid arteries

Thaunat O, 2004 (25)

Autologous fat-grafting

Cerebral infarction, embolism of anterior cerebral artery

Kominami S, 2012 (26)

Facelift

Arteriovenous fistula

Hua C, 2018 (27)

Rhinoplasty, nasal tip-grafting with concha cartilage

Arteriovenous fistula

Wang X, 2018 (28)

Autologous fat-grafting

Cerebral infarction, embolism of STA

Hu J, 2011 (29)

Autologous fat-grafting

Cerebral infarction, middle cerebral artery embolism

LuL, 2013 (30)

Autologous fat-grafting

Chorioretinal infarction

ChenY, 2014 (31)

Autologous fat-grafting

Opthalmic artery embolism

Kim J, 2015 (32)

Reduction malarplasty

Arteriovenous fistula

Discussion

The superficial temporal artery (STA) courses in-
side the superficial temporal fascia, which is an
extension of the galea and the muscular aponeu-
rotic system of the face, and usually bifurcates

into two branches: an anterior frontal branch
and a posterior parietal branch (7, 33, 34). Apart
from the main branches, the STA gives rise to the
transverse facial, zygomatico-orbital, auricular
and middle temporal arteries (8). As it approaches
the temporal crest, the STA traverses layer 2 (the




subcutaneous plane) reaching the occipitofrontalis
muscle in the forehead (33).

Branching patterns of the superficial temporal
artery

The morphological tree of the STA and its main
branches have been described on the basis of ca-
daver studies and radiological examinations, and
respective classifications have been configurated

Table 3. Retrieved Studies and Their Characteristics
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by various authors (Tables 3 and 4). Medved et
al. introduced a classification system of the ana-
tomical variations of the STA, depending on the
terminal branching pattern. According to this
classification system, five types of STA were recog-
nized, with eleven variations (9). Specifically, type
A referred to the classic pattern where the main
trunk divides into a frontal and a parietal branch,
whereas type B concerned additional branches, ei-
ther frontal (B1) or parietal (B2), or both branches

Author and year Ethnicity Type of study Arteries (N)
PinarY, 2006 (2) Turkey Cadaver 27
Stock A, 1980 (3) USA Cadaver 15
Stock A, 1980 (3) USA Radiological 25
Jean-Philippe H, 2021 (7) Belgium Radiological 114
Koziej M, 2019 (8) Poland Radiological 419
Medved F, 2015 (9) Germany Radiological 93
Mwachaka P, 2010 (10) Kenya Cadaver 60
Marano S, 1985 (11) USA Cadaver 50
Chen'T, 1999 (12) China Cadaver 52
Kim B, 2013 (13) Korea Radiological 70
Kuruoglu E, 2014 (14) Turkey Radiological 53
TayfurV, 2010 (15) Turkey Cadaver 26
Cobb M, 2016 (16) USA Radiological 25
Rusu M, 2021 (17) Romania Radiological 86
Manoli T, 2016 (35) Germany Radiological 76
Lee J, 2015 (36) Korea Cadaver 64
Hong W, 2020 (37) China Radiological 107
Kleintjes W, 2007 (38) South Africa Cadaver 60
Imanishi N, 2002 (39) Japan Cadaver 30
Lei T, 2005 (40) China Cadaver 30

Table 4. Anatomical Variations of the STA"

Author Classic (%) DF/PB* (%) Trifurcation (%) AF/PB* (%) AF/PB* (%)
Jean-Philippe H, 2021 (7) 737 26.3 - = =

Koziej M, 2019 (8) 11.4 14 - 11.2 76
Medved F, 2015 (9) 39.8 8.6 = 10.7 22.6
Mwachaka P, 2010 (10) 53.3 40 6.7 - -

Marano S, 1985 (11) 66 12 - 8 8

Rusu M, 2021 (17) 80.2 = = 19.8 =

Manoli T, 2016 (35) 40.8 9.2 - 9.2 31.6

“The superficial temporal artery; 'Double frontal/parietal branch; *Absent frontal/parietal branch; SAtrophic frontal/parietal branch.
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(B3). In type C, atrophic branches were noted ei-
ther as frontal (C2) or parietal (C1), or both (C3).
Subsequently, type D lacked bifurcation, while the
STA followed a frontal (D1) or a parietal course
(D2). Finally, type E was characterized by the pres-
ence of an additional superior auricular artery em-
anating from the main trunk (E1) or the parietal
branch (E2) (9).

On the basis of this classification, Manoli et al.
concluded that the anatomical morphology of the
STA in the same person is random. Interestingly,
in only 26% of the studied cases was the branching
pattern consistent on both sides (35). Mwachaka et
al. examined the anatomy of 30 cadavers of Kenyan
ethnicity, and reported 4 branching patterns. The
classical bifurcation was observed in 53.3% of cas-
es, while double frontal branches were reported in
26.7% of the cadavers, and double parietal branch-
es in 13.3% of the cadavers. Remarkably, two cases
of trifurcation were identified (10). Compared to
other relevant studies, deviations in the branching
pattern were related to ethnic differences. Marano
et al. proposed a classification in 1985 depending
not only on the number of branches but also their
diameter, as well as the diameter of their common
trunk, rendering those with diameter <Imm atro-
phic, and the position of the bifurcation in relation
to the zygoma. No additional superior auricular
artery was reported at the time (11).

The temporal region constitutes a target for re-
juvenation techniques, rendering the FBSTA vul-
nerable to trauma. Lee et al. classified the FBSTA
into two categories depending on the number of
branches and their course in relation to the frontal
belly of the occipitofrontalis muscle. In type I, a
single frontal branch reached a single point on the
lateral aspect of the frontal belly (Ia) or issued two
branches before traversing the frontal belly (Ib).
On the other hand, type II arteries consisted of a
double frontal branch, which either coursed above
the borders of the orbicularis oculi muscle (IIa)
or were covered by the muscle (IIb). Remarkably,
the type I structural pattern was found in 96.9%
of cases (36). Hong et al. published a study of 66
cadavers, differentiating the FBSTA into two types
depending on their course over the temporal crest.

89.7% of the arteries turned abruptly by almost 90°
upon traversing the temporal crest, whereas 10.3%
of them supplied the superior portion of the fore-
head, turning by a lesser degree (52.3°) (37).
According to Kleintjes et al., the FBSTA reach-
es the forehead at various transverse levels along
a vertical line traversing the lateral orbital rim. In
this region, the FBSTA usually issues an ascending
branch and a transverse branch, described as the
ascending frontal artery and the transverse frontal
artery, respectively (38). An anastomosis was often
reported between the oblique branch of the supra-
orbital artery and either the transverse frontal ar-
tery or the FBSTA. Notably, the frontal branches
anastomose on the galea on the forehead, as well as
with the supraorbital and supratrochlear arteries
(2, 33). Additionally, perforating branches origi-
nating from the FBSTA were observed in a circular
area, with a radius of approximately 9 mm situated
40.5 mm laterally from the midline, and 53.6 mm
superior to the supraorbital rim (41).
Traditionally, the STA divides into its termi-
nal branches at a point about 5 cm above the zy-
gomatic process of the temporal bone. According
to a meta-analysis conducted by Koziej et al., 79.1
% of STAs bifurcated above the zygomatic arch,
11.1% of cases on the arch and 6.7% of them be-
low the arch (42). Morphological differences in the
anatomic distribution of the STA with regard to
the zygomatic arch were ascertained in a cadaver
study of the Chinese population in comparison to
corresponding studies in Caucasian adults. Chen
et al. observed a classical bifurcation pattern above
the zygomatic arch in 86.5% of cases, while 3.8%
of the STAs issued their terminal branches on the
zygomatic arch and 9.6% below that level (12). A
similar distribution was demonstrated in a cadaver
study of African ethnicity by Mwachaka et al. (80%,
13.3%, 4%), as well as in a radiological study of
Korean patients by Kim et al. (82.6%, 10.1%, 7.2%)
(10, 13). Studies on Caucasian patients showed dif-
ferences in this distribution. Specifically, Stock et
al. found a bifurcation above the zygomatic arch
in 60% of cases, over the arch in 32% and below it
in 8% of cases (3). Similar results were published
by Kuruoglu et al. (58%, 40%, 2%), Tayfur et al.




(62%, 38%) and Pinar et al. (74.1%, 22.2%, 3.7%),
Hardy et al. (61.5%, 26.9%, 11.54%) (2, 7, 14, 15).
According to Imanishi et al. the terminating points
of the STA are mainly located in the posterior
fourth of the area between the external canthus
and the root of the helix, or near this region (39).
Cobb et al. studied the course of the STA
around the zygomatic arch, discovering a charac-
teristic “C shaped half-buttonhole configuration”
when the artery is traced over the zygomatic arch
(96% of STAs studied). In two cases the STA was
located posterior to the condylar process of the
mandible (16). Furthermore, a radiological study
of 43 patients in 2021 showed that the STA was
documented to be retrocondylar in 65.1% of cases.
The rest of the arteries were located laterally to the
mandibular condyle (laterocondylar). The same
study demonstrated the existence of kinking and
coiling of the STA in 88.4% of the patients (17).
Surgeons need to be aware of these structural vari-
ability to avoid injury during lateral approaches.
A transverse facial artery was discovered in all
specimens in a cadaver study published by Pinar
et al., whereas 22.2% issued no zygomatico-orbital
artery (ZOA). Interestingly, the zygomatico-orbit-
al artery emanated from the FBSTA in cases where
the bifurcation point of the STA was over the zygo-
matic arch (2). According to a recent study by Park
et al., the ZOA was identified in 85.2% of cases,
branching from the FBSTA and coursing within

Table 5. Distance of STA" to Specific Landmarks (in cm)

Dimitra Daskalopoulou et al: The Superficial Temporal Artery in Facial Surgery

+1cm along a line demarcated by the tragus and
the superciliary arch. Occasionally, the ZOA bifur-
cates from the middle temporal or parietal branch
of the STA. Due to its connection to the supraor-
bital artery and the lacrimal artery, the course of
the ZOA is considered a danger zone during filler
treatment (43).

Landmarks for Identifying Its Course

The location of the STA has been defined accord-
ing to distinct anatomical landmarks, specifically
the tragus or bony external auditory canal, the
zygomatic arch and the lateral canthus (Table 5).
The distance measured between the STA and the
tragus was 16.68+-0.35 mm in a study by Pinar et
al. (2). On the eye-tragus-line, the location of the
artery was measured at 15.55+-4.5 mm in front of
the tragus (7). Furthermore, the STA was found
to be located 12.31+-12.83 mm away from the
zygomatic arch in a study published by Hardy et
al. Regarding the level of its course, the STA was
found to run within a depth of approximately 2.31
mm, while the bifurcation point was identified
within a depth of 3.25 mm (7, 44). Remarkably,
differences were reported in other studies which
were also attributed to ethnic variability (7, 10, 13).

Chen et al. suggested that the distance of the
incision from the external auditory canal during
facelift procedures should be shorter than 1 cm, in

Tragus Bifurcation to ZA* EA¥ BEAC®
Author and year

Mean+SD Mean+SD Mean+SD Mean=+SD
Pinar, 2006 (2) 1.68+0.03 =
Stock A, 1980 (3) = 1.39+0.29 0.94+0.38
Jean-Philippe H, 2021 (7) - 1.23+£1.28 -
Koziej M, 2019 (8) - 2.38+1.14 (center)
Mwachaka P, 2010 (10) 4.41+1.85 5.08%2.09 (center) - -
Chen'T, 1999 (12) = 1.22+0.79 1.14+0.32
Kim B, 2013 (13) - 2.17+1.58 (superior margin) - -
Kuruoglu E, 2014 (14) - 1.4140.77 (superior margin) - -
TayfurV, 2010 (15) = 1.2-2.3 (superior margin) = -
Lee J, 2015 (36) 1.72+0.82 =

“The superficial temporal artery; 'The zygomatic arch; *Ear attachment; Bony external auditory canal.
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order to avoid lesion of the STA (12). The position
of the temporal branches of the facial nerve can be
predicted depending on the location of the FBSTA
with regard to the superior orbital rim, and thus
protected during a rhytidectomy procedure (40).
Traditionally, the temporal branches can be traced
1-2 cm anteriorly and inferiorly to the FBSTA,
however a minority of cases present a course just
inferior to the FBSTA (45). Nevertheless, the galea
separates the artery from the temporal branch, as
the latter is located in the subgaleal fat pad (46).

Location of Safe and Danger Zones

The use of fillers has become a significant part of
our armamentarium in the treatment of patients
seeking rejuvenation (47). However, an increased
incidence of adverse events has been noted along-
side the widespread use of filler treatment, while a
turn from 2-dimensional management of wrinkles
to 3-dimensional treatment of the entirety of the
face gives rise to the amplified risk of vascular com-
promise (47). Precise injection techniques using
anatomical landmarks, as well as detailed knowl-
edge of the target regional anatomy, are of outmost
importance in order to maximize safety (48, 49).
Various studies have elucidated areas of interest
along the course of the STA, emphasizing the need
to be aware of them during surgical procedures
and aesthetic manipulations (8). These areas are
referred to as danger zones. Koziej et al. detected
a triangular artery-free region, using the zygomat-
ic bone as an anatomical landmark. The vertical
and horizontal sides are formed by the zygomatic
bone, and the superior, oblique side consists of the
FBSTA. The artery-free zone extends 25.7 mm on
the vertical plane and 31.4 mm on the horizontal
plane (8). However, a large number of perforators
of the middle temporal vessels can be encountered
in the anterior half of the lower temporal compart-
ment, that is, the area of the loose areolar tissue
layer below the inferior temporal septum, as well
as the temporal branches of the facial nerve and
the sentinel vein (50). Therefore, it is crucial to
ensure that manipulations are limited to the level
above the temporoparietal fascia (8). Another safe

zone lies in the preauricular region that, howev-
er, extends nearly 5.6 mm in front of the external
auditory meatus. Moreover, a wide arterial zone
is situated 34.7-74.5 mm superior to the external
auditory meatus, where the parietal branch of the
STA runs. Another danger zone lies superior to the
supraorbital rim, as the FBSTA courses about 47
mm superior to this landmark, accompanied by
the temporal branches of the facial nerve, running
inferior and parallel to it (8, 51). The FBSTA runs
within the temporoparietal fascia, transitioning to
the subcutaneous plane as it approaches the bor-
der of the occipitofrontalis muscle (51). According
to Lee et al. the area located 2.5 cm lateral and 3
cm superior to the intersection point between the
vertical plane through the lateral epicanthus and
the uppermost eyebrow point comprises a danger
zone, where the FBSTA crosses the lateral border
of the occipitofrontalis muscle. A straightforward
clinical way of detecting this area is to position the
thumb between these two planes, and avoid the
part extending from the tip of the thumb to the
first interphalangeal joint (36).

Anatomical Considerations Related to the
Use of Fillers

The temporal region has a complex vascular anat-
omy owing to the multitude of vessels coursing
through its different layers, as well as the robust
arterial and venous connections to the internal ca-
rotid artery and the cavernous sinus (44, 52). The
branches of the STA and the zygomatico-orbital
artery run within the laminae of the superficial
temporal fascia, while the middle zygomatico-
temporal vein is detected within the deep fat of
the temple, between the superficial temporal fas-
cia and the deep temporal fascia (52). Thus, it is
suggested that filler treatment should take place
subcutaneously or deep in the supraperiosteal
plane (49). Interestingly, a histological study by
Chundury et al. showed that even when hyaluron-
ic acid is injected within the subcutaneous tissues,
a certain amount of it could unintentionally be
placed at deeper levels, as well as within the peri-
vascular tissues (53).




The transverse facial artery runs 2 cm superi-
orly to the zygomatic arch, and parallel to it. The
middle temporal artery emanates from the STA
above the superior border of the zygomatic arch,
and runs towards the superior border of the orbital
rim at a depth of 4.0lmm. Its cutaneous branch
courses subcutaneously. However, a muscular
branch enters the temporalis muscle at a depth
of 6.31mm (44). Vascular complications may also
arise if filler is injected into the middle temporal
vein, which is identified within the superficial
temporal fat pad approximately 2 cm superiorly
to the zygomatic arch (47, 53). Due to its large di-
ameter, deep injections should be avoided in this
area and rather be performed several centimeters
superiorly to the zygomatic arch (51, 52). The an-
terior deep temporal artery is identified in the an-
terior portion of the temporalis muscle, while the
posterior deep temporal artery runs in its middle
aspect at a depth of 14.13 mm, and communicates
with the middle temporal artery at the center of
the temporal area (44, 52).

According to De Maio et al. a safe access point
for temple volumization is located 1 cm lateral to
the temporal crest and 1 cm superior to the lat-
eral orbital rim, as the middle temporal artery and
the deep temporal artery course more posteriorly.
The filler should be injected in the supraperios-
teal plane (48). Cotofana et al. suggest six injec-
tion techniques targeting volumization and lifting
in the temporal region subdermally, in the supra-
periosteal and interfascial plane. However, the
muscular branch of the middle temporal artery,
the sentinel vein and branches of the facial nerve
could be encountered in the latter (44, 52). Huang
et al. suggest injecting in the upper temporal com-
partment and the lower temporal compartment of
the loose areolar tissue layer, entering medially to
the junction of the hairline and the temporal crest,
and avoiding the anterior half of the lower tempo-
ral compartment where the sentinel vein, perfora-
tors of the middle temporal artery and temporal
branches of the facial nerve are identified (50).
Deep injections in the lower or posterior temporal
fossa superiorly to the zygomatic arch should be
avoided (48).
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Complications Involving the Artery after
Aesthetic Surgery

Inadvertent injury to the vessels could result in
hemorrhage or in the gradual development of a
pseudoaneurysm, whose rupture could be the
cause of massive bleeding (18). Excessive use of
epinephrine locally can also lead to hematoma due
to the rebound effect as the vasoconstricting effect
dissipates (19, 20). Bleeding has occurred in cases
of otoplasty, rhytidectomy and mandibular angle
osteotomy. Another source of vascular complica-
tions could be the impingement of the artery by
a needle (36, 54). The formation of a pseudoan-
eurysm following partial transection of the artery,
or needle penetration during instillation of lo-
cal anesthetic, has also been reported (21, 22). A
pseudoaneurysm of the STA constituted a compli-
cation following rhytidectomy and thread-lifting.
Likewise, an arteriovenous fistula could form as
a result of surgical maneuvers. This complication
was observed in cases of rhytidectomy, reduction
malarplasty and retrieval of a cartilage graft as part
of a rhinoplasty procedure. The propensity for in-
jury of the STA may be explained by the lack of a
protective tissue cushion between it and the bones.
Finally, embolism and ischemic lesions of the oph-
thalmic as well as the cerebral arteries were report-
ed after autologous fat-grafting. As a result of an
inflow of fat particles, vascular obstruction could
occur, coupled with devastating consequences,
such as vision loss and cerebral infarction (36). The
presence of anastomosis between the STA, the oc-
ular artery and the facial artery, and the abundant
arterial connections between the internal and ex-
ternal carotid systems explain the embolic events
occurring by the intravasation and retrograde flow
of fat. Cases of massive cerebral infarction due to
fat embolism of the internal and external carotid
artery have been reported (23, 24, 55).

Conclusion

Thorough knowledge of the anatomical variabil-
ity of the STA, especially in the lateral forehead
region is indispensable for aesthetic surgeons, in
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line with the basic principle “first, do no harm”.
Furthermore, awareness of the danger zones in-
volved in each procedure, combined with intra-
operative vigilance, can assist surgeons, as well
as injectors, in improving safety and minimizing
the occurrence of unwanted sequelae. This review
aims to improve the surgeon’s understanding of
the anatomy and clinical relevance of the STA, and
highlight the areas that need to be safeguarded,
hence, contributing to the overall improvement of
safety during surgery and aesthetic treatment.

What Is Already Known on This Topic:

The anatomical variability of the superficial temporal artery has been
elucidated in various cadaveric as well as radiological studies. More-
over, the course of the artery has been described in relation to defined
landmarks, rendering its preservation and protection possible during
surgical procedures involving relevant areas of the face. Due to the com-
plexity of the overall vascular anatomy of the temporal region traversed
by the STA and the rising popularity of aesthetic procedures in the re-
gion, for the sake of rejuvenation, several authors have presented specific
danger zones in order to provide surgeons with anatomical pathways to
avoid injury and relevant sequelae following aesthetic manipulations in
the temporal region.

What This Study Adds:

The aim of this review was to collect the available data concerning the
anatomical particularities of the superficial temporal artery, its rela-
tionship to defined adjacent landmarks, as well as the location of danger
zones involving relevant regions of the face, which could be encountered
during aesthetic manipulations and surgical procedures of the face.
Multiple terminal branches and diverse levels of division of the artery
could have an impact on the invasive outcome as inadvertent trauma
or compression of the artery could occur. Surgeons need to be aware of
the traditional course of the artery as well as possible deviations, and
proceed with vigilance. When in doubt, preoperative confirmation of
the course of the artery can be undertaken radiologically so that the
surgeon can anticipate a familiar path during the dissection or the use of
minimally invasive facial techniques, and avoid damage to the vessels.
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Abstract

Objective. The objective of the current study was to describe the anatomical variations of vessels observed in patients with
Meckel’s Diverticulum. Methods. A narrative review of the literature was undertaken by means of the PubMed database, using
the terms: “Meckel’s Diverticulum AND vessels”, “Meckel’s Diverticulum AND anatomical variation” and “Meckel’s Diverticu-
lum variation” Classical anatomical textbooks were also used for normal anatomy. Additional articles provided useful informa-
tion in relation to the aim of this review. Hence, the articles that met the inclusion criteria were included in this review, and the
collected data were categorized into a single table. Results. The majority of studies indicated the presence of an abnormal vitel-
line artery. Other angiographic findings concerned variations of the ileal and the iliac arteries. However, the literature revealed
the presence of vascular variations without the existence of Meckel’s Diverticulum, whereas a remnant of the vitelline vein may
be present, but it is very rare. Conclusion. The detection of vascular variations accompanying Meckel’s Diverticulum is not
always easy and requires the correct choice of imaging method to prevent misdiagnosis.

Key Word: Meckel’s Diverticulum ® Anatomical Variation ® Vascular Variation = Vitelline Artery ® Vitelline Vein.

postmortem dissection for forensic medicine cases
(5). MD can be asymptomatic, but it may also ap-
pear with complications such as: hemorrhage, in-
flammation, obstruction, ulceration, perforation,
intussusception, volvulus, and neoplasms (5-7). The
vascular variations that may accompany MD can be

Introduction

Meckel’s Diverticulum (MD) was described for
the first time in 1589 by Fabricius Hildanus and is
thought to be the most frequent congenital gastro-
intestinal malformation (1-4). It is caused by the
persistence of the omphalomesenteric duct, and it is
a true diverticulum as it contains all the three layers
of the intestinal wall: the mucosa, muscularis pro-
pria and adventitia (5). A mnemonic technique is
used since MD is considered to follow “the rule of
twos™: it is present in about 2% of the general popu-
lation, more frequent in males with a predominance
2:1, it appears in the first two years of life, it contains

found during imaging, such as angiography.
The aim of this study was to review the anatom-
ical variations of the vessels in patients with MD.

Methods

An advanced executive literature search was con-

two types of mucosal, it is symptomatic in 2% of
the affected population, its length is two inches (5
cm), and it is found two feet away from the ileocecal
valve (1). The diagnosis is often made incidentally
in patients undergoing abdominal exploration sur-
gery, most commonly for acute appendicitis, or on

ducted in PubMed, Google Scholar and other avail-
able scientific websites and medical journals, using
the following terms: “Meckel’s Diverticulum AND
vessels”,
variation” and “Meckel’s Diverticulum variation”

The resulting literature was carefully screened by

Meckel’s Diverticulum AND anatomical

Copyright © 2022 by the Academy of Sciences and Arts of Bosnia and Herzegovina.

243



244

Acta Medica Academica 2022;51(3):243-248

a single investigator. Only studies in English and
referring to humans were included. No additional
search filters, such as text availability, article type
and publication date, were applied. Using the
snowballing technique, further references taken
from the initial articles with useful information re-
lating to the aim of the review were also screened
and taken into consideration. The extracted data
were classified in a table according to the type of
vascular variation and the presence of MD.

Results

The search of the literature retrieved articles with
useful information that are described in Table 1.

Most studies suggested the presence of the vitel-
line artery. Pandey et al. in their study presented
a case report of a young male diagnosed with MD
accompanied by a blood vessel touching the intes-
tine within the mesodiverticulum band, which was
suggested to be a remnant of the vitelline artery
(2). Along the same lines, Okazaki et al. reported a
young male with a bleeding MD accompanied by
a vitelline artery (8). Moreover, Miyoshi et al. also
claimed that they noticed the presence of a right
vitelline artery (9). Okazaki et al. observed in five
patients with MD that the vitelline artery appeared,
derived from the distal ileal artery, with increased
length and no branches (5). The study by Mitchell

Table 1. Eligible Studies That Correlate Meckel Diverticulum with Vascular Anatomical Variations

Researchers Year I:/lfoTyOf gaet?::trs()f Variation Z;ehj‘eDnce N (%)

Pandey et al. (2) 2016 CR’ Male Remnant of the vitelline artery Yes 1

Okazaki et al. (8) 1992 CR° Male Remnant of the vitelline artery Yes 1

Miyoshi et al. (9) 1984 CR" Male Remnant of the right vitelline artery Yes 1
Rgmnant of the vitelline artery: enlogated 5 (100)

) RS Agelks without branches

Orapm et ) 1993 5 patients 1 female Irregular tortuous vessels ves 5(100)
Capillary straining 2/5 (40)
Remnant of the vitelline artery 11/16 (69)
The vitellointestinal artery not depicted 5/16 (25)

RSt
Mitchelletal (10) 1997 16 patients’ 2", :E/::Ij/u\llzrnitjssreturn Yes %
angiograms It

Arterial deformities 2/16 (12.5)
Vitellointestinal artery without MD No 4/16 (25)

Takeda etal.(11) 1977 CR Female Abnormal ileal artery Yes 1

Hall TJ (12) 1975  CR' Male grl?cgroyrmal artery from the superior mesenteric Yes 1

Geelhoed etal.(13) 1986 CR' Male 5:2:3ement and elongation of the right iliac Yes 1

Kitsuki et al. (4) 1992 CR° Fernale E:z:)gljement and elongation of the embryonic Yes 1

Sakai et al. (14) 2006 CR Male Abnormal vitello-intestinal artery aneurysm Yes 1

Watanabe etal. (15) 2011 CR’ Male Preduodenal portal vein Yes 1

Mwila et al. (17) 2022 CR’ Female Remnant of the vitelline artery No 1

Date et al. (18) 2018 CR° Male Remnant of the vitelline artery No 1

Jaliletal. (19) 2012 CR Male Remnant of the vitelline artery No 1

Sprangenberg (20) 1819 CR’ NA* Remnant of the vitelline vein NA* 1

Buchnanetal.(21) 1940 CR’ Male Remnant of the vitelline vein NA* 1

Kleinhaus etal. (22) 1974 CR’ Male Remnant of the vitelline vein NA* 1

" Case report; f Retrospective study;* Not applicable.




etal. (10) is of great interest. The researchers stud-
ied the angiograms of 16 patients who had under-
gone resection of MD, and they observed that 11
patients (69%) had a persistent vitellointestinal ar-
tery, nine of them with MD. In these patients the
ileal arteries had branches. Other abnormal an-
giography findings included vascular blush, early
venous return, and arterial deformities.

In addition, an abnormal ileal artery was found
in a case of a bleeding MD, and in another case
an abnormal artery, derived from the superior
mesenteric arterial trunk, confirmed the diag-
nosis of MD (11, 12). Geelhoed et al. concluded
with a diagnosis of MD after angiography showed
an enlargement and elongation of the right iliac
artery, at various points in the abdomen and ery-
thematous mucosa (13). This patient had no sites
of bleeding. Another case referred to a pregnant
woman who had undergone surgery for resection
of symptomatic MD, and the preoperative imaging
revealed an artery, increased in length and width,
with no branches, that is the embryonic artery (4).
It is worth noting a case report referring to the case
of an abnormal vitello-intestinal artery aneurysm
in an asymptomatic case of MD (14). Last but not
least, Watanabe et al. described a clinical case of
MD accompanied by a preduodenal portal vein
(PDPV) (15). The PDPV is an embryonic variation
that is the result of the remnant of the ventral and
caudal anastomosis of the vitelline veins (15). The
majority of these cases are recorded in children,
and the patients are either asymptomatic or pres-
ent with high bowel obstruction (15).

However, some researchers have recorded the
presence of a residual of the vitelline artery with-
out MD (16). Mwila et al. described a case report
of a 40-year-old woman with the remnants of

Vitelline
fistula

Meckel’s
diverticulum

Figure 1. Diagrams showing vitelline duct remnants (24).

Vitelline
sinus

Dimitrios Malligiannis Ntalianis et al: Anatomy of Meckel’s Diverticulum Vessels

a vitelline artery which led to obstruction of the
small intestine (17). The patient presented with a
fibrous ileal-mesenteric band not attached to MD.
Along the same lines, Date et al. and Jalil et al. re-
corded a remnant of the vitelline artery without
MD, where the former noticed simultaneous ap-
pendicitis (18, 19). The remnant of the vitelline
vein is infrequent and, according to Miyoshi et
al,, that variation has been described in only three
cases in the literature (9, 20-22).

Discussion

The MD is thought to be formed from a residue of
the proximal portion of the yolk stalk. It is formed
when the omphalomesenteric duct, which con-
nects the midgut with the yolk stalk, does not turn
back in the seventh week of pregnancy, as by that
time the omphalomesenteric duct, the yolk sac
and the vitelline arteries have involuted (1). The
persistence of that connection leads to the forma-
tion of MD (6). In other words, the origin of MDs
is considered to be failure of obliteration of the
proximal portion of the vitelline duct (23, 24). Its
inflammation can be misdiagnosed as appendicitis
because it is close to the appendix in location (25).
The remnants of the vitelline duct are depicted in
Figure 1.

In terms of embryology, MD consists of three
anatomical parts: the omphalomesenteric duct,
two vitelline arteries and one vitelline vein (2, 17,
18). The left vitelline artery degenerates, whereas
the right remains as the superior mesenteric ar-
tery, and is the main blood supply for the MD (2).
Nevertheless, the left vitelline artery may persist.
Rutherford referred to three types of remnants of
vitelline arteries: the right vitelline artery as the

I

Vitelline
band

Umbilicus

Vitelline
cvst
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terminal part of the superior mesenteric artery,
the second type which originates near the ileoce-
cal artery as a branch from the superior mesen-
teric artery, and the third, which includes the left
vitelline artery that arises from the aorta (26). The
remnant of the vitelline vein is extremely rare, and
derives from the back wall of the umbilicus (9).
Variations of the vitelline circulation are not usual,
and they are estimated to appear in 8-15% of pa-
tients with MD. Their identification is crucial for
the diagnosis of MD and they are associated with
increased probability of a bleeding MD (2, 4, 5).
It should also be underlined that vascular varia-
tions may occur without the presence of MD (2,
19). Vascular remnants present as fibrous bands
covering the peritoneum, and they expand from
the ileal branch of the superior mesenteric artery
to the MD, or to the umbilicus (2, 19). When there
is no MD, discrimination between the remnant
of the omphalomesenteric duct and the vascular
remnant is not always easy. A vascular remnant is
suspected when the band expands from the intes-
tine to the mesenteric. Its recognition is of para-
mount importance as it can prevent hemorrhage
after surgery. Researchers have emphasized that
such bands should be considered to be vascular
remnants until proven otherwise (19). According
to Okazaki et al., the features of vitelline arter-
ies include their increased length, the absence of
branches to the ileal artery from which they are
derived, and enlarged tortuous vessels (5).

The mucosae of MD is mainly ileal. It should
be mentioned that ectopic mucosa can usually be
recorded on histological examination, and gastric
mucosa is the most common (2, 6, 19). Other less
common types of mucosa include pancreatic and
duodenal. Heterotopic mucosa is associated with the
presence of symptoms, so it has clinical significance:
for instance, acid from the gastric mucosa cells can
result in ileal ulceration, hemorrhage and inflam-
mation (2, 18). Furthermore, malignant neoplasms
have been recorded that derive from the remnant
omphalomesenteric duct (18). For instance, Martre
et al. presented a case report of a gastrointesti-
nal stromal tumor (GIST) on MD (3). Moreover,
hemorrhage is the most frequent complication,

especially in children, and in adults it can lead to
chronic anemia due to the chronic blood loss from
the gastrointestinal trunk (10, 12, 14).

The omphalomesenteric artery supplies the
MD and is represented on angiography as a lone
branch of the superior mesenteric artery (15). It
should be underlined that arteriography is help-
ful for the diagnosis of bleeding MD and, more
specifically, superselective vitelline arteriography
enables the depiction of the vitelline artery (5, 10,
13, 27). When hemorrhage is taking place, arte-
riography is the best imaging choice. MD can be
distinguished by extravasation of contrast medium
(5). When bleeding stops, the diagnosis of MD can
be made by observation of abnormal vessels, high
density due to the heterotopic gastric mucosa, or
the mesodiverticular band artery (11). It should
not be forgotten that the inability to illustrate the
vitelline artery does not exclude the diagnosis of
MD (10). Furthermore, Oglevie et al. emphasized
the importance of taking findings from other im-
aging methods into account, for instance, endos-
copy and barium series, in order to minimize the
possibility of a wrong diagnosis (28).

Limitations of the Study

Concerning the limitations of our study, it should
be mentioned that most of the research that exists
relies on case reports/small case series. Finally, it is
equally important to highlight that aneurysms and
vascular anomalies in general, even though they
are not common in the general population, are of
high clinical significance. A potential rupture of an
aneurysm can be life-threatening, and the mortal-
ity rate is estimated to be 8.5% (14). The manage-
ment of patients with a vitelline artery aneurysm
and asymptomatic MD can be treated by a mini-
mally invasive surgical procedure, if complications
occur (14).

Conclusion

Meckel’s diverticulum is present in 2% of the gen-
eral population, and the remnants of vitelline ves-
sels are even more infrequent. It should be noted




that the correct diagnosis of vitelline vascular rem-
nants is challenging, especially when comorbidi-
ties such as appendicitis are present. Fortunately,
there are many imaging procedures in the diag-
nostic armamentarium, and the careful examina-
tion and interpretation of the findings can usually
lead to a diagnosis, with high accuracy. Taking all
the above into consideration, it is obvious that sur-
geons should be aware of the existence of anatomi-
cal vascular variations and suspect them in pa-
tients with atypical abdominal symptoms, in order
not to miss the diagnosis.

What Is Already Known on This Topic:

Meckel’s Diverticulum (MD), even though it is present in only 2% of the
general public, is still one of the most common congenital anatomical
variations, but the vascular anatomical variations that may accompany
it are even more rare. The clinical picture may be confusing, leading to
misdiagnosis or failure to recognize the anatomical variations. There
are a variety of imaging methods that can be helpful for accurate diag-
nosis. However, it should be underlined that surgeons should be aware
of the probability of the presence of such variations, especially in pa-
tients with atypical symptoms. In this way the serious complications of
such vascular variations can be prevented, thereby saving patients’ lives.

What This Study Adds:

This review sums up the current literature, confirming that recognition
of the anatomical vascular variations that in some cases accompany
MD, is of high importance. This is because correct and early diagnosis
can lead to the appropriate treatment, preventing potentially life-threat-
ening complications.

Conflict of Interest: The authors declare that they have no
conflict of interest.
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Abstract

The aim of the article is to present, primarily to the medical world and also the general public, the personality and work of Masa
Zivanovi¢ (1890-1960), a pioneer in the health care of children and mothers in Bosnia and Herzegovina (BH), a health educator
and one of the leaders of the Yugoslav Women’s Rights Movement in the period between the two world wars. She was born in
Croatia (then part of the Austro-Hungarian Empire) as Maria Skopszynski, in a family of Polish-Czech origin. After studying at
the Temporary Women’s Lyceum in Zagreb and passing the matriculation exam at the boy’s High School (1909), she obtained
the title of Doctor of Medicine in Vienna (1916). Her activity in the Women’s Rights Movement has so far generally attracted
more attention from researchers than her medical work. However, this work was very important because the general and health
education of women, expectant mothers and mothers, after the two World Wars was very poor in BH, and the rates of child mor-
bidity and mortality were high. Masa Zivanovi¢ spent almost her entire working life in Sarajevo. For 30 years, she was the head
of the Dispensary for Mothers and the Children, later the Institute for Maternal and Child Health Care, into which the previous
institution grew in 1931. She was among the first followers of the new concept of “comprehensive paediatrics®, which included
social care for children, disease prevention and treatment of the sick. She successfully connected the medical mission with the
mission of a women’s rights activist, also trying to act as a health educator through articles published in the Women’s Movement
magazine (Zenski pokret). For a time, she was the president of the Society for the Education of Woman and Protection of her
Rights, i.e. the Women’s Movement, and a delegate at conferences of international feminist organizations. Conclusion. Masa
Zivanovi¢ was a physician, a pioneer in the health care of children and mothers in BH, a long-time director of the Institute for
Health Care of Mothers and Children in Sarajevo, and one of the leaders of the Yugoslav Women’s Rights Movement.

Key Words: Masa Zivanovi¢ ® Mother and child Healthcare * Women’s Rights Movement ® Bosnia and Herzegovina.

in the magazine Nova Zena. At the beginning of
her emotional text, the author, Dr. Smiljana Krsic¢,
expressed her regrets that the news about the death

Introduction

The name of Dr. Ma$a Zivanovié¢ can be found

most often in the literature on the history of
the Women’s Rights Movement in the former
Yugoslavia. The long-term activity and the promi-
nent place she occupied in that Movement seem
to have overshadowed her professional activity in
the field of child and maternal health protection,
in which she was one of the pioneers in Bosnia and
Herzegovina as well as Yugoslavia, and to which
she dedicated her professional career. Only one In
Memoriam was published when she passed away,

of Dr. Masa had gone almost unnoticed among the
citizens of Sarajevo, assuming that the cause of this
was her withdrawal from public life. Along with
a short biography, Krsi¢ emphasized Masa’s social
and cultural work (1).

That Masa Zivanovi¢ (Picture 1) was not forgot-
ten by her colleagues and the current authorities
was evident on April 28, 1961, when a memorial
plaque was ceremonially unveiled on the build-
ing of the Dispensary for Women and Children

Copyright © 2022 by the Academy of Sciences and Arts of Bosnia and Herzegovina.
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in Skerli¢eva Street in Sarajevo (2). It read: “We
proudly remember the great and modest pioneer
of women’s and children’s health care in Bosnia and
Herzegovina, a tireless fighter for women’s rights
and a bright figure of the long-time head of this in-
stitution, Primarius Dr. Masa Zivanovi¢” (Picture
2). Today, after more than 60 years, there is no lon-
ger a Dispensary for Women and Children in the
building, there is no memorial plaque, and no trace
of what happened to it. There are only the memo-
ries of rare elderly residents of Sarajevo and a photo
of the memorial plaque preserved in the family ar-
chive of the descendants of Dr. Masa Zivanovié.

In 1966, Milan Glibonjski, a teacher, journal-
ist and prominent advocate of the idea of Yugoslav
unification in the first decades of the 20™ century,
wrote down his memories, dedicating them “To
the shadow of the late Dr. Masa Zivanovié, former
supervising physician at Osijek hospital” He de-
scribed an event from the end of the First World
War in which Masa played an important role.
In September 1918, it was already clear that the
Austro-Hungarian Empire was losing the war, but
Picture 1. Masa in the mid-1930s. Archives of Masa it still ruled its territory. In the garrison in Osijek,
Zivanovic, with permission of the family. Yugoslav-oriented officers were preparing a re-

bellion, and one second lieutenant,
P . RETE ae a Croat, publicly insulted the city
i
t k

commander, a Hungarian lieutenant
colonel. Therefore, it was necessary
to save his life. Glibonjski, who was
a member of a secret revolutionary
organization linked to the leaders of
the Serb-Croatian coalition, asked
Masa for help. Putting her own life
in danger, she agreed to provide a
shelter in the hospital for the young
officer. Thanks to Masas courage
and nobility, his life was saved (3).
In the Second World War, Masa
participated as a volunteer, joining
the National Resistance Movement
(Yugoslav Army) on August 23,

| SA PONOSOM SE SJE@AM@ VELIKOGA
SIROMNOG PIONIRA ZDRAYSTVENE ZASTITE
ZENE 1 DJETETA U BOSNI [ HERGEGOVINI |

NEUMORNOG BORCA ZA PRAVA ZENE [
SVJETLOG LIKA DUG0GODISNIEG
RUKOVODIOCA OVE USTANGVE
PRINARIUSA DL MASE ZIVANGVIG

| ¢ KOLEKTIV SRESKC6 DISPANZERA o
3 ZA iﬁm I DJECU 5&3&&5% & ‘- 1 1944. For the next nine months, she

Picture 2. A memorial plaque was unveiled on April 28, 1961, at the building perf(.)rrned TnedlcaI duties lr.l 1.nthary
of the Dispensary for Women and Children in Sarajevo, Skerliceva 1 (today Jo- medical units (4). Her participation,
sip Vancas Street). Archives of Ma3a Zivanovi¢, with permission of the family. however, was not recorded in Vera
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Gavrilovi¢s famous work Women
Doctors in the Wars in Yugoslavia
from 1876 to 1945 (1976) (5).

Masas name is mentioned in
the books Women Heroes (1967)
(6) and Women of Yugoslavia in the
Workers’ Movement and Women's
Organizations, 1918-1941 (1978)
(7). Short biographical notes were
published in the book Recorded:
Women and Public Life of Bosnia
and Herzegovina in the 20™ Century
(2014) (8), as well as in the article
Kornelija Raki¢: A Woman Doctor for
Women and Children in Serbia and

Fozdrau iz Hroda n. Savi

Gradska putha utiona

Picture 3. Brod na Savi “Public High school” With permission of the Museum

of Brodsko Posavlje, Slavonski Brod, Croatia.

Bosnia and Herzegovina (2021) (9).

More comprehensive biogra-
phies of Maga Zivanovi¢ have only
appeared in recent years, six decades
after her death. Her biography, given
alongside the biography of her hus-
band, Dr. Teodor Zivanovi¢, was
published in 2018 by the historian
Goran Miloradovi¢ (10). The follow-
ing year, an extensive study by Sonja
Dujmovi¢ was published, in which
the author devoted equal atten-
tion to the study of and insight into
Masa’s personality, and her profes-
sional and social activities, as well as
her role in Bosnian society (11). Two
years later, in the Proceedings of the
International Scientific Conference on
the Women’s Movement Magazine,
Masa’s biography, largely based on her notes and
memories preserved in the family archive, was
published by her great-granddaughter, Masa
Miloradovi¢ (12). More recent are contributions
at scientific meetings and articles in which Masa’s
name was mentioned in the context of the activi-
ties of the Little Entente of Women (13) as well as in
the context of the personal, friendly ties she main-
tained with Milica Bogdanovi¢, her former teacher
from the Zagreb Lyceum (14, 15, 16).

Since we were unable to find an article about
Dr. Masa Zivanovi¢ in medical journals and

Picture 4. Final

- — i -
[ R —

(Slavonski
Brod) with teachers, in 1906. Masa is in the middle row, third from the right.
Archives of Ma3a Zivanovi¢, with permission of the family.

(8" grade of Higher Primary School in Brod na Savi

publications on the history of medicine, the aim of
this article is to present her personality, work and
achievements primarily in relation to the medical
world, but also the general public.

Zivanovi¢’s Short Biography

Masa Zivanovi¢ was born on December 14, 1890
in Delnice (then the Triune Kingdom of Croatia,
Slavonia and Dalmatia, as part of the Lands of the
Crown of St. Stephen in the Austro-Hungarian
Empire), now Croatia, as Maria Skopszynski (12).
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Picture 5. Invitation to the graduation ceremony at the Faculty of Medicine
in Vienna. Archives of Masa Zivanovi¢, with permission of the family.

LAt

Picture 6. Maga Zivanovi¢ in the hospital in Osijek 1916-1917. With
permission of Archive of Masa Zivanovi¢ (Family owned).

Her father, Teofil Skopcsinsky, was
Polish,! and her mother, Otilija, a
Czech, née Polak. She graduated
from teacher training school but
did not work as a teacher. She was a
housewife and a caring mother who
educated and raised her children
from their earliest childhood.

In addition to Maria, who was
the oldest child, Teofil and Otilija
had five more children. Despite their
father’s limited clerical income, all
the children received a solid educa-
tion (12). Masa began her education
in Gospi¢ in 1897, where her father
was employed as a civil engineer in
the area of the district, but as early
as 1900, the family moved to Brod
na Savi (Picture 3), today Slavonski
Brod, Croatia, where Ma$a contin-
ued her education and graduated
from the Public High School in 1906
(Picture 3) (17).

In the autumn of the same year,
Masa’s mother took her to Zagreb,
where Masa continued her educa-
tion at the Temporary Lyceum for
Girls, which she successfully com-
pleted in 1909, along with passing
the matriculation exam at the Boys’
High School in Zagreb, in order to
gain the right to enrol in the Faculty
of Medicine (4). Many years later, in
July 1950, Masa wrote that her depar-
ture to Zagreb to study was accom-
panied by the “general disapproval of
all relatives and acquaintances” who
“predicted a terrible future, corrup-
tion, and misfortunes” (18).

She began her studies of medicine
at the Faculty of Medicine in Vienna
in the winter semester of 1909. She
graduated as Doctor of General
Medicine from the same faculty on
July 4, 1916 (4) (Picture 5).
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Picture 7. Sarajevo at the time when Masa Zivanovi¢ started there. Published
with kind permission of the Bosniak Institute - Adil Zulfikarpasic Foundation.

BIOLOGY OF SEX

FOR

PARENTS AND TEACHERS

BY

T. W. GALLOWAY Pu.D,

NEW EDITION REVISED

LONDON

D. C. HEATH & COMPANY

30-41 PARKER STREET KINGSWAY W.C,
A.ND AT SYDNEY

Picture 8. A book cover from Dr. Maga Zivanovi®s library.
With the permission of the Museum of Science and Tech-
nology—Belgrade.

During her studies in Vienna,
Maria Skopszynski met Teodor
Zivanovi¢ from Zagreb, who was
also a medical student and her future
husband. During their studies, they
completed one semester together
at the Universities of Lausanne and
Innsbruck. Just before the begin-
ning of the First World War in 1914,
Maria and Teodor were married in
Zagreb (19). In the new environ-
ment, she changed her family nick-
name Mici (Mitzi) to Masa and she
signed her name in that way from
then on in her private and official
life, and she freely chose to replace
her undecided nationality with the nationality of
the Serbian people. After the outbreak of the First
World War in 1914, Teodor and other students at
the Vienna Medical Faculty were mobilised into
the Austro-Hungarian army and sent to the front,
and Masa successfully continued her medical
studies after the birth of their first child.

After her graduation at the end of the same
month, Ma$a started work as an assistant at the
National Maternity Hospital in Zagreb, where she
remained until February 1917 (20). From March
to October of the same year, she was employed
at the Municipal Hospital in Slavonski Brod (21),
and from November 1917 to November 1918, she
worked at the Foundation Hospital in Osijek (22).
It is interesting to note that the work of Dr. Masa
was rated very highly in these institutions, and her
humane work with the patients and the creation of
deep trust and gratitude towards her were empha-
sized. In recommendations for her future employ-
ment, the high rating of her knowledge, diligence,
conscientiousness, and ability for independent
medical work were emphasised (20, 22).

In March 1919, she went to Sarajevo (Picture
7), where she began her brilliant career in the field
of social care for children, and disease prevention
and treatment. She stayed in Sarajevo until a few
months before her death in 1960, except for the
period of the Second World War, when she was
forced to flee to Serbia with her family.

&
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Throughout her education, Dr. Masa Zivanovié¢
was consistently ranked among the top students.
She spoke German, French and English, and as a
doctor educated abroad, she used foreign medical
literature (Picture 8). To acquire new paediatric
knowledge, she collaborated with world medi-
cal institutions, and she was equally interested in
the protection of women’s reproductive health. In
the 1930s, she corresponded with Dr. Hannah M.
Stone (1894-1941),> a well-known campaigner
for women’s reproductive rights and an associate
of Margaret Sanger (1879-1966), a founder of the
movement to legalise birth control.* As a doctor,
she established cooperation with top paediatri-
cians in Yugoslavia at that time and beyond, with
whom she exchanged experiences and opinions,
and thus gained new insights (23).

A few months before her death, already seri-
ously ill, she moved from Sarajevo to Belgrade for
treatment, where her older daughter lived at the
time. She died on August 12, 1960, and was bur-
ied at the New Cemetery in Belgrade. Her last
wish, to be cremated, could only be fulfilled a few
years later, because the first crematoria in Belgrade
and Yugoslavia were not opened until 1964. Her
younger daughter lived with her family in Sarajevo
until 1967.

Zivanovic’s Professional Activities
in Sarajevo

Dr. Masa Zivanovi¢ spent the ma-
jority of her career in Sarajevo. She
belonged to a group of doctors who
worked in the periods immediately
after the First and Second World
Wars. Those times were character-
ized by the poor general and health
education of the people, their poor
health and sanitary conditions, poor
nutrition, especially of the rural
population, the frequent occurrence
of various infectious diseases that
had the characteristics of epidem-
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shortage of health care personnel. The effect of this
situation on the health of the child population was
reflected in the occurrence of various infectious or
non-infectious diseases, which resulted in a high
rate of infant mortality in those periods.

From March 1919 to March 1922, she worked
as a childrens doctor in the Municipal Health
Service, and from July 1923 to May 1924, as a doc-
tor in the Pasteur Institute (4). In the mid-1920s,
in addition to her regular duties, she also managed
the work of the Sarajevo School for Nurses, which
began operations in 1923. The school was a board-
ing school, located in a separate building in the
grounds of the hospital. The classes, which were
held in the form of six-month courses in those
years, were attended by an average of about six
participants (24).

After her education with the help of state schol-
arships in Switzerland and France in 1920 and in
Austria, Czechoslovakia, France, England, and
Belgium in 1924, where she was acquainted with
the organisation and work of children’s institutions,
she was appointed a doctor and head of the newly
founded institution known as the Dispensary for
Mothers and Children in Sarajevo. This institution,
known under the abbreviated name the “Children’s
Dispensary”, was founded by the Inspectorate of
the Ministry of Public Health in Sarajevo with the
intention of “socially and hygienically” protecting
children’s health, not only after birth but while the
child was still in the mother’s womb (25).

" rilu.l.lm
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ics, the insufficient number of pri-
mary health care institutions, and a

Picture 9. The Dispensary for Mothers and Children on Musala Street in Sa-
rajevo, c. 1925.
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The patients of the Childrens Dispensary were
pregnant women, mothers in labour, infants, and
children of preschool age. In the first year, one doctor
and two visiting nurses were employed, who worked
alternately one day in the Dispensary and the other
day making home visits. The work took place main-
ly in Sarajevo, although visits to small nearby towns

Special attention was paid to the work of the
visiting nurses, who were required to visit all reg-
istered newborns and children who had already
been examined in the dispensary. It was necessary
to get in touch with the mothers as soon as possible
after the birth and warn them not to use previously
acquired bad habits in terms of child care, that is,
to familiarise the mothers with the procedures of
proper care of the newborn, and invite them to
come to the dispensary with the child as soon as
they recovered and not to only come when the
child was in pain. Visiting nurses were supposed
to demonstrate practically the procedures for car-
ing for a newborn, write a social map of the family,
record their observations, and hand it all over to
the doctor at the end of the week. They were also
required to submit monthly reports, on the basis
of which, among other things, the further pro-
gramme of work of the dispensary was drawn up.

When visiting a woman in labour at home, the
visiting nurses carried a brush for
washing their hands, a towel, soap,
alcohol, scissors, educational leaflets,
two thermometers, tincture of iodine,
dermatol, a sterile bandage for the na-
vel, gloves, etc. (25). Their work was
made difficult by the low cultural level
of the birth attendants, the difficult
terrain, and the lack of communica-
tion. Regardless of these difficulties,
which sometimes arose unexpect-
edly, and the great lack of education of
women, the reception of visiting nurs-
es during home visits was friendly.
Mothers were interested in acquir-
ing new knowledge, and were happy
to listen to their advice, very happy
to accept printed materials (25).

The goal of the work was to provide oral, writ-
ten, and practical training based on modern so-
cio-medical knowledge about the prevention and
elimination of social factors of disease, as well as
the constructive creation of favourable factors for
health, that is, the gradual eradication of harmful
practices in child health care that had their origins
in folk medicine.

It was the beginning of organised health care
for the most sensitive population in Bosnia and
Herzegovina, in which modern attitudes of social
medicine were incorporated with the aim of pro-
moting disease prevention methods. The provision
of health care to the population by official health
institutions was broad, aimed at preventing the
onset of disease by taking social-medical preven-
tive measures in a timely manner. Health work-
ers, especially doctors, were asked to keep the so-
cial condition of the patient and his environment
when in mind working with patients.

The Children’s Dispensary in Sarajevo was not
only an institution that took care of the health of
mothers and children, but it was also a place for
the education of paediatricians from the interior of
Bosnia and Herzegovina. They came to learn how a
modern children’s social-medical institution works,
specifically the institution where Dr. Maga Zivanovi¢
(4) and Dr. Mara Kurtovi¢* (26) worked. One of the

Picture 10. Dr. Ma3a Zivanovi¢ with colleagues from Sarajevo’s Institute for
Maternal and Child Health Care. Masa third from the right. Archives of Masa
Zivanovi¢, with permission of the family.
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Picture 11.The Children’s Dispensary building on Skerliceva
Street (today’s Vancaseva Street) in Sarajevo, c. 1972. With
the permission of Cantonal Institute for the Protection of
Cultural, Historical, and Natural Heritage—Sarajevo.

paediatricians who was trained for six months at
the Children’s Dispensary was the respected doctor
Kornelija Raki¢ from Mostar (9, 27).

Constant professional development and expan-
sion of the Children’s Dispensary’s activities from
year to year, under the leadership of Dr. Masa
Zivanovi¢, resulted in its growth to become the
Institute for Maternal and Child Health Care at
the end of 1931. The Institute had five departments
and well-organized outpatient services. Dr. Masa
Zivanovi¢, managed its work for many years later
(Pictures 9 and 10).

After the capitulation of the Kingdom of
Yugoslavia in World War II and the creation of
the Independent State of Croatia, which includ-
ed Bosnia and Herzegovina, Dr. Masa Zivanovié
found herself in a difficult situation. She was at-
tacked by the new authorities because of her na-
tional and political orientation. Together with her
husband, Todor, and daughters, and with the help

of one of his patients, she managed to leave Sarajevo
and escape to Serbia.” They were registered by the
Commissariat for Refugees in Belgrade on July 17,
1941. In occupied Belgrade, like most citizens, the
Zivanovi¢ family lived in great material poverty.
Masa’s private medical practice that was approved
by the Chamber of Physicians in August 1942 (28)
barely completed the domestic budget. In 1942,
Teodor went to Soko Banja® due to his poor health,
where he was then engaged in the treatment of ref-
ugees. As a former Yugoslav civil servant, Masa was
accepted into the civil service only in August 1943.
At first, she worked at the Department for Health
Care of Mothers, Infants, and Young Children of
the Central Institute of Hygiene and then, from
January 1944, at the Children’s Department of the
General State Hospital. During the Allied bomb-
ing of Belgrade in April 1944, she travelled to
Soko Banja with her daughters. After joining the
Yugoslav Army in August 1944, she performed the
duties of the director of the mobile hospital of the
19" Brigade of the XXV Serbian Division of the
XIV Corps and the doctor of the Command of the
city of Soko Banja (4).

After the liberation of the country, Masa and
Todor returned to Sarajevo. Masa was demobil-
ised on May 30, and already on June 4, by decision
of the Minister of Health of the Federal People’s
Republic of Yugoslavia, she was placed at the dis-
posal of the Federal Ministry of Public Health of
Bosnia and Herzegovina (29). By the decision of the
Minister of Health of the People’s Republic of BH,
Dr. Nedo Zec” (30), she was immediately appointed
acting head of the Institute for Maternal and Child
Health Care in Sarajevo, of which she was one of
the founders and a long-time manager before the
Second World War. At the end of the same month,
in addition to her regular duties, she was assigned
to the Ministry of Public Health of the People’s
Republic of BH to lead the report for Women’s
Counselling Centres (31). Dr. Maga Zivanovi¢ first
retired on July 29, 1950, but due to the needs of the
service, she remained in the same position until her
final retirement on April 14, 1958 (32).

Due to her attitudes and principles, to which
she adhered firmly, and which often did not meet
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with the understanding of those around her, she
came into conflict with her superiors. The first
time this happened was at the beginning of 1922,
when she refused to participate in activities she did
not agree with. This was also discussed in the press
(33, 34, 35). In the autobiographical note, it is also
stated that “in September 1948, she was punished
by the Ministry of Public Health for disciplinary
negligence” (36).

Zivanovi¢s Social and Cultural Work

In addition to the fact that the First World War
brought about major changes in the social po-
sition of women, and the fact that numerous
new female associations (the National Women’s
Association, the Alliance of Women’s Movements
in the Kingdom of Serbs, Croats, and Slovenes/
Yugoslavia etc.) (37) were established through-
out the newly formed state, the roots of Masa’s
social engagement in the struggle for the equality
of women, mothers™ rights and child protection
could be traced from an early age. Her schooling
was crucial for the formation of her personality -
both at the Lyceum and the Faculty of Medicine in
Vienna.

Among Masa’s teachers at the Lyceum for Girls
in Zagreb, there were several prominent women
responsible for the organization of the education
of girls in Croatia at the end of the 19" and the
beginning of the 20" century, such as the princi-
pal Marija Jambrisak, and teachers Stefa Iskra,
Kamila Lucerna, Natalie Wickerhauser, and Milica
Bogdanovi¢ (12). Among the older pupils, Mira
Koc¢onda (Vodvarska) was one of the Masa’s col-
leagues in the inter-war Women’s movement?®.
While studying medicine in Vienna, Masa was a
member of several associations which gathered
students according to their profession (the associa-
tion of students of medicine), or those of Southern
Slavic origin (Zora, Zvonimir, Rad). Students went
on trips together into the area around Vienna, lis-
tened together to various lectures (she mentioned
Pero Slijepcevi¢’ and “his entrancing lectures on
Maeterlinck, Ibsen, German art, music, lectures
of Pero Mijatovi¢ and his associates etc”) (38).

No doubt Dr Julius Tandler had a major impact
on Masa’s entire work in the field of medicine, but
also on her engagement in the struggle for social
justice, the care and protection of mothers and
children, and finally her engagement in social
medicine (39), and she received her academic de-
gree from him.

After the First World War, and having settled
in Sarajevo for work, as early as September 10
1919, Masa Zivanovi¢ took part in establishing
the Society for Education of Women and Protection
of their Rights, which was later included in the
Alliance of Women’s Movements in the Kingdom
od SCS, and the Women’s Movement. Unlike oth-
er predominantly humanitarian or educational
women’s associations, the Society was feminist,
aimed at struggling for the political, economic
and legal equality of women and men, and dealing
with the specific needs and problems of women.
In the Society, Masa was engaged primarily in the
field of health and social protection, as observed at
the Second Assembly of the Yugoslav Women, held
in Zagreb in July 1920. “That finally in our country
the role of women doctors in the health of children
and the entire nation, for their cultural influence
on the environment, for the education of society
in general, will be properly understood, Dr. Masa
Zivanovi¢ from Sarajevo gave us the greatest hope
at the assembly in Zagreb. With her colleagues in
the Society for Education of Women she developed
the widest range of activities, the results of which
will have to be seen in the shortest time” (40).

The first activities of the Society were courses in
hygiene, and the very first course About Infants was
run by Masa Zivanovi¢. Courses run by Dr. Staka
Bokonji¢, Dr. Pero Stjepanovi¢ and others followed,
and were held in Sarajevo, as well as in the sur-
rounding towns and villages. One of the results of
the Society’s work was the opening of the Maternity
Home for Pregnant Women, Mothers and Children
in Pofali¢i on December 1, 1919. The Society took
care of this home until the end of 1920 (41), when
the funding was taken over by the State Protection
of Children and Youth. Supervision of the home’s
hygiene was carried out voluntarily by the doctors
Mara Kurtovi¢, Staka Bokonji¢, Masa Zivanovié
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and Katica Jaksic¢ (42). In the spring of the following
year, the Association took part in opening a kinder-
garten for the children of working mothers, orga-
nized lectures for members of the scout movement,
etc. (43). Masa Zivanovi¢ was the President of the
Society for many years (and later when the Society
was transformed into the Women’s Movement), be-
ing elected unanimously several times.

Women’s Movement was very active, reacting to
many phenomena and changes that took place in
the young state. When the Ministry of Education
made a decision in 1927 to limit enrolment in sec-
ondary schools, introduce the numerus clausus and
other restrictive measures, Women’s Movement re-
acted, and “Dr. Ma$a Zivanovi¢ condemned this
kind of educational policy that ‘limits the human-
istic education of young people by closing schools
when they do not open any equivalents, which “af-
fected the interests of young women in particular”
(44). She advocated the abolition of regulated pros-
titution and the introduction of an anti-venereal
law. With this aim, being a representative of the
Alliance of Women’s Movements (not as a doctor!),
at the Congress of Venereologists in Zagreb in
1927, she presented her views on the anti-venereal
laws and the abolition of regulated prostitution
(45). As the president of the Women’s Movement,

she also reacted when the Law on Child Protection
was amended, proposing a change in the attitude
towards illegitimate children, that is, seeking an
equal attitude towards children born both in and
out of wedlock (46). As the subject Hygiene was in-
troduced into the school curriculum in 1928/1929,
Masa Zivanovi¢ was among the doctors who held
lecturers at the Women’s Teacher Training School
for 3 hours a week (47).

As the president of the Womens Movement in
Sarajevo, she participated in international feminist
gatherings. The Little Women’s Entente was founded
as a transnational association at the International
Woman Suffrage Alliance Conference in Rome in
1923. It brought together women’s organizations
from Yugoslavia, Romania, Greece, Czechoslovakia
and Poland. It was inspired by the interstate politi-
cal organization Little Entente (which consisted of
Yugoslavia, Czechoslovakia and Romania). Masa
Zivanovi¢ took part in the conferences of the Little
Women’s Entente in Athens (1925), Prague (1927)
and Warsaw (1929).

As the representative of the Yugoslav wom-
en’s movement, Masa Zivanovi¢ participated in
the 10th Congress of the International Alliance of
Women in Paris in 1926. The cooperation of the
Alliance with the League of Nations was established

and the commission was chaired

gt

of the family.

Masa Zivanovi¢ (first from the left, standing) in Athens at the Congress of
Little Women's Entente (1925). Archives of Masa Zivanovi¢, with permission

by Ruth Morgan. The president of
the Alliance was Margery Corbett
Ashby. Both of these prominent fem-
inists were in the Alliance delega-
tion that visited Yugoslavia in May
1931. After the main meeting held in
Belgrade, they visited Sarajevo. The
programme of their work presented
in the journal Women’s Movement
(Zenski pokret) included the follow-
ing topics: “The question of peace,
disarmament, economic coopera-
tion of countries in connection with
the creation of a European Union
(1)” (48). Their presentations were
organized by the Women’s Movement
from Sarajevo, and were accompa-
nied by articles in the press (12).
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During the 1930’ies, anti-war themes and paci-
fism were increasingly present in the Womenss
Movement. When the Peace Academy was held in
Sarajevo in February 1932, Masa Zivanovi¢ spoke
about the need for peaceful ways to resolve dis-
putes as one of the goals of the women’s movement
(49). At that time, the Youth Section was formed
under the auspices of the Women’s Movement in
Sarajevo. As one of the members remembered,
Masa gave a speech entitled “For equal work -
equal pay”. Due to the increasing activity of young
members, mostly communists, Smiljana Krsi¢ and
Masa Zivanovi¢ were called to account. Threats by
the police to ban the Women’s Movement were real-
ized in 1937 and the movement ceased to exist (6).

At a time, when a new world war was looming
over Europe, the Yugoslav Union for the Protection
of Children (founded in 1935 under the patronage
of Queen Marija Karadordevi¢) dealt with plans for
the care of children in a wartime environment. In
1939, when the Society for the Care of Unprotected
Children and Youth in the Drina banovina was
founded, Masa was on the steering committee of
the Society (47). Having returned to Sarajevo after
World War II, she joined the Anti-Fascist Women's
Front (AFZ) and devoted herself to the health and
social protection of women and children, the fight
against prostitution, and other social and medical
issues which occupied her all her life.

Zivanovi¢’s Publishing Activities

Almost all of Dr. Masa Zivanoviés articles, wheth-
er she wrote as a doctor writing articles in medical
journals or as a feminist activist writing articles in
newspapers and social journals, were imbued, in
a direct or indirect way, with a health-educational
character, full of current medical knowledge, aim-
ing to enlighten the entire readership public in
Bosnia and Herzegovina. She knew very well that
the realisation of various womens rights would
have a significant impact on society in general and,
thus, also on the health education of women, es-
pecially when they became pregnant and mothers,
and that their acquisition of new knowledge would
prevent many childhood diseases and enable chil-
dren to grow up normally.

On the other hand, by writing articles for medi-
cal journals, she wanted to point out, on the ba-
sis of evidence, the real state of children’s health
care, to refresh or improve the knowledge of health
workers about current children’s pathologies, and
thus help sick children. In all of this, she had vis-
ible success, thanks above all to her temperament,
general education, her knowledge of foreign lan-
guages and education abroad, and the use of con-
temporary foreign paediatric literature.

It is not possible to write a complete overview of
her journalistic activity for the time being, because
no fundamental research into her writing work,
which would enable the writing of an overall bibli-
ography of her written work, has yet been undertak-
en. However, brief reviews of some of the available
publications can best represent her writing work.

The article The Weaknesses of Health Care of
Preschool Children by Dr. Masa Zivanovié, pub-
lished in the journal Socijalno-medicinski pregled
(Social Medical Review) in 1938, provides an
overview of the work of pre-school institutions in
Sarajevo at the time (50). The author states that the
same text can reflect the work of similar institu-
tions in other places in Bosnia and Herzegovina:
“Because all these institutions have one evil in
common: they do not have a system based on
an anatomical, physiological, and psychological
knowledge of the child with the aim of raising a
healthy, valuable, and better person, but their child
is a tool for propaganda and profit”

The research was done from the 1932-33 school
year until June 1937. An examination of children,
an inspection of the hygiene of playgrounds and
schools, their environment, and surveys of the
competent state and religious authorities, parents,
and official staff were carried out by a doctor and
a nurse. The survey is not presented in the paper,
but in the presentation of the results, it is easy to
see the questions whose answers should reflect the
environment in which such a sensitive population
resided every day. The results presented, although
not very well systematized, indicate that the time
spent by preschool children in these children’s in-
stitutions had a negative impact on their physical
and mental health.
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Of particular interest are her health education
articles: Childrens Infectious Diseases (51), On
Children’s Diarrhoea (52), Tuberculosis in Children
(53), Gonorrhoea and Newborns (54), Syphilis, the
Mother and her Child (55), Tuberculosis of Infants
and Small Children (56), and Collection Points for
Mother’s Milk (57), dedicated to the current health
problems of children, and published in the journal
Zivot i Zdravlje (Life and Health) after the Second
World War, from 1946 to 1949. The articles are
written in a simple style with an understandable
vocabulary, and are clearly and precisely systema-
tised in relation to the characteristics of the prob-
lems described.

Along with a series of articles on medical top-
ics', Dr. Ma$a Zivanovi¢ also wrote about the
health care of mothers and children, hygiene and
health education. She wrote about motherhood,
marriage and the ethics of marriage, women’ right
to education and employment, and women’s eco-
nomic independence, in several popular maga-
zines and journals. She published more than twen-
ty articles in the Women’s Movement, the organ of
the Society for the Enlightenment of Women and
the Protection of Her Rights alone. (58). One of the
topics that she considered “the most feminist” was
prostitution and the abolition of regulated prosti-
tution. Dr. Zivanovi¢ also wrote about the position
of Muslim women in Bosnia (59).

In Zenski pokret (Women’s Movement) in 1930
(60), a polemic on sexual ethics flared up between
Zivanovi¢ and the prominent writer and feminist
Julka Chlapec Dordevi¢ from Prague. However,
this was no obstacle to Dr Zivanovi¢ inviting Ms
Chlapec to Sarajevo three years later, where the
Women’s Movement discussed birth control issues.
The same journal published biographical articles by
Dr. Zivanovi¢ about two prominent women who
worked in Bosnia and Herzegovina — Adeline Irby
(61) and Teodora Krajewska (62). Dr. Zivanovi¢
also wrote for Zena danas (Woman today) and
took part in a special issue of this journal (no. 24)
for 1939, dedicated to the women of Bosnia and
Herzegovina.

In Pregled (Overview), a journal for political
and cultural life in Sarajevo, she wrote about the

history of feminism and current feminist events
and gatherings. This magazine also published her
report from the Little Entente of Women meeting
in Prague in 1927, and also texts on the education
of female youth, on the care of young people, as
well as reviews of several books (63). Her many
shorter articles written for the widest audience,
with advice for caring for children, hygiene, and
the treatment of certain individual diseases etc.
should not be forgotten.

Concluding Remarks

Dr. Masa Zivanovi¢ (1890-1960), one of the first
paediatricians and a prominent social worker in
Bosnia and Herzegovina, was equally dedicated
to her medical profession as to her engagement
in the Women’s Rights Movement. Immediately
after the end of the First World War, she was a fol-
lower of the then new concept of comprehensive
paediatrics which, besides treating sick children,
took care of their health from their very concep-
tion. This concept included prevention by elimi-
nating social factors of disease, while at the same
time creating favourable conditions for growth
and development. For more than three decades,
Masa Zivanovi¢ was the head of the first social
and paediatric institution in Sarajevo, founded in
1924 under the name the Dispensary for Mothers
and Children. Under her leadership, this institu-
tion grew into the Institute for Maternal and Child
Health Care in 1931, which was also a centre for
the professional training of young paediatricians
in BH. She managed the work of the Institute un-
til 1958, excluding only the period of the Second
World War. She successfully connected her medi-
cal mission with the mission as an activist for wom-
en’s emancipation. She was one of the founders
and long-time president of the Women’s Movement
in Sarajevo (1919-1937). In the newsletter of the
Association, she published health and educational
articles on child care, on the necessity of women’s
education for motherhood, and the legal protec-
tion of motherhood, on marriage and the family,
and others. She was an advocate for birth control,
the equality of women’s and men’s labour rights,
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but also the abolition of regulated prostitution
which she considered the “most feminist topic”. As
a delegate of the Women’s Movement, she partici-
pated in international feminist gatherings. On the
eve of the Second World War, she worked on the
dissemination of pacifist ideas, and after the end of
the war, through her work in the Women’s Anti-
Fascist Front (AFZ), she was still engaged in solv-
ing the issues of the health and social protection
of women and children, to which she had devoted
her entire life.
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Notes

! Teofil Skopczynski (? 22 ?? —Jan 12, 1855.— Zagreb, Aug
18, 1942). Construction engineer of Gospi¢ and Brod na
Savi districts; royal chief engineer of Pozega County; ,,con-
struction consultant® in the Royal Construction Office in
Osijek. Lecturer at the School for Art Education, which was
founded in Osijek in 1925.

2 Masa Zivanovi¢'s bequest, owned by the family, Belgrade.
Hannah M. Stone to Maga Zivanovié, April 13, 1936, New
York.

* Marion Shulevitz. Hannah Mayer Stone, 1893-1941. Jew-
ish Women's Archive [cited 2023 Jan 12]; Available from:
https://jwa.org/encyclopedia/article/stone-hannah-meyer

* Mara Kurtovi¢ (Belgrade, July 12, 1892-Sarajevo, Oct 17,
1979). She was the first expert in school hygiene in Bos-
nia and Herzegovina. She was the head of the School Poly-
clinic at the Institute for Maternal and Child Health Care
on Skerli¢ Street in Sarajevo and befriended Dr. Masa
Zivanovié.

> Her son, too, was living in Zagreb at the time. Despite being
married to a Croatian woman, he had to live in secret and
hide from the Ustasa authorities.

Documents and writtings of Masa Zivanovi¢, family owned.
Autobiographical notes by Maga Zivanovi¢.

7 Nedo Zec (Mostar, July 12, 1899-Mostar, November 18,
1971). He graduated from the Faculty of Medicine in Vi-
enna in 1927. He was the first Minister of Public Health of
the People’s Republic of Bosnia and Herzegovina, the Head
of the Department of Neuropsychiatry at the Faculty of
Medicine in Sarajevo, and an Academician of the Academy
of Sciences and Arts of Bosnia and Herzegovina.

8 She was later the president of the Women’s Movement in
Zagreb.

® Pero Slijepcevi¢ (1888-1964), historian of literature, Ger-
man scholar, university professor. One of the prominent

members of the Mlada Bosna movement.

1 Creating a bibliography of Dr. Masa Zivanoviés papers,
which are scattered throughout numerous newspapers and
journals, would allow for a more comprehensive under-
standing of her contribution to social and medical issues.

Reference

1. Krsi¢ S. In memoriam: Dr Mas$a Zivanovi¢ [in Serbian-
Croatian]. Nova Zena. 1960;16(12):8-9.

2. Documents and writings of Maa Zivanovi¢, family
owned. Invitation of the director of the County Dispensa-
ry for Women and Children, Dr. Branko Koljensi¢, for the
unveiling of the memorial plaque [in Serbian-Croatian].
Sarajevo (undated).

3. Glibonjski M. Hospital or death. From the memory of the
First World War [in Serbian]. Appendix 3. In: Zivanovi¢
T. City of Ni§ during the summer of 1915, ed. Miloradovié
G. Andri¢grad - Visegrad: Andri¢ Institute; 2018. p. 75-
80.

4. Archive of Yugoslavia, Fund Ministry of Social Policy and
Public Health of the Kingdom of Yugoslavia (F-39). Sheet
of personal and official data of dr. Masa Zivanovi¢, F-214
[in Serbian].

5. Gavrilovi¢ V. S. Women doctors in the wars 1876-1945.
on the soil of Yugoslavia [in Serbian-Croatian]. Beograd:
Naucno drustvo za istoriju zdravstvene kulture Jugoslavi-
je; 1976.

6. Beokovi¢ M. Women heroes [in Serbian-Croatian]. Sara-
jevo: Svjetlost; 1967. p. 443.

7. Kecman J. Women of Yugoslavia in the labour movement
and women’s organizations, 1918-1941 [in Serbian-Cro-
atian]. Beograd: Narodna knjiga: Institut za savremenu
istoriju; 1978. p. 188, 191, 192, 282, 283, 284, 367.

8. Spahi¢ A, Zdralovi¢ A, Aganovi¢ A, Pokanovié¢ B, Bavci¢
E, Giomi F et al. [in Bosnian]. Recorded: Women and
public life in Bosnia and Herzegovina in the 20" century
(prepared by J. Caugevic). Sarajevo: Sarajevski otvoreni
centar; 2014. p. 66-7.

9. Tahirovi¢ H, Fuchs B. Kornelija Raki¢: A woman doctor
for women and children in Serbia and Bosnia. Acta Med-
ica Academica. 2021;50(1):229-32.

10. Miloradovi¢ G. Lice and weapons. Teodor Zivanovi¢ and
his book ‘City of Ni§ during the summer of 1915. [in Ser-
bian]. In: Miloradovi¢ G , editor. Zivanovi¢ T. Grad Ni§
tokom leta 1915. godine. ViSegrad: Andricev institut;
2018. p. 7-23.

11. Dujmovi¢ S. Dr Masa Zivanovi¢ - scientific practice
and social engagment [in Bosnien]. In: Sator E , edi-
tor. Zbornik radova Naucna/znanstvena konferencija
Bosanskohercegovacke nauc¢nice/znanstvenice i njihov
istrazivacki rad. Mostar: Federalno ministarstvo obra-
zovanja i nauke/znanosti; 2018. p. 373-391.

261



262

Acta Medica Academica 2022;51(3):249-263

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Miloradovi¢ M. Dr Masa Zivanovi¢ (1890-1960) — Pedia-
trician and associate of the magazine Women’s movement
1950 [in Serbian]. In: Milinkovi¢ J, Sviréev Z, editors.
Zbornik radova Zenski pokret (1920-1938). Beograd: In-
stitut za knjiZzevnost i umetnost; 2021. p. 307-322.

Ograjsek Gorenjak I, Kardum M. Little Entente with a
great ambition: (1923-1939) [in Croatian]. Historijski
zbornik. 2019;72(1):111-38.

Spasovi¢ I. Dr. Milica Bogdanovi¢ - a gift, a dream and
a path. Education and Gender: From Emancipation to
Commodification. [in Croatian ]. Zbornik radova XV
Dana Marije Juri¢ Zagorke. Zagreb: Memorijalni stan
Marije Juri¢ Zagorke; 2022. p. 21-36;

Spasovi¢ I. Dr. Milica Bogdanovi¢ and the Serbian Cul-
tural Society “Prosvjeta” [in Serbien]. In: Kresti¢ V. P.
editor. Zbornik o Srbima u Hrvatskoj. Beograd: Srpska
akademija nauka i umetnosti; 2023. (in press).

Spasovi¢ I. Biography of Dr. Milica S. Bogdanovi¢ [in Ser-
bian]. In: Julijin balkon s pogledom na slobodu. Beograd:
Klju¢ izdavastvo; 2023. (in press).

Museum of Brodsko Posavlje - Slavonski Brod. Annual
report of the Public High School [in Croatian]. Brod na
Savi 1904/1905.

Documents and writtings of Masa Zivanovi¢, family
owned. Note by Dr. Masa Zivanovi¢, Jul 20, 1950 [in Ser-
bian].

Documents and writtings of Masa Zivanovi¢, family
owned. Extract from the wedding protocol of the Serbian
Orthodox Church of Transfiguration of the Lord in Za-
greb, 3/16, Jun 1914. [in Serbian]

Documents and writtings of Masa Zivanovié, family
owned. Certificate of the work of Dr. Masa Zivanovi¢ in
the Royal National Maternity Hospital in Zagreb from
Aug 1, 1916 to Feb 28, 1917 (certified transcript) [in Croa-
tian].

Documents and writtings of Ma$a Zivanovi¢, family
owned. Certificate of the work of Dr. Maga Zivanovi¢ in
the Hospital in Brod from Mar 30, 1917 to Oct ?, 1917
(certified transcript) [in Croatian].

Documents and writtings of Masa Zivanovi¢, family
owned. Certificate of the work of Dr. Maga Zivanovi¢ in
Osijek Hospital from Nov 1, 1917 to Nov 30, 1918 (certi-
fied transcript) [in Croatian].

Museum of Science and Technology - Belgrade, Collec-
tion of archival materials - Medicine; Legacy of Matija
Ambrozi¢ (2014/1033). Letters from M. Zivanovié to M.
Ambrozi¢ written from Sarajevo on January 1 and January
17 1930.

Frances Elisabeth Crowell, Diary of E E. C, 1926. The On-
line Collection and Catalog of Rockefeller Archive Center
[cited 2022 Dec 29]. Available from: https://dimes.rock-
arch.org/collections/UgrkCOwFPqs]23wZjFUdjZ?categor
y=&limit=40&online=true&query=Yugoslavia.

25.

26.

27.

28.

29

30.

31.

32.

33.

34.

35.

36.

37.

Childrens Dispensary in Sarajevo (Report on work for
1924/25) [in Serbian]. Glasnik Centralnog higijenskog
zavoda. 1927;2(3):326-62.

Archive of Yugoslavia, Fund Ministry of Social Policy and
Public Health of the Kingdom of Yugoslavia (F-39). Sheet
of personal and official data of dr. Mara Kurtovi¢, F-85 [in
Serbian-Croatian].

Archive of Yugoslavia, Fund Ministry of Social Policy and
Public Health of the Kingdom of Yugoslavia (F-39). Sheet
of personal and official data of dr. Kornelija Raji¢, F-150
[in Serbian-Croatian].

Historical archive of Belgrade. Fund of the Medical
Chamber: File of Dr. Maga Zivanovi¢, No. 1910 [in Serbi-
an-Croatian].

. Documents and writtings of Masa Zivanovi¢, fam-

ily owned. Decision No. 69/45 of the Minister of Public
Health of the Democratic Federal Yugoslavia, dated June
4, 1945, referring Dr. Masa Zivanovi¢ to the Ministry of
Public Health of Bosnia and Herzegovina [in Serbian-
Croatian].

Documents and writtings of Masa Zivanovi¢, family
owned. Decision No. 69/45 of the People’s Government
of Bosnia and Herzegovina’s Minister of Public Health,
dated June 26, 1945, referring Dr. Masa Zivanovié for act-
ing head of the Institute for the Protection of Mothers and
Children in Sarajevo [in Serbian-Croatian].

Documents and writtings of Masa Zivanovi¢, family
owned. Decision of the Minister of Public Health of the
People’s Government of Bosnia and Herzegovina No.
343/45 of June 9, 1945 by which Dr. Maga Zivanovi¢ di-
rects that she works in the Ministry of Health of the Re-
public of Bosnia and Herzegovina as head of the depart-
ment for women’s counseling in addition to her regular
duties [in Serbian-Croatian].

Documents and writtings of Masa Zivanovi¢, family
owned. Retirement certificate number 551/58 dated Mar
17, 1958, signed by Dr. Branko Koljensi¢ acting manager.
[in Serbian-Croatian].

The case of Mrs. Zivanovi¢ [in Serbian-Croatian]. Narod.
1922 Oct 22; p 2.

The affair of Mrs. Dr. Zivanovi¢ [in Serbian-Croatian]. Ju-
goslavenski list. 1922 Feb 19; p 3.

The affair of Mrs. Dr. Zivanovi¢ [in Serbian-Croatian]. Ju-
goslavenski list. 1922 Feb 26; p. 3.

Documents and writtings of Masa Zivanovi¢, family
owned. Official paper. Written warning number 49225 of
Sep. 27, 1947, of the Ministry of Public Health of Bosnia
and Herzegovina [in Serbian-Croatian].

Milanovi¢ J. Regional women’s associations — Little En-
tente of Women and unity of Slav women [in Serbian]
In: M. Pavlovi¢ et al, editor. Zbornik radova Jugoslavija
i Poljska u XX veku / Yugoslav-Polish relations in the XX
century. Beograd: Bidgo$¢, 2017; p. 19-40.




Husref Tahirovi¢ et al: Dr. Masa Zivanovi¢ 1890 —1960

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Documents and writtings of Masa Zivanovi¢, family owned.
Note by Dr. Masa Zivanovi¢, Jul 20, 1950 [in Serbian].

Pretterklieber ML. Julius Tandler-professor of anatomy,
and social reformer. Isr ] Med Sci. 1995;31(9):590. PMID:
7558789.

Petrovi¢ M. Doctors and the education of women [in Ser-
bian-Croatian]. Zenski pokret 1920;1(4-5): 23-5.
Maternity Home in Sarajevo [in Serbian-Croatian].
Zenski pokret, 1923;4(1):36.

Mrkalj I. Glina gave them to the World [in Serbian].
Zagreb: Novosti. Samostalni srpski tjednik 2019 (1008)
Prilog Kronika: 4-5.

Cubrilovi¢ J. Report of the Society of eduction of women
and protection of their rights in Sarajevo [in Serbian-Cro-
atian]. Zenski pokret. 1920;1(4-5):30-2.

Dujmovi¢ S. Under state guardianship: The History of
childhood in Bosnia and Herzegovina 1878-1941 [in Bos-
nien]. Sarajevo: Institut za historiju Univerziteta; 2021. p.
214.

Zivanovi¢ M. Proposals of the Alliance of Women’s Move-
ments on changes and amendments to the anti-venereal
law [in Serbian-Croatian]. Zenski pokret. 1935;6(3-4):41-2.
Dujmovi¢ S. Under state guardianship: The History of
childhood in Bosnia and Herzegovina 1878-1941 [in Bos-
nien]. Sarajevo: Institut za historiju Univerziteta; 2021. p.
242-243.

Dujmovi¢ S. Under state guardianship: The History of
childhood in Bosnia and Herzegovina 1878-1941 [in Bos-
nien]. Sarajevo: Institut za historiju Univerziteta; 2021. p.
186.

Alliance of women’s rights movements (Kingdom of Yu-
goslavia) Zenski pokret. 1931;12(9-10):1.

Zivanovi¢ M. Demonstrations for peace and disarma-
ment in Yugoslavia [in Serbian-Croatian]. Zenski pokret.
1932;8(3):35.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Zivanovi¢ M. Disadvantages of health care of preschool
children [in Serbian-Croatian]. Socijalno-medicinski
pregled. 1938;10:1-8.

Zivanovi¢ M. Children’s infectious diseases [in Serbian-
Croatian]. Zivot i zdravlje. 1946;1(1):20-2.

Zivanovi¢ M. On children’s diarrhea [in Serbian-Croa-
tian]. Zivot i zdravlje. 1946;1(2): 23-4.

Zivanovi¢ M. Tuberculosis in children [in Serbian-Croa-
tian]. Zivot i zdravlje. 1946-1947;1(4-5):29-31.

Zivanovi¢ M. Gonorrhoea and newborns [in Serbian-
Croatian]. 1948;3(8-9):40.

Zivanovié¢ M. Syphilis, mother and her child [in Serbian-
Croatian]. Zivot i zdravlje. 1948;3(8-9):9-10.

Zivanovi¢ M. Tuberculosis of infants and small children
[in Serbian-Croatian]. Zivot i zdravlje. 1948 3(10-11-
12):44-6.

Zivanovi¢ M. Collection point of women’s milk [in Serbi-
an-Croatian]. Zivot i zdravlje. 1949;4(2-3):9-10.

Poljak P, Ivanova O. The Womens Movement (1920-
1938): a bibliography [in Serbian], Beograd: Institut za
knjiZevnost i umetnost; 2019.

Zivanovi¢ M. And the Muslim woman will wake up [in
Serbian-Croatian]. Zenski pokret. 1928;9 (1-2):1-2.
Zivanovi¢ M. Fate of a woman - Crisis of sexual ethics
- Review of the book: Julka Chlapec Pordevi¢: Fate of a
woman = Crisis of sexual ethics: two sociological stud-
ies, Ljubljana 1930 [in Serbian-Croatian]. Zenski pokret.
1930;11(17-18):2-3.

Zivanovi¢ M. On the occasion of the centenary of the
birth of Adeline P. Irbi [in Serbian-Croatian]. Zenski
pokret. 1934;15(7-8):68-70.

Zivanovi¢ M. Teodora Krajevska — The first female doc-
tor in Bosnia [in Serbian-Croatian]. Zenski pokret. 1928;9
(16):1-2.

Bibliography of “Pregled™ 1910-1912; 1927-1941[in
Serbian-Croatian]. Sarajevo: Narodna biblioteka Bosne i
Hercegovine, 1967.

263



ISSN 1840-1848

917718401184007



