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ORIGINAL ARTICLE

OZONE TREATMENT OF STAGE II/ Il OF BISPHOSPHONATE -RELATED
OSTEONECROSIS OF THE JAWS (BRONJ)

Markovska Arsovska MirjartaPopovic Monevska ) Popovska K Simjanovska.j?,
Isijanovski F, Gerasimova S
'University Dental ClinicaCentr@St. Panteleimai Department of Oral Surgery,
Skopje, Republic oNorth Macedonia
University Clinic for Maxillofacial Surgeryiaculty of Dental Medicine,
Skopje,Republic ofNorth Macedonia
%Instituteof Microbiology and Parasitologyaculty of Medicine,
Skopje,Republic ofNorth Macedonia
“Faculty of Medicing Skopje, Republic oRorth Macedonia

ABSTRACT

Bisphosphonateelated osteonecrosis of the jaws (BRONJ) is defined as exposed jawbone
(part d the jawbone) in the oral cavity that persi&tirmore than eight weeks despite the treatment,
and patierd haverd received radiotherapy and there is no history of bone metastases. This is a
serious complication in patients receiving bisphosphonatagfieespecially in those who have
received it intravenously. Bisphosphonates are used as potent inhibitors of bone resorption in
various diseases and conditions of the bpsesh as malignancies, osteoporosis, and bone
metastases. There are many studiated to the impact of medical ozone on wound healing in
bisphosphonate osteonecrosis. Several authors show the effect of ozone therapy on the wound
healing in the osteonecrosis area in patients receiving bisphosphonate therapy. The aim of this
study wasto show the influence of ozone therapy on wound healing in stage IlI/lll of
bisphosphonateelated osteonecrosis of the jawhis study included 25 male and female patients
who received bisphosphonate therapy, amdwhomll or 1l clinical stage of bishosphonate
related osteonecrosis of the jaws was diagnosdibr receiving standard antibiotic therapy
determined with an antibiogramatientgeceived medical ozone therapy for dental use in the form
of agas (ozone therapy device, Ozone DDAntal ozor generator of Apoza Enterprise). Patients
were treated with conservative treatmentsurgical treatment (sequestaaay). In patients with
clinical stage 11/ lll, the positive effect of this therapy was observed after the application of ozone,
as well & after treatmentvith anantibiotic agent with a greater tendency of decline in patients
with ozone therapy. Reduction of pain as well as reduction of bleeding and secretion (reduction of
fetor - bad smell in oral cavity) are the bensfif the treatmeh with local application of ozone
gas in patients with bisphosphonaédated osteonecrosis of the jaws. Ozone therapy destroys
bacteria, or reduces their effect on wound healing. It also affects the improvement or maintenance
of the clinical stage of ost@ecrosis of the jaws.

Keywords: ozone therapy, bisphosphonates, pain, osteonecrosis, wound healing
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INTRODUCTION

Bisphosphonateelated osteonecrosis of the jaws (BRONJ) was described for the first time by
Marx (2003)1] (as exposed jawbone, part of jhesbone in the oral cavity that persigor more
than eight weeks despite the treatment, and patner@ received radiotherapy and there is no
history of bone metastases), which appears after dental procedures in patients that have received
or still have been receiving bisphosphonates for inhibition of the bone resorption. This is a serious
complication in patients receiving bisphosphonate therapy, especially in those who have received
it intravenously{2]. Bisphosphonates are used as potent inhibibdione resorption in various
diseases and conditions of the bqmegh as malignancies, osteoporosis, and bone metg&pses
Thereare many hypotheses about the cause of BRONJ occurrence, but very often the trigger is
tooth extraction. The hypothesed osteonecrosis are based on the inhibitory effect of
bisphosphonates on the osteoclastic activity of bone cells, as well as their toxic effects on soft
tissue and their anrtingiogenic effect. The influence of bisphosphonates on the oral microflora, as
well as the creation of biofilm (microbiota) at the site of osteonecrosis, is one of the possible
reasons for its occurrence. Biofilm is actually a set of bacterial colonies that are interconnected
with fibronectin. They cover the necrotic bone and caresgient and recurrent infections in these
patientq4].

According to the American Association of Oral and Maxillofacial Surgeons (AAOMS, 2009)
[5] there are several clinical stages of BRONJ.
- Patients at risk patients have been receiving or had recelvsghosphonate therapy, where
tooth extraction or other oral surgery should be performed.
- Clinical stage @ unspecified clinical findings and symptoms (unpleasant continuous pain with
low intensity, slow wound healing in the region were tooth was ¢uwllg, patients complain of
bad smell in the mouth), but there is not an exposed or necrotic bone in the oral cavity.
- Clinical stage Ii clinical findings are: exposed or necrotic jawbone without signs of infection
(erythema), and patiemtomplain of pesistent, not very severe pain and unpleasant smell from
the oral cavity as a result of local accumulation of deposits at the site of the exposed bone
- Clinical stage IIi clinical findings are: an exposed bone, but also signs of infection, pain and
erythema, as well as an unpleasant smell from the oral cavity (fetor)
- Clinical stage lll- in addition to the exposed jawbone, there are signs of infection, bad smell
(fetor) and pain, as well as the possibility of pathological fracture, extraoral or aitfestula,
and the possibility of creating oroanthral communication or osteolysis of the jaw bones.
There are many studies related to the impact of medical ozone on wound healing in bisphosphonate
osteonecrosis. Several authors show the effect of ozamapth on the wound healing in the
osteonecrosis area in patients receiving bisphosphonate therapy. The influence of ozone is due to
its antibacteridle, 7], antiviral[8, 9] and antifungal effedtl0], improving tissue oxygenation, as
well as its impact o epithelialization of the wound 1], and stimulation of local immunity. Basic
forms of application of ozone in the oral cavity are: ozone gas, ozonated oil and ozonated water
[12].
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Ripamontiet al. [13] in their studypresentedreatment of osteonecrosi§jaws with lesions greater
than> 2.5 cm, by using ozone (O3) as a gas insufflation in the atba &fsion.

They explaired the effect of ozone gas with obvious results in wound healing, such as
demarcation and sequestration of osteonecrotic bone from healthy bone and subselingeof hea
the wound.
Agrillo et al[14], in afive-yearresearch used ozone gas insufflations as a conservative treatment
or as supplemental therapy in minimal sexjtetomy in patients with bisphosphonatsdated
osteonecrosis of the jaws. They also désdrreduction of pain and reduction of osteonecrotic
lesion, as well as secretion in osteonecrotic area.
Also, medical ozone has impact on the stimulation or suppression of the immune system and
oxidative influence when it igsed in small concentratiofis5].
In everyday dental practice use of antibiotics for treatment of BRONJ can be followed by
additional ozone theragdl6], which should be applied during 15 daygntfollowed by two ozone
insufflations dumg surgical treatment (sequestoaay).Their research explains the impact of
ozone in reducing pain, as well as reductiothefbad smell (fetor) in the mouth after treatment.
The topical use of ozone on infected wound in oral cavity gives an obvious result in patients
have received a high doséradiotherapy (in the treatment pfimary diseaseL7].
The positive effects of ozone and its application as an ozonized oil can be used for different
treatments in the oral cavitwhich was dondy Nogaleq18] in the treatment of alveolitis sicca.
He compared the effectiveness between antibiotic therapy and ozone tRatagnisweremore
satisfied with ozone therapy, and tHeit no pain and other additional unpleasamwhgtoms.
Inin vitro evaluation of wound healing in rats Borg#sl [19] showedthe antimicrobial potential
of ozone therapy, as well as its antifungal action.
In the literature, therare data for application of ozone therapy for preventive purp@ses
protection against postoperative infection with the application of ozdoeebeluring and after
extraction of the teeth. Filipoviet al[20] used ozone for preventive purposes during extraction
of the impacted third molars. They also examined postoperative pain and bad smell (fetor) in the
oral cavity in these patients.
For that purpose Calvet al [21] applied ozone therapy in certain concentrations for wound
healing and indicateits analgesic effect.
Besides antibiotic and ozone therapgssarettet al.[22] also used lowirequency laser therapy
in the treatment of BRONJ hey applied ozone gas three times a week (eight treatments). The
concomitant use of ozone therapy and-lo@quency laser were also used by Moreeal [23]
The future will show with therapeutic method is more effective, but in any casebibi show
obvious resuf

The aim of this study was to show the influence of ozone therapy on wound healing in stage
[I/1Il of bisphosphonateaelated osteonecrosis of the jaws.
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MATERIAL SAND METHOD S

This study included 25 male and female patients who recemgptidsphonate therapy, and
where Il or 1l clinical stage of bisphosphonatdated osteonecrosis of the jaws was diagnosed.
After receiving standard antibiotic therapy determined with an antibiognaatients received
medical ozone therapy for dental usethe form ofa gas (ozone therapy device, Ozone DTA
Dental ozone generator of Apoza Enterpri3éje protocol applied to patients with clinical stage
[l and 1l of BRONJ consigtd of an antibiotic treatment (determined with antibiogram) 07
daysard it continued with an additionadaily local application of ozone gas forlD days
(depending on the clinical symptoms). If sequestrectaayperformed after this treatmenhen
two ozone insufflations were applied during surgery, and another ozarilaitisn was applied
during sutures removal. In those patients conservative or surgical treasegumegtrectomywas
performed. Regular cheakps were performed after2weeks of initial treatment. Sometimes
there was a need for possible retreatmetih wkone gas or antibiotic therapy determined with
antibiogram. Patients were monitored for a period of six months or until complete wound healing.
The efficacy of the therapy was followed by predetermined clinical parameters:
1. Wound healing as:
a. Compéte wound healing with sequestration of necrotic tissisguestrectomy
b. Partialwoundhealing by sequestration of necrotic tissuseguestrectomy
c. No healing of the wound, but the condition in the same clinical stage of the disease was
maintained
. Progression of osteonecrosis to surrounding tissues and progression of clinical stage of disease
. Local hyperemia or bleeding from the wound (both together)
. Local hyperemia with spontaneous bleeding from the wound
. Local hyperemia with bleedinghich was provoked after irritation
Local hyperemia without bleeding
. There is no hyperemia or bleeding
. Exudation from the wound or exposed bone
. Serous exudate
. Puruleniexudate
No secretion
. Pain using a visual analogue scale (VAS)
. The presence of bad smell (fetor) was measured by Halimetar (Tanita Corporation, HC
212S)
All clinical parameters were monitored on three occasions:
- Beforeinitiation of antibiotic therapyn the patient
- Before the start of ozone gas therapy
- After compkting the wound treatment protocol
Patients were monitored for a smonthperiod, followed by improvement of the treatment, or
progression of the clinical stage of disease.

RO TODWAOOTO®NO
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RESULTS
Serous exudate was registeiiad3.8% of thesepatientsbefore treatmentin 76.91% after
antibiotic therapyand in 26.9% after ozone therapy. Purulent exudate was registered before
therapy in 96.2%, in 23.1% after antibiotiierapyandin 7.7% of patientsafter ozone therapy.
No exudate in this growpasregistered only aftevzonein 65.4%of patientTable J.
Table 1.Exudation before and after antibiotic and ozone therapy

Befor Th |After antibiotic Th | After ozone Th

Exudate/therapy
% N % N %
Purulent exudate [25/96.2 | 6 23.1 2 7.7
Serousexudate |1 3.8 | 20 76.9 7 26.9
No secretion 0 0 17 65.4
Summary 26 /100.0 | 26 100.0 26 100.0

Local hyperemia with spontaneous bleeding before treatment was found in 61.5% of patients, and
hyperemia with provoked bleeding in 38.5%. Local hyperemia after antibiotic therapy was
registerd in 19.2% of patients, hyperemwith spontaneous bleeding and, hyperemia with
provoked bleeding was found in 38.5%, and hyperemia in 42.3% of patients. Local hyperemia
after ozone therapy was registered in 23.1% of patients, hyperemia with spontaeedugylih
3.8%; and hyperemia with provoked bleeding was recorded in 23.1% of patients (Table 2).

Table 2.Local hyperemia beferand after antibiotic and ozone therapy

Local hyperemia /group
before therapy N %

No hyperemia

Spontaneousbleeding 16 61.5
Bleeding provoked with irritation 10 38.5
No bleeding 0

Summary 26 100.0
After antibiotic therapy

No hyperemia 0
Spontaneousbleeding 5 19.2
Bleeding provoked with irritation 10 38.5
No bleeding 11 42.3
Summary 26 100.0
After ozone thera py

No hyperemia 13 50.0
Spontaneousbleeding 1 3.8
Bleeding provoked with irritation 6 23.1
No bleeding 6 23.1
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Wound healing before therapy was registered in all patients with disease progression
(100.0%). Wound healing after antibiotic therapy wegstered in 3.8%, partidkaling in 23.1%,
in 38.5% at the stage of the disease and in 34.6%digdaserogressionWound healing after
ozone therapy was registered in 42.3% of patients, partial healing in 19.2%, in 23.1% at the stage
of the diseasand in 15.4% with disease progressidacording to the dynamics index, the pace
of declining progression at the stage of the wound disease betwetrefaey and after ozone
therapy was registered in 8%u®f patientg Table 3.

Table 3.Wound healing &fore and after ozone therapy

Wound healing /group

Befor e therapy N %
Complete wound healing 0

Partial healing of the wound 0

Same clinical stage 0
Progression of osteonecrosis 26 100.0
After antibiotic therapy

Complete wound healing 1 3.8
Partial healing of the wound 6 23.1
Same clinical stage 10 38.5
Progression of osteonecrosis 9 34.6
After ozone therapy

Complete wound healing 11 42.3
Partial healing of the wound 5 19.2
Same clinical stage 6 23.1
Progression of osteonecrosis 4 154

According to Analysis of Variance U, the difference between the median pain values according
to the VAS scale in the second group betweern@@ment values, after antibiotic therapy and
after ozone therapyasstatistically significant fop <0.05 f = 0.000000).

According to the Post hoc Tukey HSD test, the difference is due to a statistically significant
difference between pieherapy after antibiotic therapy prior to ozone therapy after antibiotic
therapyversusozone therapyp = 0.000275, p = 000129, p = 0.001222)Figurel).
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Fig. 1.Pain before and after antibiotic and ozone therapy

According to Analysis of Variance U, the difference between the average Hamiltonian scale in
the first group between pteeatmat values, after antibiotic therapy, and after ozone thenasy
statistically significant fop <0.05 (p = 0.000022).

According to the Post hoc Tukey HSD test difference is due to a statistically significant
difference between prinerapy after antibiotitherapy prior to ozone therapy (p = 0.006422, p =
0.000132) (Figure 2).
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Fig. 2. Fetor before and after antibiotic and ozone therapy

DISCUSSION

Bisphosphonates are the most commonly used drugs in the treatment of bonase®tast
well as hypercalcemia in caneezlated conditions. They perform suppression of osteoclastic
differentiation and activity of cells in bones, leading to their apoptosis (programmed cell death).
The dental interventions, such as tooth extractionh@se patients using bisphosphonates may
increase the risk of BRONZ23].
This study was intended to illustrate the clinical effects of ozone therapy in patients with
bisphosphonate osteonecrosis.
In patients with clinical stage Il / lll, the positive et of this therapy was observed after the
application of ozone, as well as after treatnweitih anantibioticagent with a greater tendency of
decline in patients with ozone therapy.
Agrillo et al [15], in a clinical study performed on 131 patients,atié®d the reduction of pain,
as well as the reduction of the lesion in the arezstdonecrosis. Our results have shown the same
effect of ozone therapy as in their study, vat$tatistical significance in pain reduction.
Ozone therapy can also be dses ozonated water or ozone oil in osteonecrotic lefl®js
The positive effects of ozone therapy have also been explained in the research of Riglaahonti
[13], who usd ozone gas insufflations in the treatment of bisphosphonate osteonecrosis, and
some cases the necrotic part was sequestered and rejected or it was removed by surgery.
Reduction of pain as well as reduction of bleeding and secretion (reduction cfdadasmell in
oral cavity) are the beneditof treatment with local applicatioaf ozone gas in patients with
bisphosphonateelated osteonecrosis of the jaws. In our study, there was a significant decrease in
the secretion, as well as bleeding from the wound in the osteonecrotic area. Ozone therapy for
preventive purposes againstspmperative infection was used by Filipoeical [21].
Page [L12
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They did the application of ozone before, during and after the extraction of the impacted third
molars. They also examined postoperative pain addsimell (fetor) in the oral cavity in these
patierts, and they showed the positive effect of the ozone therapy.

In the treatment of BRONJ, besides antibiotic therapy, some authors like Mbe?3], used
ozone oil as well as laser therapy in its managethantyavepositive effects.

Ozone therapywith its antibacterial action, destroys bacteria or reduces its effect, thus improving
the wound healing in the osteonecrosis regiomaasbeeishownwith the resultobtained irthis

study.

CONCLUSION

Ozone therapy has a positive impact on the reductigpain and & smell (fetor) in the oral
cavity, destroys bacteria, or reduces their effect on wound healing. It also affects the improvement
or maintenance of the clinical stage of osteonecrosis of the jaws.
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LOWER SERUM POTASSIUM LEVEL IS ASSOCIATED WITH MORTALITY AS
CONFOUNDING EFFECT OF MALNU TRITION IN DIALYSIS PATIENTS

Trajceska Lada, Selim Gj, Pavleska Kuzmanovska S, Pusevski V, Sikole A
University Clinic of Nephrology Skopje, Republic of North Macedonia

ABSTRACT

Introduction: Obtaining normal serum potassium level is an important gaakintenance
hemodialysis patients. Hyperkalemia is known to be associated with mottalityis study we
aimed to assess the relationship betweendm@iysis potassium level, nutritional status and
survival in dialysis patients.

Materials and methods: This study used annual cohorts of hemodialysis patients with 36
months of followup. To determine the impact of potassium level on mortality, patients were
followed from the first potassium measurement until death or a censoring event; hypokalemia was
defined by potassium levels below median lev@l5 mmol/l and albumin level below 35g/I was
considered as an index for undernourished. Tdeeendent Cox proportional hazards modeling
was used to estimate the association between potassium level and mortality

Results: A total of 199 patients were included in the study. Mean age was approximately 56
years, about 59% were men and 23% hadstade renal disease caused by diabetes. Albumin
below 35 g/l was observed in 26 (13%) patients. In the folipvperiod53 (26%) patients died,
consisting 0f31 (31%) of the101 hypokalemic an®2 (22%) of 98 hyperkalemic patients. The
KaplanMeier survival rate was significantly better in the hyperkalemic population (34.3D
vs. 31.061.16, p=0.0%). Hypokalemia, when efined as serum potassiu®®.5 mmol/l, was
associated with attause mortality (hazards ratio (HR) 1.857, 95% CI 0.3886, p = 0.051).

The significance was lost in the model after adjustment for albumin level. Only albumin level
determined mortality (p303).

Conclusion: Lower potassium level was associated withcalise mortality, but only as a
confounding effect of malnutrition in dialysis patients.

INTRODUCTION

Dyskalemia is a frequent electrolyte imbalance observed among maintenance hemodialysis
patients. Hyperkalemia is recognized as a silent and a potential life threatening factor. In contrast,
much less attentiohas been paid to hypokalemid.[Sudden cardiac death and arrhythmias are
contributed by rapid electrolyte shifts during dialysiqessally in patients with prédialysis high
potassium level [21]. Serum albumin level is a predictor of nutristatus in dialysis patients
[5]. Association between serum albumin and mortality in dialysis patients is partly explained by
inflammation ad nutition [6]. Severe hypokalemia
in hemodialysis patients usually is a result from low potassium intake (madm)trchronic
diarrhea, etc. [1]In this study we sought to access the relationship betwesahalysis potassium
level, nutritional stlus and survival in dialysis patients.
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MATERIALS AND METHODS

The cohort of 199 dialysis patients from one dialysis centre was divided into two groups
according to the presence of low (below median) or high (above median) potassium serum level
before diaysis. Patients with dialysis vintage more than three months and age above 18 years were
included in the study. Those with active malignancy were excluded. Blood samples were drawn
during routine dialysis sessions. Measurements were obtained within 24 inoar central
laboratory. The dialysis schedule was defined as MoidegnesdayFriday and Tuesday
ThursdaySaturday. Blood was drawn on Mondays and Tuesdays after the long interdialytic
interval. Dialysis prescription consisted of minimum three timesklyedour to five hours
hemodialysis sessions with low flux synthetic membranes. The dialysis concentrate consisted of
2.0 mmol/L potassium. Demographic and clinical variables were obtained from medical histories.
Variables included sex, age, body massin(BMI), dialysis vintage, and presence of diabetes.
Also, serum sodium, calcium, hemoglobin, uric acid, blood urea nitrogen (BUN), creatinine,
cholesterol, phosphorous, CRP, and albumin were monitored. Dialysis adequacy was calculated
by kt/V formula. Paients were followed for 36 months until death, or other censoring
eventStatistical analysis was performed with SPSS 16.0 for Windows: Continuous variables are
shown as mean values and categorical as percentages. Hégitarsurvival curves were applied

to estimate difference in survival in patients with Io(wb e | ow medi an) , or higt
potassium | evel. The median albumin | evel W a s
status.
RESULTS

The mean age of all patients was approximatelyesgis, about 59% were men and 23% had
endstage renal disease caused by diabetes. Albumin below 35 g/l was observed in 26 (13%)
patients. On average, patients were dialyzed for more than 8 years and the vast majority achieved
good dialysis adequacy (meab'K 1.57° 0.29). Renal anemia was treated with erythropoietin and
the mean hemoglobin level of the population was Wwelll6 g/L. The nutritional indices as
albumin and BMI were in target ranges (38.9B, 23.634.61, respectively). The values of C
reactive protein (CRP) as a marker of inflammation showed distinct variations between subjects:
9.8°22.89, range 0-200 mg/l. The distribution of potassium level was-sbkped (Figure 1).

The mean value was 5.4 N 0.94 a%BmmokLdOniyn | eV e
2.6% of patients had potassium levels below 3.6 mmol/L and 3.5% above 7.0 mmol/L.

Serum potassium distribution

No of patients

Fig. 1. Bell-shaped curve of potassium levels distribution
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The comparative analysis of the two study groups on demographic, clinical and dialyss indice
is shown in Table 1. The only significant difference between the two groups was in aloumin and
phosphorous | 29 s9 &BW5.7BN4. 3#40. WW3;49N028R0. 7
respectively. BUN showed a borderline significant difference and higtlees in hyperkalemic
patients v6.2@&.G0N6.29, p=0.066) .

Table 1. Comparative analysis of the two study groups on demographic, clinical and dialysis
indices.

Potassiunt 5.4mmol/L | Potassiun# 5.5mmol/L p-value
N=101 N=98

Men (%) 63(63%) 66 (67%) 0.473
Age (years) 57. 14N13 55. 16 N12 ] 0.334
Time of HD session (hours 4. 11NO0. 3 4. 10N0. 3 0.898
Kt/V 1.56N0. 3 1.57N0. 2 0.902
Hemoglobin (g/L) 115. 81 N1 116. 61 N16 0.751
BUN (mmol/L) 24. 70N6. 26. 6 1N6. 0.066
Creatinine gmol/L) 826. 39N2¢ 849. 27N29 0.606
Sodium (mmol/L) 136. 50N3 136. 12N3 | 0457
Calcium (mmol/L) 2. 12N0. 3 2. 14N0. 2 0.695
Phosphorous (mmol/L) 1. 29NO. 1. 49N0. 5 0.024
Albumin (g/L) 37. 73N4. 39. 98N5. 0.003
CRP (mg/L) 9. 54N18. 10. 39N27)] o081
Uric acid (mmol/L) 411.22N11 400. 81N79 0.528
BMI (Kg/m?) 23. 69N4. 23. 65N4. 0.961

CRP C - Reactive Protein, BUN Blood Urea Nitrogen, BMI Body Mass Index

In the follow-up period 53 (27%patients died, of those 38 (72%) were canigcular deaths
(11 cerebrovascular deaths, 6 acute myocardial infarctions, 3 patients with sudden cardiac death).
The same number of patients had sepsis or cirrhosis as a cause of death (3), one died of malignancy
and five were diagnosed with malnutrition.the high potassium level group, 22 (22.4%) patients
died and in the | ow pot assi waausgmoadaltpandsurvial3 0. 7 %
were analyzed in relation to high or low potassium level, the difference was borderline significant
(34.3)° 0.71 monthys 33.7° 1.16 months, p= 0.051Jhe number of cardiovascular deaths was
similar in both potassium groupsd (18.8%) vs 19(19.3%), p>0.05, respectively], and there was
no significant difference in survival (p=0.57%)% shown in Figurg.
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DRIt MRt € IR ey i S Kaplan-Meier survival for cardiovascular mortality and potassium

Log rank,

Potassium P=0.575

>5.5mmol/L

Surviving
Survived

Potassium
Potassium o + <5mmol/L
<5.5mmol/L

+

Log Rank,
P=0.051 Potassium
2 ed HR1.857, O 0.986-3.496 >5mmol/L

Time of survival
I b Time of survival

FiaKapiMa&mn er estimates of -cawrswi vaanld wiatrid iroevgaasrcd
in relation to |low (below median), or hig

In Coxregression analysis, hypokalemia defined as serutaspom¢5.5 mmol/l, was
associated with attause mortality (hazards ratio (HR) 1.857, 95% CI 0.3886, p = 0.051).
The significance was lost in the model after adjustment for albumin level. Only albumin level
determined mortality (p=0.03).

DISCUSSION

A large prospective study on 81.000 dialysis patients found that potassium correlated with
nutritional markers and patients with potassium below 4 and above 6.3 mmol/l had worse survival
when compared to patients whose serum potassium level was bet@agers8 mmol/l [4] In
our prevalent dialysis patients, theean value of potassiumwés. 4 N 0. 9 4, medi an
mmol/L, with range 1.98.3mmol/L. Only 2.6% of patients had potassium levels below 3.6 mmol/L
and 3.5% above 7.0 mmol/L. The-allusemortality was higher in patients with lower potassium
and albumin level. But, in our study we did not find higher potassium level connected to worse
survival, as itwas the case in other studies [3,7,8he malnutrition overdried the effect of
potassiumAlso, all our patients were dialyzed with 2.0 mmol/l potassium dialysate bath. The
difference in electrolyte shifts and serum to dialysate gradient could not be taken into account, as
were alreadyeen to be predictive for death [3, 9, 2@]our studyhere were only 3 (1.5%) sudden
cardiac deaths, which might explain the limitation of the study in exploring the outcome and
association with hyperkalemia. The presence of sudden cardiac de#thristadies varied from
6-18% [11,12] Multiple studies ha® shown a strong correlation between low levels of serum
albumin and an increased risk of morbidity and mortality in ESRD pafE3#E6]. This strong
association was confirmed in our study as well. The group of patients with lower potassium level
also ha lower phosphorous and BUN, which are recognized as nutritional matkbes. studies
have also reported that serum albumin could be a marker of overall health status rather than simply
a nutritional marker, taking into account its complex physiolfig§]. The interplay between
nutrition, electrolytes and comorbidities defines outcomes in dialysis patients.

New options for better magament of chronic hyperkalemia [18hd improving nutritional
status are to be further investigated.

In conclusion,lower potassium level was associated withcalise mortality, but only as a
confounding effect of malnutrition in dialysis patients.
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THORACOLUMBAR FRACTURES
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Zan Mitrev Clinic, Skopje, Republic of North Macedonia

ABSTRACT

Introduction: Development of a widely accepted, conprasive and yet simple TL
classification system with clinically acceptable intend interobserver reliability for use in
clinical practice and researches, is necessity.Spide thoracolumbar spine injury classification
system was developersing interational consensus process, making it a simple and reproducible
system which consists of a morphologic classification of the fracture, a grading system for the
neurological status, and description of relevant paspstific modifiers.

Objective: The aimsof this study were to demonstrate the Spine thoracolumbar spine
injury classification system can be reliably applied by a group of surgeons and to detect those
injury types which are difficult for spine surgeons to classify reliably.

Materials and methads: AO Spine Thoracolumbar Spine Injury Classification system
consists of a morphologic classification of the fracture, a grading system for the neurologic status
and relevant patiergpecific modifiers was applied t40 cases by 6 spinal surgeons from
Traumatology department, twice independently, in grading sessions 1 monthTdmaresults
were analyzed for classification reliability

Results: Kappa coefficient for altO0 cases was 0% which represents moderate reliability.

For type A injuries, Kappa values describing interobserver agreemen0w&rfor type B injuries
0.50and 061 for type C injuries. All representing substantial reliability. Fracture subtype A4 was
with the lowest level of agreement (Kappa = 0.19). Interobserver analysis demonstrated overall
average Kappa statistic for sype grading of @5 also representing moderate reproducibility.

Conclusion: Study demonstrated moderate interobserver and substantial interobserver
reliability. These results suggest that most spine surgeons can reliably apply this system (AOSpine
Thoracoumbar Spine Injury Classification System) to spine trauma patients as more reliably than
previously described systems

Keywords: Implementation, Validation, AO Spine TLSIS.

INTRODUCTION

Fracture of the thoracolumbar segment of the spine is a fracture wétfebrae, in the segment
of the hollow part of the spine in height between the tenth bony vertebrae and the second lumbar
vertebrae. It occurs as a result of the force effect along the axial axis of the spinal column and
flexion. The most common causeinjury to this segment is a dreip height, traffic accident, in
the multi and polytrauma. This type of vertebrae fractures account for about 45 per cent of all
fracture fracturegl-7]. But despite their frequency, there is still a significant dilemeganding
the choice of treatment, conservative versus surgical treatment.
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These controversies are supported by studies in which, some prefer the advantage of surgical
treatment that emphasizes patient satisfaction in terms of pain relief, better ancefasbilitation
and better functional outcomes, as well as socioeconomic advantage. But there are also studies that
demonstrate the advantage of conservative treatment with good functional results and a small
percentage of morbiditj-14, 1924]. The deelopment of a widely accepted, comprehensive and
simple classification system of thoracolumbar spinal fractures with clinically acceptablandtra
interobserverr el i abi l ity for use in clinical pract.i
classification and thoracolumbar injury classification (TLICS) are vkeibwn, but the TL
classification system did not achieve a universal and international applipi@tioa The lack of
consensus among doctors / researchers complicates studies on these imjuheslamelopment
of algorithms for their treatment. The AO Spit®racolumbar fractures classification system (AO
Spine TL) has been developed using an international consensus, making it a simple and
reproducible system consisting of a morphologicalsifastion of the fracture, a neurological
assessment system and a description of the relevant specific patient mdifiers

Objectives

The purpose of this research is to investigate whether the classification system of
thoracolumbar fractures on theirsp TL spine TL can be reliably applied by surgeons at the
Traumatology Clinic and to detect those types of injuries that are difficult for surgeons to classify
them reliably.

MATERIALS AND METHODS

The study is intended to be an internal observationdlysbd reliability and applicability, as
well as evaluating the reproducibility of the AO Spine TL classification. The research is
retrospectively prospectively, naandomized, to a controlled group of patients before and after
injury, by the researcher d® surgeons from the Traumatology Clinic twice a month, individually
independently of each other. The survey was conducted at the Clinic for Traumatology and
includes 40 patients with fractures of the thoracolumbar segment of the spinal column, ilthe per
from January 2015 to September 2018. The reliability and applicability of Spine TL classification
will be a labeled using th€appa Fliesh coefficient (according to inclusion and exclusion criteria,
patients who will meet the same criteria will be urd#d or excluded in the research. The data
entered in an electronic database and analyzed with software for statistical analysis.

RESULTS AND DISCUSSION

The researcher believes that the results will demonstrate that the Spine TL classification is a
reliable and usable in our conditions. It generates information that provides an excellent basis for
forming a decisiormaking pathway for the proper treatment of these injuries, as well as our
compliance with the appropriate treatment choice

Table 1. Epidemiologicalstatistics
Gender prevalence| Average age

Male 22 +F 52 years.

Female 18 ++ 58
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The light prevalence of male sex in relation to the female sex. The average age in both groups

shows 52 years for males and 58 for feméledle 1)

According to the mechanism of injury, fall from height and traffic accidents account for 75% of

Table 2. Mechanism of injury

Direct fall 10 patients
Fall from height 15 patients
Car accident 15 patients

the causes of these injuri€cable 2).

Table 3.Neurolayical status

Intact

Deficit

34 patients

6 patients

In 6 patients clinically confirmed the presence of some neurological ddfadite 3)

Table 4.Radiological investigations of RTG, CT, MRI,

Time of Investigation RTG C. Tomography M. Resonance
<24 hours 40 patients 31 patients 7 patients
<48 hours / 9 patients 15 patients
<72 hours / / 18 patients

Complete radiological investigation, (RTG, CT and MRI), in conditions of our clinic, necessary
for the application oAO Spne classificiion of thoracolumbar fractures in all 40 patients, was

done during the first 72 hours of the hospitalizatidable 4)

Results of AOSpine classification of thoracolumbar fractures analyzed wthiss Kappa

coefficient for intra and inter observing wdility (Table 5)

The agreement, or degree of compliance, can be considered as follows: if a certain number of
people assign numerical valuesa certain number of references, thenKlappa coefficient will

give value for how consistent they are. Thp coefficient can be defined as a binary / dichotomous
agreement from the same sample between two observers. The latter represents a measure / value
of an agreement between partners (independent assessors) for categorical (hominal or scale) scales
whenthere is a minimum of two assessors in which the data from the response are related to the

same observation.

The value of 1 indicates the perfect deal and 0 indicates that there is no contract, or is no better

than what can be obtained by chance
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Table 5. Interpretation of the values the coefficient Kappa.
</=0 No agreement

0.0-0.2 Weak or poor agreement

0.21-0.4 Fair/Acceptable agreement

0.41-0.6 Moderate agreement

0.61-0.8 | Significant agreement

0.81li 1 Very good / Excellent deal

Results of classification dhe fracturedy basic classification groug$able §:

Table 6. Type A (compression), Type B (disttion), Type C (translational) Interobserver

agreement
Type A Type B TypeC
(Compressive Fractures| (Distraction Fractures) (Transition Fractures)
0.71 0.50 0.61

The internal observational analysis of the main classification groups ¢hahie 6)
- significant reliabiity and certainty for Type A,

- moderate reliaility and safety for Type B,

- significant reliablity and reliability for Type C.

Table 7. Under the types of classification group Type A, toteserver agreement
A0 Al A2 A3 Ad

0.80 0.76 0.69 0.53 0.19

Internal observational analysis of subgroups of type A fractures Jfiabte 7)

- for the typesA0, Al, A2 significant reliability and reliability,

- for type A3 moderate reliability,

- for under type A4 internal observation analysis showed that it is with the lowest value of
reliability and reliability, the lowest mutual agreement (weak agreement)
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Table 8.Under the types of classification group Typelgrobserver agreement
Bl B2 B3

0.61 0.27 0.59

Internal observational analysis of subgroups of type B fractures gfiabie 8)

-for the modes B1 and B3, reliability and reliability,

-for type B2 internal observation analysis showed that it is the lowest value ofeth&appa
0,25 with acceptable reliability and security (acceptagleement

The comparative internal observation analysis of the subtypes showed the followirg result

Table 9. SubiypesCompatibility
A4 B2

0.19 0.25

The A4 and B2 are the lowest values, the lowest mutual agreénadaie 9)

For example case no. 1(P.B. 56 yrs., female, fall from height) The question is what type of
fracture is seen on theray.Type A or Type B? Under type A3, A4? Sub type B2 is associated
with A3, A4?(Image )}

Fig. 1. RTG of thoracolumbar spine
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CT scarand MRI are necessary for additional information and classification of the frattoage
2-3)

P o
Fig. 2 & 3. CT and MRI ofthoracolumbar spine

Classification Type A compressive fracture, type A4.
Next case no. 30 (A.C. 50 yrs., male, car accideiit)e question is what type of fracture is seen

on the xray. Type A or Type B? Under type A3, A4? Sub type B2 soatted with A3, A4
(Image 4)

CT scanand MRI are necessary for additional information and classification of the fracture
(Image 5)

Fig. 5. MRI of thoracolumbar spine
Classification Type B2 distraction fracturettviassociated compressive fracture, type A3.
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CONCLUSION
Summarized results of an internal observational study of reliabnityimplementation of the
new AO classification of thoracolumbar fractures;
-Kappa coefficient (ahistmaderaelrdliabityd cases i s 0. &

-Kappa coefficient (9), for type A injuries,
safety,

-Kappa coefficient (®), for type B injuries |i:
safety,

-Kappacoéeficient (9a), for injuries of type C is
and safety,

-Kappa coefficient (®), for injuries under typ
- Internal observational analysis showed the totakar age val ue of (9). for

which represents moderate reliability and reproducybilit

Having in itself all the necessary data from the analysis of the morphological characteristics of
the fracture, the neurological status of the injusgmkcific modifiers for the patient, the results of
this paper show that the new AO classification of thoracolumbar fractures gives a sufficiently large
number of data, making it useful, reliable and safe for use in the daily work of the Traumatology
Clinic.

It generates information that provides an excellent basis for forming a degiaking
pathway for the proper treatment of these injuries, as well as our compliance with the appropriate
treatment choicg7].
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ABSTRACT

Modern orthodontics is a creatiorr fthe best possible balance between occlusal relations,
dental and facial esthetics, result stability and their maintenance Ilagsmveeth restoration
Regular or irregular vertical development of the facial skeleton is connected to multiple skeletal
groups: nasomaxillary complex, alveolar processes and mandible. According to Beckmann, a
significant correlation exists between the incisal rates and maxillary and mandibular dentoalveolar
height, symphysis size, maxillary and mandibular surface. He condhdetbng face cases had
longer mandibular alveolar height, which was connected to a tight form insteatheincreased
symphysis volumeAlso, a connection exists between the size of the mandibular symphysis, the
chin and the vertical dimension andorphological and dentoalveolar structure of both jaw
systems. Determination of this connection can be useful in predicting the treatment success in
overbite problems Haskdihe goal of our study is to show the symphysis shape, size and form in
respondengroupsDepending on the vertical incisal rate characteristingrbite, the respondents
were divided in three groups: first group was consisted of respondents with open bite, meaning the
overbite smaller or equal td mm, the second group was consistespbondents with deep bite,
meaning the overbite is over +4 mm, and the third control group consisted of respondents with
normal overlap, meaning the overbite is more than +1 mm, but lower or equal to +4 mm. Height
of symphysis in respondents with opetebivas largest, and smallest in respondents with deep
bite, compared to the control group. Depth of symphysis is the largest in the deep bite group, and
the smallest in the open bite group.

The data obtained for symphysis height and depth can be usditimeds treatmentuccess
in open and deep bites.

Key words: overbite, deep bite, height of symphysis, depth of symphysis

INTRODUCTION

Examining the factors that influence facial harmony and disharmony, it is proven that facial
components are inheriteggardless of one another, and not as a complex that leads to different
facial configuration creation3.he facial configuration and facial expression depend primarily on
the constitutional build of the skeleton, facial bones position and alignmentpplee and lower
jaw position, bite type, sofissue components covering the facial base, as well as nose, lip and
chin size.
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Modern orthodontics goal represents the best possible balance between occlusal relations,
dental and facial esthetics, result silband their maintenance as well as teeth restorftipn
Regular or irregular vertical development of the facial skeleton is connected to multiple skeletal
groups: nasomaxillary complex, alveolar processes and marithigee is connection between the
structure of the front part of the maxilla and mandible and the lower part of the face, so in the case
of open or deep bite, the dentoalveolar development can be insufficient to compensate the
oversized or undersized detachment of the jaw syséexordingto Beckmann et aj2, 3] a
significant correlation exists between the incisal rates and maxillary and mandibular dentoalveolar
height, symphysis size, maxillary and mandibular surface. The authors concluded that long face
cases had longer mandibular alag height, which was connected to a tight form instead of to the
increased symphysis volume. They also analyzed the contribution of the alveolar process structures
and the basal bone in relation to lower face height and ascertained that longer loweasface
connected to a larger maxillary and mandibular alveolar process area and basal bone, and that a
lower face was connected to a lower maxillary and mandibular frontal alveolar process area and
basal boneBeckmann et a[2, 3] conducted measurements 480 cephalograms of untreated
patients and proved that the cases with short facial structure had a lower area and wider and shorter
symphysis form. Even though cephalograms weredingensional, they showed that symphysis
volume was smaller in cases withen bites and larger in cases with deep bites. Open bites could
cause symphysis enlargement and elongation as well as shortening thejd]féwoording
Haskel[5, 6], a connection exists between the size of the mandibular symphysis, the chin, the
overbte and morphological and dentoalveolar structure of both jaw sys&amsoun[7] and
Schudy[8] designated two different types of face forms in literature known as: skeletal open bites
or hyperdivergent and skeletal deep bites or hypodivergent face Dgtermination of this
connection can be useful in predicting the treatment success in overbite pri@lems

The goal of our study is to show the symphysis shape, size and form in groups with open
and deep bite.

MATERIALS AND METHOD

For the realizationfathe set goal, examinations were conducted on 90 individuals from both
sexes, aged 1B5, randomly chosen from the Clinic of orthodontics at PHDental Clinical
CentrefiSt. Pantelejmomin Skopje.

Selecting the respondents taking part in realizingseéttegoal was based on the following
criteria: individuals that had not previously underwent orthodontic treatment, with no great
craniofacial disorders and with complete dentition.

In relation to the characteristics of the vertical incisal rate, the mnegpts were divided in
three groups and classified as:

u The first group consisted of respondents with open bite, where the vertical incisal
rate is lower or equal tdl mm,

u The second consisted of respondents with deep bite, where the vertical incisal rate
is over +4 mm, and

u The third group consisted of respondents with normal incisal overlap, where the
vertical incisal rate is more than +1 mm, but lower or equal to +4 mm. This group was also the
control group.
Every group consisted of 30 respondents, 15aferand 15 male, that came in the period from
20092015.
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In the respondents from the research groups, standardized clinical and diagnostic procedures
were conducted with-ray cranial imaging in a standardized way in normeréis.

The linear parameterssed in the research are:

u Symphysis height (SH mm). The distance between the points Infradentale and
Menton, (highest point of the alveolar point on the mandible and the point where the shadow of
the mandible base and the shadow of the chin profile meet)

u Symphysis depth (SD mm). The distance between the most prominent point of the
chin profile (Pogonion) and the most prominent point of the symphysis posterior wall.

The statistical data analysis was conducted in SPSS for Windows 17,0 program.

u For data testg we used ShapiriVilk's W test.

u For data depiction descriptive statistics was used.

u For comparison of the analyzed parameters between the three analyzed groups, we
used One way Anova, and for intgroup differences we used Tukey test.

u For comparison ahe analyzed parameters in relation to gender the Student "t" test
was used.

u The levels of probability for achieving null hypothesis, concordant to international

standards for biamedical sciences were 0.05 and 0.01

RESULTS
Average value of the symphydigight parameter SH in the three analyzed groups (open,

deep and normal bite) is 33,9N3,2mm, 25, 7N3, ¢

difference in average symphysis height between the three analyzed respondent groups is
significant. (F=35,2 p<@1). Intergroup difference shows that this parameters have significantly
different average values between the three comparison pairs: open bite to deep and normal bite, as
well as deep bite to normal bite. (Table 1)

Table 1. Symphysis height SH in groupwith open, deep and normal bite
Symphysis Height SH

Group mean SD min-max median
Open bite 33,9 3,2 25-39 34
Deep bite 25,7 3,8 20-32 24,5

Normal bite 29,65 2,0 26-32 30
F=35,2 p<0,01

tested differences | post hoc open vs degx0,01
open vs normal p<0,01
deep vs normal p<0,01

Gender influence over SH size confirmed as significant only in the deep bite group (t=5,246
p<0,01), in this group the male respondents present significantly larger SH parameter compared to
femal e respondents (28,6N2, 7mm vs 22, 8N2, 1mm).
differences in average SH parameter size between male and female respondents is insignificant to
be presented as significant (p>0.05). (Table 2)
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Table 2. Sex differenes for symphysis height SH in groups with open, deep and normal
bite

Symphysis Height SH tested differences
Group Sex mean SD min-max median
Open bite Male 35,1 2,4 30-39 35 t=1,794
Female 32,7 35 2537 33,5 p>0,05 ns
Deep bite Male 28,6 2,7 23-32 30 t=5,246
Female 228 2.1 20-27 23 p<0,01 sig
Normal bite Male 30,4 1,5 28-32 30,5 t=1,761
Female 28.9 2.2 2632 28 p>0,05ns

Statistics analysis shows that for the value F=48,2 (p<0,01), a significant difference exists in
average parametees for symphysis depth SD between the three analyzed groups. The significant
difference is based on the considerably shorter average parameter length in the open bite group,

compared to the deep bite group (12,t@3H&1, 3mm
control group (12, 75N1,3mm vs 14,3N1,5mm), f
parameter |l ength is present in the control gr
17, 1N1,5mm). (Table 3)
Table 3. Symphysis depth SD in groups witlopen, deep and normal bite
Symphysis Depth SD
Group mean SD min-max median
Open bite 12,75 1,3 10-15 13
Deep bite 17,1 1,5 14-19 17
Normal bite 14,3 1,5 12-17 14
F=48,2 p<0,01
tested differences post hoc open vs degx0,01
open vanormal p<0,01
deep vs normal p<0,01
Average symphysis depth in male and female re
and 12, 7N1,6mm respectably, in the deep bite
respectfully, and inthe ont r o | group it is 14,6 mmAdragh mm i

symphysis depth parameter size is not significantly dependent on the gender in none of the
analyzed groups. (Table 4)

Table 4. Sex differences for symphysis depth SD in groups with opateep and normal bite

Symphysis Depth SD tested differences
Group Sex mean SD min-max median
Open hite Male 12,8 1,0 10-14 13 t=0,168
Female 127 16 10-15 12,5 p>0,05ns
Deep hite Male 17,2 1,6 1419 17 t=0,219
Female 17.05 1.5 1519 17,5 p>0,05ns
Normal bite Male 14,6 1,5 12-17 14,5 t=0,896
Female 14 15 12-17 14 p>0,05ns
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DISCUSSION

The tested difference in average symphysis height between the three analyzed groups is
significant. Our results correspond to the results of Beckrar8j and Ceylafl0, 11] In the
open bite and normal bite group, the difference in average SH parameter size is insignificant to be
presented as significant (p>0.05). Gender influence over SH size confirmed as significant only in
the deep bite group (t=318 p<0,01), in this group the male respondents presented significantly
|l arger SH parameter compared to female respon

In studies done by Backmaff) 3], it was postulated that symphysis size was determined by
a characterig factor deduced form the factors that control lower face height. The studies clearly
show that symphysis height is connected to the vertical incisal rate. The control factor can be a
genetic factor that determines the overlap.

Descriptive statistics fasymphysis depth shows that the average values in the open bite group
is concordant to the Ceylfl0, 11]findings, however the deep bite average values are larger than
the findings in the same one. In all three respondent groups, a statistically aigrdffeerence in
gender does not exist.

CONCLUSION

Symphysis height in respondents with open bite was largest, and smallest in respondents with
deep bite, compared to the control group. SH analysis in relation to gender shows no statistically
significantdifference in open and normal bite groups, however in the deep bite group is (p<0.01),
meaning that height of symphysis is larger in male respondents compared to female respondents.

Symphysis depth is the largest in the deep bite group, and the shmatfesbpen bite group.
No differences were noticed in relation to the gender in all three respondent groups (p>0.05).

The data obtained for symphysis height and depth can be used to anticipate treatment success
in open and deep bites.
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ABSTRACT

Background: Perineal defects occur due to infections, trauma or after tumor resection in the
region. There are many options for reconstructions, from spontaneous healing to free flaps.
However, usage of local flaps seems most reasonable and feasibéep&ineum bears several
orifices, this can lead to infection and reconstructive failure. That is why, these defects are really
challenging for plastic surgeons.

Case report: We present a case of reconstruction of vagiadneal defect after resectiof
proliferative vulvar planocellular carcinoma, by using internal pudental artery perforator flap
(iPAP) designed in a propeller fashion.

Conclusion: Propeller perforator flaps are novel reconstructive methods that can be used
successfully for perineaéconstruction, resulting in good functional and aesthetic outcome with
minimal donor site morbidity.

Key words: perineum, reconstruction, propeller, perforator, flap.

INTRODUCTION

Perineagenital defects can occur due to infections, trauma or maiftéyr, resection of tumors
in this region. There are many options for reconstruction of these defects, from spontaneous
closure, skin grafting, vacuum assisted closure, up to reconstruction with free flaps. Selection
depends on the size dfg missing tisse, among otherd].

Perforator flaps are local flaps nourished by a known perforator vessel that is directly
skeletonized intraoperative or preoperatively detected with pencil Dopgdera freestyle
perforator flag2]. As we know f r o mstudyg thdrecare ingre tadh0sperforaiors
in a human body3]. Perforator flaps are safe and dependable methods in plastic surgery that
reconstruct alike tissue. When perforator flap is rotated around the vessel which is a pivot point of
rotation, it beomes propeller perforator flgd]. The concept was born in 1991, Byakusoky
who gave the term in order to describe an adijgbger mal f |l ap t hat has been
a centrallyi based subcutaneous perforafb}. Hallock in 2006 used an eateically based
skeletonized perforator and managed tarbte t he f | a p [6] Adlear deSirdtidn ok r o u n d
propeller flap was given in 2009 by the advisory panel of the first Tokyo meeting on perforator
and propell er f | aigasdflapthatoeadhes the reciditd througheas axaln A
rotatiord [7]. The difference between a propeller flap and other pedicled flaps imtvament
her e i s i athatthdflaps tunmareundiamigot thathe pediclein fact.
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Accordirng to the Gent consensus on perforator flaps, perforator propeller flaps should be
named after their nutrient vessgss.

Perineal region has a rich vascularization arriving from branches of femoral and iliac arteries.
It comprises the skin boundaries bétperineum, divided in anterior and posterior pénere are
many perforatorscoming out fromsuperficial circumflex iliac superficial inferior epigastric
supeficial external pudendal, deep external pudendaturator perinealandinternalpudendal
artery.These perforatorscdne t he b a s i s[9]flmernal pudemtpl areery pedosators n
(iPAP) are found in dense fatty tissue of ischiorectal fossa, identified as a vascular triangle
connecting three points: ischial tuberosity, the anuslandr vaginal orificium (lower scrotal
raphe). One perforator has a wide vascular territory and flaps with dimensions up to 20 cm length
can be harw&ed[10].

We present a case where bilateral iPAP propeller flaps were used in reconstruction-of vulvo
perineal defect after excision of massive vulvar carcinoma.

CASE REPORT
A 67 years old lady was referred to gynecologist for treatment of a proliferative neoplasm in
vulvar-perineal region.

£

Fig. 1.Local appereance of the vulvperineal carcinoma

tstarted to grow as a nodule on the | abi a
evaluation due to embarrassment. Lately, patient had difficulties when voiding, defecating and
walking and also, moderate pain was present. Biopsy was made, ancefldaocarcinoma was
revealed. Ultrasonography examination of inguinal regions and CT imaging of pelvis, showed
enlarged lymph nodes in the right inquinum, with no progression in the minor pelvis. Colposcopy
examination found an infiltration of vaginaitroitus and its distal portion. Treatment plan was
radical carcinoma removal and reconstruction of the defect that will follow. Bilateral groin

dissections were also planned to be done. Those were the reasons why plastic surgeon took place.

Reconstructiomwomprised bilateral freestyle iPAP propeller flaps.
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OPERATIVE TECNIQUE:

In general anesthesia, patient was set in a lithotomy position and Foley catheter was put. Using
pencil haneheld Doppler probe, perforators of internal pudental artery were fouthe ivascular
triangle of ishiorectal fossa. The upper most perforator was marked as a pivot point as the plan
was a propeller flap. The flap was marked in the gluteal fold.

Fig. 2. Preoperative markings for flap harvestindetected perforators areted

Gynecologist removed the carcinoma with resection of the distal part of the vagina and whole
perineum down to healthy tissue.

Fig. 3. Defect after resection of the carcinoma

After resection, reconstruction followed. Harvesting started fronaltlistpwards, using 3x
magnification loops. In thick fatty tissue, with no fascia, it is difficult to skeletonize the perforator
totally. That is why a part of the tissue was
rotation to be made arodnThe flap was then rotated in vaginal direction and its distal part (now
upper) sutured to the remnant vagina and adjacent tissue.
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Fig. 4.F | a pesation e

After one side reconstruction, another iPAP was raised from the opposite side in the game wa
and placed similarly as the previous one. In the midline of the perineum, both flaps were sutured
together.

Fig. 5. Final reconstruction with bilateral flaps

Penrose vacuum drains were introduced in donor sides, bilaterally. When reconstruction
finished, radical inquinal lymphadenectomy was made bilaterally, where vacuum drains were set
in as well.

After operation, among other therapy, antibiotics and blood components were administrated.
Low molecular weight heparin was included as patient was abtiasest several days restraining
eating solid food. Flaps had good color, adequate capillary refill and temperature with no vascular
suffering. Flap edema and imbibition were obvious at the beginning, but it settled down after
several days. Drains weremoved on day 5 and patient discharged home on day 10. Healing was
uneventful regarding reconstruction. There was seroma collection in the right inquinim with some
lymphorrhea, which stopped after few aspirations.

Pathology sampling showed invasive plamellular carcinoma with moderate differentiation,
metastasis in two lymph nodes right, and in one lymph node left. As resection was very close to
tumor margins, patient was sent to radiologist where brachytherapy followed after 3 months post
op. Patienfelt good with no progression of the tumor, neither locally nor regionally. Three years
after operations, she is still under follayp. Reconstruction was sufficient with minimal donor
side morbidity, no restrictfactonns i n patientoés
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Fig. 6. Result several months after operation

DISSCUYON

Plastic surgeons are often part of multidisciplinary teams when dermatologists, urologists,
gynecologists, abdominal surgeons, orthopedics etc., ask for their exjeréisenstructive field.

The aim of reconstruction is to rebuild the lost tissue with similar tissue leading to sufficient
functional and aesthetic results with minimal morbidity at once. Additionally, the aim of
reconstruction of the perineal region isntaintain its excretory and sexual function. This region

is challenging for plastic surgeons due to its intimacy to several orifices, which on other side, due
to these orifices, is prone to infemts and reconstructive failurgls 9].

Defect in perineategion can be treated according to the reconstructive ladder: at the easiest
way, it can be left to close spontaneously by secotghiion or can be skin graftgt]. However,
these approaches in larger defects lack good functional and aesthetic kfgdistaneous flaps,
as tensor fascia lata or rectus femoris, have high donor site morbidity and are very bulky. Free
flaps can be applied as well, especially for bigger defects, but they bare the high madadit
and higher failure risk1,2]. When theoptions for local reconstructions are gone, especially in
cases of radiotherapy, present fistulas or many previous operations, or when defects are larger, free
or distant flaps come in as an alternative. However, due to rich vascular supply of perineum,
approach with local flaps reconstruction seems most reasonable as it reconstruct witbsalke
resembling good resulf9,10].

Internal pudental arterig a branch of internal iliac artery, running inside the sacrotuberous
ligament, giving several pernfators in ischiorectal fossa, where lastly, it emerges as perineal
artery. Pedicled flaps based on these perforators have been reported for perineal reconstruction, as
trasnpositional, W advancement, gluteal fold, iPAP thidlap and iPAP propeller flag]1,10].

In our case we used iPAP propeller flap using gluteal fold tissue for reconstruction. This has an
advantage in cosmetics as the donor site suture is in the gluteal fold. Moreover, when groin
dissection is planned in continuity of anogenital gama resection, such in our case, femoral
artery becomes unstable and reconstruction using gluteal fold tissue seems ideal as it is far away
from the lymphatics that drain anuwogenital region.
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Additionally, being far away from subsequent irradiatidatenl fold tissue can be utilized for
reconstruction of radiatiohinduced injuries. It can reconstruct voluminous tissue defects as in
obese patients, but also thinner flaps can be raised leaving smaller donor site scars. Axial rotation
can be done in nmy directions allowing coverage of different local defects, for exampigaisc
defects in pressure ulcdis9,10]

Perforators of the arteries can be indirect (myocutaneous, septocutaneous) and direct
perforators such the case #fA perforators ig11]. Here, they are branched into the fatty tissue,
surrounded only with fat, without adjacent fascia, allowing a wider arc of rotation without much
skeletonization. Actually, total dissection of the perforator is not even recommended because the
perforator $ situated only in fatty compartment allowing easy mobilization of the planned flap.
[10] As described by Mardini and Wei, preoperative Doppler signal mapping is sufficient for
perforator detection and with gentle dissection, freestyle perforator flapeceai®d on it[12].

We applied the advices, marked the desired perforator detected with pencil Doppler, raised the
flap and axially rotated for 100A, good enouc
It is necessary to detach any tissesulting in pedicle kinking or twisting as these can lead to flap
ischemia.

Propeller flaps canhave 901 8 0 A angl e of axi al rotation wit
They are ideal for small to moderate defects in different body parts: head andipeekand
lower extremities, trunk. Advantages for their utilization are: freedom in their design as a freestyle
perforator flaps regarding soft tissue volume needed; they are faster and simpler reconstructive
method comparing to free flaps; possibilioydse local tissue that is more similar to the missing
one; easy and fast harvesting when adequate technique is used; the donor site morbidity is minimal.
Having in mind the above and technical refinements achieved lately, indications for perforator
propeler flap reconstrugons are constantly increasifgj.

CONCLUSION

Perineagenital defects are challenging for reconstruction. With rich vascularization in the
region, there are many reconstructive options. However, reconstruction with local simiigissu
preferred method. Reconstruction with perforator flap is novel approach for local flap usage.
Reconstruction with iIPAP flaps can be successful and great alternative for traditional or free flaps.
When being propeller, it can cover large defect, egfigcivhen used bilaterally, gaining the
possibility to reconstruct complex wound. On the other site, it is easy and fast to harvest with some
specific technical considerations. This flap has many advantages over traditional flaps such as
better functionalaesthetic results and low dongite morbidity, among others.
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ABSTRACT

Aim: To review to date published results on the topic of histopagiedl changes of the
placenta, umbilical cord and fetal membranes in patients with preterm delivery and evaluate their
association with microbial invasion of the amniotic cavity and placental disc.

Material sand methods:The PubMed index was searcheddentify relevant articles, studies
and abstracts published in English in the past 20 years-@@F%. The following keywords were
used: placenta, placental pathology, chorionamnionitis, amnionitis, funisitis, pPPROM (Preterm
Premature Rupture of the Menalmes), intra amniotic infection and intra amniotic inflammation.

Results: The results of the reviewed studies show that histopathologic changes classified as
chorioamnionitis, deciduitis, vilitis and funisitis, can be present even in settings thatitacél cl
expression of the syndrome, such as high temperature, tachycardia and leukocytosis. The presence
and intensity of the inflammatory changes are inversely proportional to the gestational age. These
findings are more often present in cases of extreatiger than in cases of moderate to late
prematurity (94.4% in deliveries between24 g.w contrary to 10.7% in deliveries at3a@ g.w).

At the same time, the detection rate of microbial invasion of the amniotic cavity varies in wide
range from 7.474%, cepending on the method used for sample collection (microbiological smear,
amniotic fluid culture or PCR).

Conclusion: Histological verification of chorioamnionitis is far more often than the clinical
manifestation of the syndrome in patients with pretedoot. Considering the discrepancy between
pathohistological findings and detection rate of microorganisms ethologically associated with
placental inflammatory changes, the necessity for development of more sensitive techniques for
microbial detection ha®tbe prioritized.

Keywords: placenta, placental pathology, chorionamnionitis, amnionitis, funisitis, PROM,
intra amniotic infection and intra amniotic inflammation.

INTRODUCTION

Preterm delivery is one of the most challenging problems that contempaamatplogy
faces. According to the World Health Organization (WHO) estimations, each year approximately
15 million babies are born prior to the'3gestational week (g.w) [1]. Complications associated
with preterm delivery are direct cause of mortalityalmost 35% out of 3.1 million newborn
deaths. They also represent the second largest cause ofivadaortality.
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On the other hand, premature newborns are exposed to increased risk afevalopmental
disability due to increased risk of cerebralgy, hearing and sight impairment, behavioral and
cognitive functions impairment (Attention Defitlyperactive Disorder) [2].

According to the globally accepted definition of WHO from 1977, preterm delivery is considered
every delivery prior to 37g.wor 259 days counting from the first day of last menstrual period.
Depending on the gestational age, preterm delivery is divided into three categories: extremely
preterm, less than 28 g.w; very preterm, starting froffi2gil 32"¢ g.w, and moderate to &t
preterm, starting from 32 until 37" g.w. The group of moderate to late preterm is divided into

two sub groups: moderate, from"3g 34" g.w, and late, from 3%to 37" week][3].

Preterm delivery is considered a syndrome. There are two main grbfagsors responsible. The

first one are those arising from the necessity for emergency or elective termination of pregnancy
due to reasons associated with the condition of the mother or the fetus, so called iatrogenic factors.
These include preeclampsimminent eclampsia, eclampsia, HELLP Sy., intrauterine growth
restriction, intrauterine fetal asphyxia or fetal distress, bleeding placenta previa or placental
abruption and preexisting maternal conditions that deteriorate during pregnancy. This group of
indications counts for almost 20% of all preterm deliveries. The second group are premature
preterm rupture of membranes (pPROM) and preterm labor. In around 20% of cases, preterm
delivery is a result of pPROM, but in almost 40% of cases preterm deligeayresult of
spontaneous onset of uterine contractions. Large number of risk factors are listed in literature,
which are responsible for this syndrome, starting with maternal history of preterm delivery in
previous pregnancies, multiple gestation, earlpdvanced maternal age, short intenetheen
pregnancies etc. [2, 4pmong the etiological factors attracting most attention are intrauterine
infections and their association with inflammatory changes of thepfatental unit. Nearly one
guarter (26%o0f premature babies die due to infection [5]. Evaluation of the histopathology of the
placenta, fetal membranes aheé umbilical cord in these patients shows that the prevalence of the
acute inflammatory lesions varies from22%, and it is inverselyrpportionate to the gestational

age [6].The aim of this review is to summarize data that have been published to this date, on the
prevalence of histopathological changes of the placenta, fetal membranes and the umbilical cord
in patients with preterm dekry and the correlation between these changes and the gestational
age. We also evaluated the association between preterm delivery and microbial invasion of the
amniotic space and the placenta.

MATERIALS AND METHODS

Through PubMed index search, we idéet articles and abstracts, written in English,
published in a period of 20 years (198315). We searched for the following key words: placenta,
placental pathology, chorioamnionitis, vilitis, funisitis, preterm delivery, pPROM, intra amniotic
infection and intra amniotic inflammation. Out of the total number of published studies, we
selected those with full free access, review articles, randomized controlled trials, expert reviews,
recommendations and statistical data published by relevant institutiohsas WHO and NICE
(National Institute for Health and Care Excellende)the process of evaluating the quality of
selected studies advantage was given to those studies dealing with the issue in question, i.e.
evaluation of the degree of inflammatory ngas of the placenta, umbilical cord and amniotic
membranes, classified according to the criteria of Ameniotic Fluid Infection Nosology
Committee of the Perinatal Section of ®eciety of Pediatric Patholody].
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For the analysis of association beemethe inflammatory changes of the placenta and the
presence of microbial invasion of the placenta and the intra amniotic compartment, we evaluated
studies and articles that used microbiological smears taken from the border between the placental
disc and he amniotic membranes, as well as studies and articles that used amniotic culture and
PCR (Polymerase Chain Reaction) for identification of bacterial rDNA (ribosomal DNA) in the
amniotic fluid, as a method for isolating and identifying microbiological esgen

RESULTS

During the second half of the XX century, the scientific community started to show interest in
the possible association between preterm labor and delivery, and the infections of the feto
placental unit. During the 1960ies and the 1970ies,dBVW&A, Naeye RL and Fujikura T, started
to publish data from their research which was focused on the association between ascending
vaginal infections, caused by bacteria, fungi and viruses, and histopathological changes of the
placenta defined as placergior choriamnionitis. Still, a more serious advance in this field was
made in the last decade of the XX, and at the beginning of the XXI century.
In 1996, Borralho P. published the results from a study performed in 1993. In this study, he
histopathologicly evaluated 280 placentas from patients with preterm delivery. In as high as 38%
of analyzed tissue samples, signs of chorioamnionitis were detected. Nevertheless, only 13% of
the patients had clinical signs of chorioamionitis. As the author concluteg@révalence of the
microbial invasion and the type of the microbiological agents responsible for the expression of the
histopathological changes of thiacenta are still unclear [8h 1995, Monga M. and Blanco JD,
published results from a systemateview of 15 studies in which amniocentesis for amniotic
culture was performed in patients with preterm delivery. They reported 12.2% success rate in
isolation of microbiological agents, with variations efi8%, depending on the characteristics of
the exanned population and method used for cultivatibtistopathological analysis of the
placentas in these studies showed that in 60% of the cases there were histopathological signs of
chorioamnionitis. Considering that their analysis showed positive correlagiween the positive
amniotic cultures and histopathological changes of the placenta, it was a logical conclusion that
intra uterine infection leads to inflammatory changes of the placenta. Hence, intra amniotic
infection is responsible for the onsetl@bor and initiation of the process of preterm delivery [9].

Classification of the histopathological changes of the placenta

In 2003, Redline RW and his associates, promoted and validated a complete set of patterns of
placental response that can be id#adiin cases of infection of the amniotic compartment, hoping
to establish a standard diagnostic frame that would be pragmatic for everyday use. This standard
frame was established based on analysis of 20 cases from the archives of the university clinic i
Cleveland, USA. Six pathologists were included in the study. Each pathologist analyzed 3 tissue
samples from each of the individual cases (umbilical cord, amniotic membranes and -one full
thickness section of the placental disc). After the primary evatuatf the tissue samples, the
same samples were analyzed within the group. In the end, the results were revised based on
modified criteria. Sensitivity of 6200%, and specificity of 8200% was reached, depending on
the diagnostic criterion in questioh]. The whole system of classification of placental lesions is
presented in Table 1.
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Table 1. Patterns of placental response associated with amniotic infection: nomenclature and

definition

Diagnostic categories

Suggested diagnostic terminology

Definition

MATERNAL INFLAMMATORY RESPONSE

Stage

1i Early

Acute subchorionitis or chorionitis

PMN in sub chorionic fibrin and/or membran
trophoblast

21 Intermediate

Acute chorioamnionitis

Diffuse-patchy PMN in fibrous chorion and/or amnior]

31 Advanced

Necrotizing chorioamnionitis

PMN karyorrhexis, amniocyteegrosis, and/or amnion
basemenmembrane thickening/hyper eosinophilia

Grade

17 Mild i Moderate

No special terminology required

Not severe as defined below

Severe acute chorioamnidisi or with sub

Confluent PMN (nGxtehtd betweerd

27 Severe SO chorion andd eci dua; O 3 isol g
chorionic micro abscesses
band
Subamnionic mononuclear cellinfiltrate  with
Other Chronic (or subacute) chorioamnionitis occasional PMN(meconium and hemosiderioaded

macrophges excluded)

FETAL INFLAMATORY RESPONCE

Stage

17 Early

With chorionic vasculitisor umbilical
phlebitis

Intramural PMNchorionic vessels and/or umbilical vein

With umbilical vasculitis (one or two|

21 Intermediate arteriesi vein) or umbilical panvasulitis \I/rl}tirrz]i)mural PMNumb i 17 cal artery
(all vessels)
) Wlth (subacute) necrotizing funisitier PMN N associ ateatdc bandsingsihaos
31 Advanced with .
. . . . aroundone or moraimbilical vessels
concentric umbilical perivasculitis
Grade

17 Mild i moderate

No special terminology required

Not severe as defined below

With a severe fetal inflammatory respong

Near confluent intramural PMidhorionic and/a

21 Severe or W't.h. intense - chorionic - (umbilical) umbilical vesselsvith attenuation/degeneration of VSMQ
vasculitis
Other With associated fetal vessel thrombi Recent thrombosis associated with intramural PMN

Other specific features

Peripheral funisitis

Acute villitis

Acute intervillositis with intervillous
abscesses

Decidual plasma cells

Focal aggregates of PMN at the umbilical cord surface
PMN in villous stroma (or between trophoblast and stron
Patchydiffuse PMN in intervillous space

Unequivocal plasma cells in decidua basalis or capsula

PMNi polymorhonuclear leuckocyte; VSCMvascular smooth cell muscles
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The same author in 2015 published his experts review, redefining the criteria for
histopathological evaluation of the placenta. These criteria were presented at the Amsterdam
international corsnsus of criteria for diagnosis of placental lesiéwtsording to the author, these
criteria, presented in Table 2, represent an extensive basis for implementing a comprehensive
system or systematized framework that includes all placental lesions [11].

Although it was not in the focus of the group, the following recommendations for tissue
sampling of the placenta were introduced:
1 To submit at least 4 samples
1 One of the samples should include 2 cresstion blocks of the umbilical cord and a
roll of extra placental membranes which includes a part of the marginal parenchyma
1 Other samples should contain ftiickness sections of normal appearing placental
parenchyma provided from within the central two thirds of the placental disc, including
one adjacenio the umbilical cord insertion site
Using Redlines criteria, adopted by tmniotic Huid Infection Nosology Committee of the
Perinatal Section of the Society of Pediatric
7.505 placentas from singleton pregnancies, delivered aftey.20 They used placentas of term
pregnancies as a dool. The analysis showed significantly higher presence of inflammatory
changes of the placenta, defined as acute choriamnionitis, in the group delivered betwe®n the 21
and 24" g.w and the trend was descendent in groups with higher gestational ageeVlence
of the inflammatory changes of the placenta in the first group was up to 94.4%, contrary to 39.6%
in the group at gestational age of28 weeks, and 35.4% in the group at gestational age-8228
weeks. Only 10% of patients with salled late prematurity, 3336 weeks demonstrated
inflammatory changes of the placenta. Analyzing the placentas of the term patients in the control
group, they concluded that the presence of spontaneous contractions and cervical dilatation >4 cm
represent an additiahpoor prognostic factor, if it is to be evaluated in the function of time. The
prevalence of the inflammatory changes of the placenta was 4 times higher in this group, contrary
to the group of patients with no spontaneous onset of uterine contractih68o(¥s. 4.7%,
p<0.01). It was also presented that the frequency of acute choriamnionitis increased if the length
of the delivery was higher and the cervical dilatation was more than 4 cm (30.4% vs. B].6%) [
They proposed two possible scenarios asxptaeation. First, microbial invasion of the amniotic
space in patients with spontaneous onset of labor, when amniotic membranesars imgher
(17% vs. 1.5%) [1R Second, uterine contraction, by themselves, have an inflammatory basis. The
chorionand amniotic membranes, provided from the patients with evident contractions, display a
high expression of chemokine receptors specific to neutrophils and monocytes, as well as for the
inflammatory proteins specific to macrophages, even though there aewishent signs of
chorioamnionitis. These findings correlate with the reports of increased concentration of
chemokines such as 48, cytokines I:1 and IL-6, chemotactic proteins, as well as growth
associated oncogenes, in the amniotic fluid of term patigith spontaneous onset of contractions,
contrary to those with no contractions.
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Table 2. Placental classification (incorporating the 2014 Amsterdarcetal Workshop Group
criteria)

3 Superficial implantation/decidual arteriopathy
=S Developmental I - :
3 ncreased immature extravillous trophoblast
c;@ Global/partial
© Early: distal villous hypoplasia
% Malperfusion Late: accelerated villous maturation
7 Segmental / complete
Villous infarct(s)
s ., Abruptio placentae (arterial)
g5 . .
g E Loss of integrity g/lfurtgelnal abruption (venous)
< Chronic
0 Villus capillary lesions
» 2 Developmental | Delayed villous maturation (maturation defect)
% i: Dysmorphic villi
o < Global/Partial
o 3 Obstructive lesions of the umbilical cord
.y < Recent intramural fibrin in large fetoplacental vessels
°—3° K Malperfusion Small foci of avascular or karyorhectic villi
A % Segmental/complete
< 7 Chorionic plate or stem villous thrombi
I o] Large foci of avasculawr karyorhectic villi
§ P Large vessel rupture (fetal hemorrhage)
< ) Loss of integrity | Small vessel rupture (fetomaternal hemorrhage)
o o Villous edema
2 Maternal  inflammatory easponse:  chorioamnioniti
% g Acute subchorionitis
%_) g g w Fetal inflammatory response: chorionic/umbilical vasculit
© BES e
= L85 Villitis (CMV, others)
£ £Eco Chronic
E, < Intervilousitis (malaria, others)
o
g o . Villitis of | Chronic villitis
c 2 5 unknown etiology|
T % o and Chronic chorioamnionitis
= S E 2 related/associated| Lymphoplasmacytic deciduitis
% E é % '% lesions Eosinophil Fcell vasculitis
3 . Chronic histiocytic
o @ intervillositis
«» | Massive perivillous fibrin(oid) deposition (matetti@or infarction)
< @ | Abnormal placental shape or umbilical insertion site
5 § § Morbid_ly adherent placentas (accreta)
£ & © | Meconiumassociated changes
O 2 S [ncreased circulating nucleated red blood cells
CMV i Cytomegalovirus
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Talking about the origin of the neaphils within the inflammatory substrate in patients with
choriamnionitis, using FISH (Fluorescent in Situ Hybridization) with probes for X and Y
chromosomes performed in cytospin slides of placentas from male fetuses, it was determined that
almost 90% ofeutrophils originate from the mother. In addition, the use of FISH combined with
immunohistochemistry for CD45 positive cells, for identification of leukocytes, demonstrated that
CD45 positive cells in the membranes derive from the mother. On the atieyr ihflammation
of the umbilical cord and chorionic vessels of the chorionic plate is of fetal origin, which correlates
with the anatomy of the complex. Neutrophils that migrate from the umbilical blood vessels,
arteries and veins, must originate frortafeirculation in order to penetrate theall of these blood
vessels [b

Microbial invasion and its role

Usually, the intra amniotic compartment is considered to be a sterile environment. The pathway
of intra amniotic infection has not been completehderstood. Four basic mechanisms are
suggested: ascending path of transport of the microbial agents from the lower genital tract,
haemathogenous dissemination, accidental inoculation of infection during invasive procedures
(amniocentesis, cordocentesistofcopy etc.) and reverse or retrograde advance through the
Fallopian tubes, which is supported by limited number of evideRge.acending pathway of
infection is thought to be one of the most common mechanisms for intra amniotic infection. There
are twosuggested sub mechanisms.
According to the first one, microorganisms pass through the cervical barrier and invade the
decidua, which provides appropriate conditions for their multiplication, and from there they enter
the amniotic space. The second sulzima@mism suggests a direct spread of microorganisms into
the amniotic space, as it is in the cases with intact membranes and no pPROM. So far, the data
suggest that inflammatory response starts at the level of decidua in both previously suggested
mechanismswith the following difference. If the infectious agents advance into the decidua,
maternal inflammatory cells will be concentrated in this compartment, but if there is a direct
advance into the amniotic space, chemotactic gradient will attract the rinfieory cells in the
chorion and furtherfter into the amniotic space,[6&3].
The nost serious evidence about the association between the intra amniotic infection and acute
chorioamnionitis originatefrom the study of Romero R. and his collaborators. Jtoely was
performed on 92 subjects with preterm contractions and intact membranes, the material for
microbiological analysis was provided by percutaneous amniocentesis, and histopathological
evaluation of the placentas was performed 48 hours after tleedane. The results showed
prevalence of the microbial invasion of the amniotic space in 38% of the cases. Acute
chorioamnionitis was histofizologicaly confirmed in 71.1% of the analyzed tissue samples,
while the diagnosis of acute funisitis was mad&8t7% of cases. The negative predictive value
of the histopathological findings compared to the results of the microbiological analysis of the
amniotic fluid was 87% for the acute chorioamnionitis and 82%hfaacute funisitis repectively
[14]. The pevalence of the microbial invasion of the amniotic space is similar between patients
with spontaneous onset of labor at term, compared to those with premature spontaneous onset of
labor and intact membranes (17 vs. 22%). Nevertheless, in preterm neonatesrime frequent
early onset of neonatal sepsis, more intense inflammatory response, and more frequent presence
of funisitis. There are several thesis that have been offered as an explanation to the presented
differences. Microbial invasion of the amtiospace in term patients is of shorter time and it
appears after the initiation of contractions.
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Such microbial invasion is mainly presented with small inoculum, initiates mild inflammatory
response and it is rarely followed by fetal microbial invas@n.the other hand, in patients with
premature onset of contractions, with intact membranes or pPROM, microbial invasion occurs
prior to initiation of contractions, the process is burdened with higher quantum of microorganisms,
andprobably lasts longer pviding conditions for more seve inflammatory response [6].

A certain umber of evidence suggest that occult intrauterine infection plays a valid role in the
genesis of premature onset of contractions and preterm delivery. Majority of authors aghee that
difficulties to determine the type of microbial agents are associated with the subclinical character
of the infection and with inability to cultivate strains of bacteria responsible for the intrauterine
infection.

Pankuch et alin 1984 reported arpvalence of microbial invasion of the placentas in women
with preterm delivery as high as 72%, but the efforts to duplicated these reshkdatowing
years, in the same category of patients, with histopatholbgwanfirmed chorianionitis, were
unsuccessful [15].Using PCR or amniotic fluid culture on amniotic fluid provided by
amniocentesis form 166 patients, Di Giulio and his associates, reached a rate of detection of 15%,
with notation that the combination of both techniques is more sendiavethe use of amniotic
fluid culture as a sole method of detection (56% vs. 9.6%).

From the samples that were positive, 17 bacterial strains were isolated or detected, 6 of which
by combination of both techniques (Mycoplasma hominis, Ureaplasma, Stepigagalactiae,
Lactobaccilus, Prevotella and Fusobacterium nucleatum), 6 were detected by amniotic culture only
(Staphylococcus coagulase neg., Bacillus sp., Peptostreptococcus, Gardnerela vaginalis), while 7
were isolated with PCR (Streptococcus mildlfia acidovorans, Neiseria cinerea, Sneathia
sanguinegens, Leptotrichia amnii, uncultivated Bacroidetes and one unidentified phylum). Further
analysis of the data reded positive predictive value (PPV) of 100% for the combined approach,
for all categoies (preterm delivery prior to 359.w, prior to 32nd g.w, prior to 87g.w and
delivery within oneday of the amniocentesis) [1&ome of the more recent studies, such as the
one from Andrew C. et al. which used material provided from 305 patierttsspiintaneous
premature contractions and intact membranes, report even lower prevalence for the microbial
invasion of the amniotic space (10.1%) with slightly lower detection rate for used molecular
techniques (rDNA PCR) in comparison to amniotic cultl6®8% vs.16%). On the other hand,
analyzing the data for the values of6Lin the amniotic fluid they found that the level of this
inflammatory markeis high enough to suggest sever to moderate form of infection in 36.1% of
the patients (20.7% with sevardlammation, 15.4% with moderate inflammation). In majority of
these patients, no microbial invasion of #mniotic space was detected].17

The question arises what initiates the inflammatory response in cases in which intra amniotic
infection has nobeen provenAuthorstheoreticizethat one of the possibilities is an infection of
the extra amniotic compartment (decidua, placenta, fetal membranes). Other possibility could be
the inflammatory response to norfective stimulus such as: trauma, ischemraabruption.
Interaction between the intra amniotic bacterial colonization and the inflammatory response could
be summarized in 4 stages: homeostasis, initiation, evolution and resolution. Some of the
microorganisms, such as Ureaplasma and some of thiglgmycoplasmas, can be detected in
small amounts in utero, in large number of uncomplicated pregnancies. If their presence does not
initiate abundant inflammatory response (homeostasis), such colonization will not influence
neither the mother, nor thetiis.
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On the other hand, if the homeostasis is disturbed through uncontrolled proliferation or
invasion with aggressive strains, the result will be intense inflammatory response (initiation). The
authors considered the possibility that the inflammatospaase and not microbial invasion is
responsible for the liberation of prostinoids that initiate contractions and lead to cervical ripening,
changes that are clinical characteristics of preterm delivery (evolution). Once the severe intra
amniotic inflammaibn develops, it will most certainly lead, very promptly, to preterm delivery
(resolution). We still doné6t fully understand
one to the nexphase, therefore it is still unclear whether clinical intertens in the early stages
of the process could result in different type of resolution i.e. continuation of the pregnancy instead
of unstoppable progression towards preterm delivery.

DISCUSSION

Preterm delivery as a global problem along with its assoniatibh longterm risks and
consequences imposes a necessity for multidisciplinary approach in the attempt to deal with the
causes behind its origin. Efforts made to deteenot resulted in satisfactory reduction in the rate
of preterm delivery. On contra, the rate of preterm delivery is rising. Nevertheless, if we exclude
iatrogenic reasons for prematurity, what remains is a large group of patients with intrauterine
inflammation, with or without confirmed infection of the fgbacental unit, as a main
etiopathogenic factor.

In the last 20 years, large number of authors tried to explain the problem of
inflammation/infection of the intrauterine compartment of the gravid uterus, and to establish
consequential relationship between infection and histofmagical changes that develop in
different parts othe feto-placental unit: decidua, placental disc, fetal membranes, umbilical cord
and amniotic fluidResults from these studies impose consistent conclusion that the inflammatory
changes of the placentachthe umbilical cord, defined as acute chorioamnionitis and funisitis,
appear more often in conditions of spontaneous onset of labor. It seems that spontaneous onset of
uterine contractions strongly correlates with already present inflammatory changed|ess of
the integrity of thedtal membranes, intact or ndo complicate the present situation even more,
there isa confirmed correlation betweehe inflammatory changes of the fepdacental unit and
the gestation ageThe snaller the gestationage,the higher and more severe the inflammatory
changes of the placenta and the umbilical cBrdm this point of view, we should concentrate on
those cases with extreme and early prematurity (< 28 g.w) in which the prevalence of
histopathologially proven chorioamnionitis is high (> 90%), and the rate of mortality and
prevalence of late complications related to prematurity is also high.

Studies thahave beewarried out to date failed to provide answer to the question of correlation
between the inflammary changes of the placenta and the umbilical cord, and microbial invasion
of the intrauterine compartment. Although the role of microorganisms, especially bacteria, is
undoubted, in only :05%, maximum 38% of cases (depending on the study) bactesainme
can be detected in the samples taken from the placenta, umbilical cord and amniotic fluid. When
microbiological studies are performed, advantage is given to the combination of amniotic fluid
culture and molecular techniques forlé@n of bacteriatDNA (PCR).
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CONCLUSION

Histopathologicly verified chorioamnionitis is a more frequent finding in patients with
preterm delivery if compared to clinical manifestation of the clinical syndrome presented through
its pathognomic signs (fever, painfeinder uterus, leukocytosis, maternal and fetal tachycardia).
The presence of chorioamnionitis is associated with increased risk for perinatal mortality and
morbidity (neonatal sepsis, bronchopulmonary dysplasia and cerebral palsy). Even though the
associabn between the histopathological changes of thegétoental unit and premature onset
of contractions is well established and proven, there is still a mist around the question, whether the
inflammatory process is a trigger or a consequence of the protdwe preterm delivg that has
already started.

Considering the historically accepted empiric standing on the role of genital infections in
etiology of preterm delivery, further analysis are needed to determine the reasons behind the
relatively smallpercentage of isolations of microorganisms in the analyzed samples.
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ABSTRACT

There are more and more genome and exagaecing studies every day in which subjects
with different demographics are included, especially age differences, from infants to adults.
Precisely todaydés advanced techniques represe
answer, but more corgx plural answers. A special issue within this dilemma remains the
incidental findings. It is clear that the true challenge of an investigation is solving the particular
problem, disease, mutation (mystery), but it is even more challenging when an tee fipeling
is discovered. In this article we review the different attitudes towards manipulation with individual
results and consequently with incidentadlecularfindings, through presentation of some ethical
dilemmas that circulate the scientific conmmity.

INTRODUCTION

Ever since 1977, with the breakthrough of the technique for fast &gAencing by Frederick
Sanger [1]through the introduction of the polymeraseiohaaction PCR, 33 years ago [2and
the beginning of one of the most prominentrfaun undertakings The Human Genome Project,
in 1990, a new era irme field of medicine has begun [Fequencing i.e. the discovery of the
human genome remains to be one of the few great endeavors of the human kind and serves as a
historical hallmark ofcience, rivalled even to the moon landing. The Human Genome Project,
which sequenced the whole genome of the human species, took 13 years to camdptetest 3
billion dollars [3]

Today, we live in the era of Next Generation Sequencing (NGS), tt@mparison to the 13
year so6 t i meneratidn saquiercing methads, [4ds the ability to sequence a lot more
genomes for a&astly shorter period of timie 18,000 human genomes per year or 45 genomes per
day, and only for anxe of less than@O0 dollars [5] The most important methods of sequencing
nowadays are genome sequencing and transcriptomes, as well aglthpaopular epigenomic
studies [6] The great spectrum of challenges in the personal genomics, have unlocked the
possibility for esearch of the individual genome testing. Hence, great opportunities of this
prospect have arisen and would lgada bright scientific future7], but at the same time, this
deeper view into oneself have provoked a number of ethical dilefBm&&amely there are more
and more genome and exome sequencing studies every day in which subjects with different
demographics are included, especially age differences, from infants to adults.
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Precisely todayds advanced t e ehohonlganessnple epr es
answer, but more complex plural answers. The increased activity of people on the social platforms,
the curiosity to |learn more about one self s
clinicians with the personalized gene results, opens the door to the delivery and importance of
individualresults in the genomic studies [9]

In this context, a new ethical dilemma arises, of how to operate with the said results.
Specifically, is it completely regulated which particulesults should be presented to the patient?

Who is the one who should inform the subjects (patients) about the results with a thorough
explanation? Do the results match the high criteria of good clinical practice? How is the principle
of fAnot t onerited withowt the logs bf@atient autonomy?

There are an increasing number of supporters of the claim that the return of the complete
individual results to the patient would have vast moral implications and would be very importa
in the genome/exome sties [10,11] A special issue within this dilemma remain the incidental
findings. It is clear that the true challenge of an investigation is solving the particular problem,
disease, mutation (mystery), but it is even more challenging when an unexpedird
discovered. Henceforth, the ethical dilemma of the incidental findstgsuld they be searched
for and are they relevant or even are we obliged to individually present them to the patients? Or,
should we stick to the particular analyzed gene?

Incidental findings, are defined as findings that may or may not be detected adjacent to the
primary aim of the enquiry and accordingly, have potential cliracaeproductive significance
[12,13] Thus, it is interesting to point out the predicament: whiatidental findings became part
of the algorithms and forms of informed cons
Consequently, a recent study encourages a new term for these findings, naming them secondary
variants, in order to bypass thauls of the former taxononjg4]. It is to be noted that the number
of identified incidental findings in subjects is not modest in the least, on the contrary, which
implicates a need of their proper regulatj@]. Studies show that there is no legal regiue for
delivery of relevant individual results from the increased number of genomic studies to the subjects
yet, which only intensifies the significance of the ethical questiaisatise from this predicament
[16]. There are more arguments in favogiving access to the incidentalomas to the patient, since
they are of greatgnificance for the individuals [17,18, 19, 2@ccordingly, even the studies that
do not support the exposition of i ncident fi
research setting into an extension of the <cli
the need of these results with specific relevance in particutargseand individual approach [21]

Some instances have regulated this current etisisa¢ by commencing diree¢ guidelines [22,
23].

Informed consent is a convenient tool that could be used to regulate the ethical dilemmas
connected to individual results. That is to say, when one signs the consent, one could have the
possibility to rgulate the management of incidental findings in terms of his further knowledge
about the outames that derive from the study [17, 23, 24,.25]

THE DIVISION IN CLINICAL AND RESEARCH DOMAIN

The debate around returning secondary findings in research és catimplicated by the fact
that the discrepancy between clinical and research domains is becoming blurred as sequencing
studies are being translated into clinical pr
initial contact was the clinician whecruited them in a healthcapeoviding facility.
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Clinical standards of ethics must be therefore ensured by the clinician researchers, which
becomes a dispute in pure research context where the same standards of care do not normally exist.
Berkmanet al. (2014) argue that the lack of consensus for delivery of these results comes from
the nature of the field, which is perceived as a transitional one, and the collapse of this
differentiation is expected and sensilj6]. Researchers, however, should beai@ of their
ethical duties especially in the era of advanced genomic technology implementing in various
clinical trials. Therefore, higher clinical and ethical aspects of responsibilities of researchers are to
be achieved in the future.

On the other handHallowell et al. (2014) noted, that discriminating between these two
undertakings is essential as those involved have different prime commitments: Researchers tend
to improve scientific aspects of their research, while when it comes to the clinicitest daty
remains thei imperative [27] Translational research is more present nowadays, where new
technology advances tend to be implemented in clirdoatext. As Wolf (2012) argue [28]
bridging researchers and clinicians through intensified msdiplinary approach together with
the pivotal role of clinicianresearchers in recent research, the dilemma around secondary variants
(incidental findings) should be addressed through the context of the translational research process
[29]. Interestingly,a study conducted by Kaphingst et al. concluded that the subjects themselves
do not have a preference of who will deliver the results and put less emphasis on the title of the
person who delivers them, but were rather more condegtbeut the manner of detry [30].
Contradicting Wolf are more than few studies which surveyed the opinions of research participants
on owho should return incidental findingsbo. I
want ed such fi ndi ng s ysiciamtouprinmey tiealth garegyiaer. tnisuppopg ant 0
of this point is the fact that researchers may not be adequately trained to return such findings and
burdening them with this duty may distract them from ecinig their primary study goal [31]
Consideringthe abovementioned arguments for the research clinical divide, the authors of this
article lean more towards the viewpoint that suggests blurring the boundary between clinical and
scientific. Thus, we will continue in the similar narrative.

INDIVIDUAL FINDINGS

Reviewed in this article, are the different attitudes towards manipulation with individual results
and consequently with incidental findings, through presentation of some ethical dilemmas that
circulate the scientific community. One of the mamadt r i nes of etihdoiegs 1 s i
good. It is undoubtedly a question of why this principle could not be equally projected in the
research studies as well. Therefore, all scientists are bound by this norm and should always disclose
the individual esults to the subjects included in the research. Nevertheless, there are arguments in

the |literature supporting a different approa
scientists. It is believed t h atherotethatthéstieniishg g o
has in the doctepatient relationship i.e. whether the scientist has contact with the patient (is the
patientds doctor), or not.

While doctors have a clear responsibility for doing good for their patients, this obligation is
still a grey area in terms of scientific work, especially in research projects where scientists have
no personal contact with the subjects. Hence, this could become a burden to the researcher and an
issue when itomes to future accountability [182].
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Furthermore, another interesting ethical question is fabricatledit is the responsibility of the
researches who are doing science on data collected in the biological banks, that is to say, scientists
who are not prime collectors of material and had nhadrany previous contact with the subjects
(referred to as secondary researchers)? In general, their duties depend on the course of the main
study and how will the delivery of individual results affect its realization. From this point of view,
the principe o f Abenefacereo could be satisfied by
conclusions of the study only, without the responsibility of delivering individual results. On the
other hand, it is reported that where individual results could have aimgpesit on the individual
receiving them, and do not compromise the main study, their individual delivery can be a norm for
the secondary research8B].Therefore, new guidelines for the biological banks are constituted.
Namely, it is emphasized that tleinically relevant results could be a product of the prime
investigators, biobanks as well as the secondary investigators, and consequently, they should be
offered to the subjects by alf the abovementioned instances [3¥pnetheless, the views of the
right of the subjects to have the availability to end results of the study is unanimous, in terms of
obligating the scientists to point out the results that may have direct harmful effect of the
i ndi vi dual 0 sppnegentlpatemtialconditiongs,\34, B5¢Awing to all the previously
mentioned ethical dilemmas, the National Heart, Lung and Blood Institute (NHLBI) has
established ethical guidelines, which are regularly reviewed in accordance with the progress and
growth of the genomic studies [23]. An interesting study from Beskow et al. (2010) shows the
need of research contextualization for these guidelines. In other words, they propose that the option
for delivery of individual results should be predicted and planned as early as posgiblstundy,
or it should even be incorporated and precisely formed in the informed consent form for the
selecté clinical or scientific study [36]Likewise, no less of a factor for this issue should be
considered the great availability of genomic sequendoday. People are more and more
interested in their codes, which is an additional reason why these ethical dilemmas should be
defined most precisely.

But then what is the right way to deliver these results? Who is the one who should announce
them? Theapid progress of genetic research has driven the scientists to a blind end when it comes
to deciding what is the right direction in which they should advance in order to preserve the ethics
in thedelivery of individual results [23]The most controveral and important dilemma is the one,
whether the obtained results from a single study are as equally relevant as the results achieved in
clinical trials. From the aspect of the primary goal of a study, that is generating overall results, the
investigatorsare not compelled to deliver the results with prior verification with the standards of
clinical diagnostics. Therefore, it is suggested that the results be referred to as investigatory
(scientific) only, with an addendum that they be additionally evalyatedirmed and monitored
[32]. Albeit the vast number of studies, there is still no ample agreement on how these results
should be delivered to the subjects. Regulations also flail in the part of who should be responsible
for the delivery does the cliniman have the necessary competencies from genetics to be able to
interpret and act upon the said results?

Or is the researcher trained in delivering the information appropriately to a person he has never
met before? Opinions regarding this dilemma varwbken clinical geneticists, genetic counselors,
but also even family doctors.

What is considered, is the need for enriched education of the family doctors about genetics and
a greater involvement of geneticists and clinical genetics specialists, in @nol@vide clinical
care for patients witbstablished relevant findings [37]
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One study points out that doctors who do not have training in clinical genetics, have in general
lesser knowledge about the discipline, which is seen as an additional prohiethefo
miscommunication eveen doctors and patients [3&n the other hand scientists do not have
experience to communi cat e ibad newso of add
excitement about the unexpected findings and eagerness to publistbengbarrier to the use of
these incidental findings in an ethical way. In order for the genomic research to really make a
difference in the clinical practice, it is necessary to foremost educate a competent personnel
between the medical workers, for pevpnterpretation and alyais of the results [39] Context
wise, another study concludes that the scientists working genomics do not have major experience
in announcing results, but nevertheless aneasingly motivated to deliver [18A different stuly
shows that the patients emphasize the importance of the nature of the tlsileccuracy and
possibility for prevention/treatment directly
(40).

Interestingly, the offer for individual results be delivered at the end of the study, increases
the eagerness of the subjeictparticipate in the studies [4Hence, a preparation of a study with
a formal study protocol, explaining the subjects the scope of the project and management with
individual results, is advised [37]Thereafter, the notion of creating a relevant and precise
informed consent form presents a vital concept in regulation of this important question connected
to delivery of individual results [42,43]n this form, the subjectould individually select which,
and if at all, results they would like to obtain. This approach to the matter is said to be very
important for preseing the principle of autonomy [44]n contrast, for the incidental findings,
the patients do not yet havhe possibility to choose whether or not they want to be presented with
the data. In this context, this issue should l¢her discussed and regulated [46he study
concluded that 70% of the genomic studies either did not have an individual reguiéese the
informed consent or even explicitly stated that there is nomroo delivery of said results [46]

Given the traditional postulates of research, personal interest for benefit of the genomic studies
should not be a motivation for thelgectsto advance in the stud¢7]. Furthermore, in terms of
relevance of the results with momentarily knowledge about a certain condition i.e. if the result has
clinical significance, it is advised only the clinically relevant results to be included in the fina
medical report. But, as clinically nonsignificant results are equally relevant, it is considered to
design guidelines for management and create a system of individual records with a possibility to
upgrade the data for the individual clinical significan¢@ny future investigains [37].

Although, in general, there are uniformed guidelines for managing the individual results
covering their delivery in accordance to study protocols, still the scientific community is not in
unison about thetkical aspectsf this problem [46, 32]it is almost unbelievable that a consensus
about this question will be reached, but nonetheless future discussions about deciphering this
dilemmashould be strongly encouragetf].

INCIDENTAL FINDINGS

Incidental findingshave bts of common traits with the individual primary results, but in the
core they differ fundamentally. Namely, they demand additional investigation outside the premises
of the studyés aims and inquire suppibatorsent ary
involved mightlack [13].
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Still, it is implicated that with the advancement of the technology and implementation of such
research results in clinical practice, it will be prudent to study and assess these findings.

Incidentalfindingsshould be ptentially analyzed when a benefit of the patient and burden to
the study balance is established, all the while bearing in mind the exclusivity of the results to the
researchers (genomic researches are mostly done for scientific reasons instead girelatice)
thus giving the investigator the sole exclusivity of the findings for certain conditions which he
might choose not to publicize) [49Yet, with the progress of technology the access to genome
sequencing is immensely increasing.

The Ameri@an College of Medical Genetics and Genomics (ACMG) has established a list of
minimum requirements as part of the algorithm for clinical conceptualization of genomic studies.

It consists of all the clinically relevant genes (defined incidentalomes ofatligignificance)

which need to be routinely invesaiggd in every genomic research [S@halogously, Townesend

et al report similar recommendations for ethmelivery of incident findings [51] But, it should

be pondered that the patients often haveealistic expectations of the genomic research,
anticipating to receive the entire array of deviations, making the incidimdaigs altogether

confusing H2]. Naturally, this represents a hurdle because it gets in question the autonomy of the
patentsad t heir right Anot to knowo a certain inf
in the study for a primary indication, ends up with a whole set of results that coultigdhtdave

a negative effect [51]Nonetheless, personal preferenceshef patients are not included in the
ACMG algorithm, with the justification that a
Anot doing har mo out weigh t he o ofpatiemtsindincalo n o my
trials [50]. Still, even n investigative (scientific) context, the subjects do not have the opportunity

to sound their opinions whether or not they want to receive the incidental findings. One study
presents scarce recommendations about dpgyahe informed consent form [53ju after all,

lots of questions around the obligation of the researchers to pursue incidental/secondary variants
remain unanswered. Albeit all, at the present moment, there is no regulative that obligates the
researchers to trackd analyze incidental finrdgs49]. Fr om t he researcher os
and precise delivery policy of the study, bal
rights and a strong et hical pr i nbvaypdstablishdd A pr i
beforehand [54] A study on the subjects preferences about the delivery of individual and incidental
results about familial risk of cancer, concludes that the major percent of patients preferred to
receive both kinds of results [53]ikewise, another researam the field of exome sequencing,

once again concludes that the patients agreed on delivery of both varietid erfital/secondary

findings [56] Further study, analyzed the attitude of parents towards the secondary variants of the
clinical genome sequemg in their children[57]. Namely, with the help of these incidental
findings, prevention against many conditions would be accessible and the branch of medicine that
would benefit the most from these genomic researchesiviieylunsurprisingly, oncolod¢5].

It should be taken in consideration that throughout these studies a number of potentially
significant results could be attained, so the scientific community should aim to overcome these
dilemmas in order to provide access to the patients for theadlinsignificant reslis [58].

Furthermore, because the genome sequencing is not part of the routine practice, some results
from these studies could be unique, and therefore researches should undoubtedly be burdened with
the responsibility to eliver theincidental findings $7]. A recent study encloses the principles and
guidelines that should be followed when deliveringwidiial and incidental findings [59]
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CONCLUSION

The predicament about incidental findings represents a real ethical challengdidh this
essay is insufficient in terms of scope to process and emphasize all the aspects of ethical regulation
and principles which burden the dilemmarafidental findingsNew technologies have introduced
new ethical dilemmas about the communmatof the molecular results if incidental findings
occur. Close collaboration between clinical geneticists and molecular researchers in the
development of new tools such as appropriate informed consents and guidelines for information is
warranted.
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ABSTRACT

The field of interest for measurement of exhaled nitric oxide (NO) and nasal NO is significantly
evolving over the last®years, with over 1000 publications published in that area. Inflammation
of the airways is a central pregs in asthma and other lung disorders, but the monitoring of the
inflammation has not been included in the current recommendaifitiesexhatd air contains
volatile media such as nitr monoxide, carbon monoxide, ethane, pentane andvolatile
substanes in the liquid phase in the exhalatias a condensate (hydrogen peroxide). It is
increasingly confirme that the measurement of exddimediators in general, and especially NO,
iS a new way to monitor certain aspects of asth@@PD and interstitial limg disease, which
cannot be estimated with other methods, like lung function.asthma, exhaledNO is
recommended to besed as a marker for diagngsi®r monitoring the response of anti
inflammatory drugs, confirmg the safety of therapy angredicing asthma exacerbation.
Measurements of FeNO are easily performed, they are reproducible and technically less expensive
than the analysis of induced sputum.symptomaticpatients,high FeNOlevels (> 50 ppb)efer
to significant eosinophilia in the airws, which will most likely respond to treatment wil@S.
The current data providessipport for the diagnostic use of FeNO in children with symptoms of
asthmalor patients with chronic afat severe asthma, FeNO levels are useful for determining
whether esinophilic inflammation of the airways is active or not. Both high (> 50ppb) and low
(<25 ppb) levels of FeNO can be useddopredicing the outcomeén patients with a definitive
history of asthma who are currently in remission and who have stoppauérg with CS.

Key words: asthma, children, exhaled nitoxide, recommendations.

The field of interest for measurement of exhaled nitric oxide (NO) and nasal NO is significantly
evolving over the last®years, with over 1000 publications publishedthat area. Interest is
growing because the measurement of airways inflammation can contnitheemanagement of
lung diseases and the same measurement maglbded in the clinical practice [1].

Evaluation of the airway inflammation

Inflammation of he airways is a central process in asthma and other lung disorders, but the
monitoring of the inflammation has not been included in the current recommendatidiaking
a direct sample of the airway cells and the mediators is invasive technique, as amlysis of
induced sputum or bronchoscopy lwiavage and biopsy. The exédlair contains volatile media
such as niic monoxide, carbon monoxide, ethane, pentane anevolatile substances in the
liquid phase in the exhalatipas a condensate (hydjen peroxide). Nemvasve measurements
of these exhald mediators are appropriate for patient monitoring.
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Exhaled NO

The presence of NO in the exédlairin both animals and humarisr the first timewas
described in 1991. It has been shothat corelateswith other indicators of moderate asthma
(eosinophils in induced sputum) and bronchial reactivity ingteroid-treatedpatients. Generally,
the exhatd NO does not correlate with the lung function parameters in asthma. It is increasingly
confirmed that the measurement of exédimediators in general, and especially NO, is a new way
to monitor certain aspects of asthn@OPD and interstitial lung disease, which cannot be
estimated with other methods, like lung functitmasthma, exhaleMO is recanmended to be
used as a marker for diagnofd$, monitoring the response of amiflammatory drugs, to confirm
the safety of therapyt] and to predict asthma exacerbatjb+v]. It is believed that the adaptation
of anttinflammatory drugs led by the maoring of noninvasive markers as eosinofshin the
sputum and the exhed NO can provide good control of the asthma.

Nasal NO

Concentrations of nasal NO are relatively leiglaccordingo the lower respiratory tract in
humans, with the highest level the paranasal sinuses. Patients with ciliary dyskinesia and with
cystic fibrosis have extremely low NO values and accordingly, the nasal NO may be a useful
clinical test for early diagnosis.

Recommendations for a standardized procedure for the measuremeof exhaled NO in
adults
Basic principles for clinical use of NO measurement
In Europe, clinical testing began in the late 1990s, while American food and drug administration
recommended the first NO analyzer for clinical monitoring of eritammatorytherapy in asthma
in 2003, which was produced by Aerokrin AB from Stockholm, Sweden. Online measurements
include measurement of the fraction of exhaled nitnéde (FeNO) in real time, wheas offline
measurements refer the collection of the exhalénaan appropriate time for a delayed analysis
[8]. Measuremenbf FeNO, as a clinical agent, requires standardized measurement techniques that
are obtained from previously processetadeom different adult groups.

Standardization of terminology and measuing units for exhaled NO

Online_measurement-eNO is expressed in parts per billion (ppb), which is equivalent to

nanoliters per liter. The output HO is the level of the exhadl NO, which is dagnated as volume

of NO. It isobtained when the concenimat of NO in nanoliterger liter is multiplied with the

level of expiratory flow per minuteorrected by BTPS (body temperature, pressure, saturated)
Vo (nl/min) = NO (nll) x expiratoryflow (I/min)

Offline measurement&eNO refers to NO conctation in the exhaled afrom thevital capacity.
If the exhalation is carriedub under a constant flogin liters persecond andit should be written
as a subscript

Basic principles for the measurement of exhaled NO

Source of exhalated NQt is curently thought that NO iproducedin the upper and lower
respiratory tract and diffuses into the lumen according to the concentration gradient. Alveolar NO
is probably very low because of the large hemoglobin uptake in the pulmonary capillary blood.
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Although the level of gastric NO is high, it is considered that ther® isffect on the level of
exhakd NO due to the closure of the upper and lower esophageal sphincter.

Contamination with nasal N'he nasal NO cabheaccumulatd in relatively high concen#itions

in the low respiratory tract. Btechniques that provide a lowespiratory tract NO should prevent

the contaminatin of the sample with nasal NO.

Ambient NOBecause environmental NO can reach high levels relative to those in exhaled breath,
standrdized technigues must prevent the contamination of biological samples with ambient NO.
Dependence on the level of expiratory flowhis flow dependence is a feature of the diffusion
based processes and relates to the transfer of NO from thi wze lumen of the airwayand

can beeasily explained. The fast flominimizes the time of transit oftte alveolar gas in the
airwaysand consequently reduces the amount of transferred NO. The output level of NO as well
is higher in the flow rate, analogoustte loss of respiratory heat.

Air retention The air retention results in the accumulation of NO in the nose, the lower airways
and probably in the oropharnys, which leads to a NO peak in the NO exhalation profiles relative
to the time. Accordingly, airetention is not used in standard techniquiés

Other patient-related factors that affect the valuef the exhaled NO

Age/Sex Exhakd NO levels increase with the age. As there are contradictorjodabe effects

of the sex, menstrual cycle and pregnancy, these charactesisbiclsl betaken in @countat the

time of the measuremef@-12].

Respiratory maneuversSpiromety reduce the level of exhaled Nénd accordingly, NO analysis
should be performed prior to spiromefiys, 14].

Airway caliber It turned out that the level of FeENO may vanyrelation to the degree dfie
airwayobstruction or after bronchodilator, probably due to the mechanical effect of the NO output.
Because of this, it is recommended to note the time of administration of the bronchodilator and
some measurements of theiloat of the airwayslike FEV1[13].

Food and liguidsPatients should be restrained from food and drink before analyzing NO. There
is an increasen FeNO after ingestion of nitrates or food containing nitrates. Drinking water and
caffeine intake may leat transient change of the levels of FeNO. It is likely that the mouthwash
can also reduce the effect of foods containing nitrates. Patient should avoidrtdragk one hour
before the measurenmemnd should be askedboutthe food recently consumedhd alcohol intake
reduces FeNQ15].

Daily rhythnt It is not yet certain how FeNO valueary during the day and therefore it is
recommended that serial measurements of NO should berditreesame time of day atioe time
should be recordejd 6].

Smoking reduces FeNO levelslowever, smokers with asthma have elevated levels of FeNO.
Patients should not smoke one hour before the measurement and the history of short or long active
or passive smoking should be recorgted|.

Viral infectionsof the upper ad lower respiratory tract lead to elevated levels of FeNO in asthma.
HIV infection is associated with reduction of the levels.

Other factorsThe change in the blood flow in the lungs has no effect in humans, but hypoxia
reduces the exhatl NO.Positive ed-expiratory pressurapplication increases the level of FeNO

in animals, while the pressure of the airways in humans does not influence the leveixbihe

NO. There are studies about the impact of exercise, with different conclusions and &fesréher
considered to avoid physical effom® hour before the measurement.
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Drugs: FeNO levels decrease after treatment with topical or oral corticosteroids in patients with
asthma or after inhalation of NO shiataseinhibitors. Leukotriene antagonistsalreduce FeNO.

The drugs containing NO as well as oral, inhallatory and intravenawgihine increase the level

of FeNO. Even if a medicine does not influence pheduction ofNO can change the levels
through other mechanisms, like changing the airveayiber.

Recommendations for online and offline measurement of exhaled NO in children
Measurements of exhaled NO in children aged-8 years
Single breath online measuremenihis method is preferrad all children who can coopate. The
child should omfortably sit down antle breatmormally for about 5 minutes to acclimatize. The
child inhales close to vital capacity and immediately expireter a constant flow of 50 miAgile
plateau of NO is obtained for at least 2 sec. which may be registeaedomtbreak of at least 4
sec. The vaporized gas should contain low NO concentrations (<5 ppb). The expiratory pressure
should be from 5 to 20 cm water column to close the velum. Repeated exhalat®mdi¢h
correspond to 10% or 2 to 5%) are perforratahtervals of at least 30 seconds and the mean value
is recorded. Audiovisual devices can ease the inhaling to the vital capacity and control the
expiratory flow of 50 mk. The use of dynamic flow restrictors that allow the child to exhale with
variouspressure in the mouth, allows a constant level of expiratory flow. Dynamic flouctesst
are simplemanualor mechanicablevicesthat change their resistance depending onbibes
pressure and their use is recommended in child@n19].
Offline methal with constant flow level The child blows air through a tube in the mouth that is
made of a material that does not interfere with NO, whereas nasal contamination is protected by
the closing of the velum in the air extraction under oral pressure adsatdecm water column.
The gas collection can be in the Milar or Tedlar balloons. The size of these balloons is
recommended to be similar or slightly higher than the vital capacity of the patient. No nasal clips
or retention of air is recommended, sinceytimay potentially lead to nasal contamination.
Concentrations of NO in balloons may be stable for a few hours and the measurements can be
carried out elsewhere (school or honi2D]. Great progress in offine measurements can be
expected by incorporatindgynamic flowrestrictorsinto a collection system that will provide easy
feasibility for children under 4 years of age. This led to a consensus and recommendations that the
flow rate should be 50 g for both online and offling21].

Alternative methods for pre-school children and infants
Online measurements of FeNO during spontaneous breaffiigy method can be applied to
children from 2 to 5 years of age. FeNO can be measured in spontaneous breaitbieghatd
flow can be adjusted by changing theximled resistancg22].This ensures a stable and
reproducible model of breath to breath. The cbildathesslowly and regularly through a tube
connected to a twavay valve. It is recommended to calmly breathe with nofregluency.

The level of exhad fow is adjusted to 50 ml/éfrom 40-60) with continuous adaptation of
exhakd resistance manually or with automatic flow controllers.

The method still requires passive-gperation in order that the child breathes calmly and
regularly through a connectavhich is a limiting factor. The use of a beafibad allows the child
to visualize a model of normal respiration. Measurements in spontaneous breathing lead to
variability, as there is no control over the lung volume, but the flow is measured. Accarding t
this, the measurements of NO levels during spontaneous breathing do not equate with single
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breathe online measuremeantdl it is necessary to spacthis method by including a description

of the normal value healthy children22].

Techniques of nanal breathing with uncontrolled flow rateBnere is no standardized method to

be recommend for clinical use in infants and young children, and further investigations should
resolve some methodological problef23].

Offline measurementExhakd air show be collected through a tube connector or face mask
connected to a valve that allows inhalation of air without NO, from a NO inert tank to avoid
contamination from the ambient NO. Examples of NO are collected in NO inertial bags that are
attached on thexepiration side. The expiratory side provides expiratory resistg§?dle This
resistance allows avoiding nasal contamination if the fac& dwes not cover the nose. With NO
analyzers with quick response, smalirgples of exhald air may be sufficient fanalysis.

Online normal breathing techniqués measuring NO and the model of normal breathing in
neonates and infants are described with good reproducil@bty26]Infants breathe through a
mask covering both the nose and mouth and the NO concensratiould be recorded during the
normalbreathing stages. Reproducibility is a significant problem of the normal breathing methods
and is described by many research@® 27].Since it is resistance dependent, the data for the
flow rate will vary. The mconvenient side of the mixed exhaled air is that it can be contaminated
with ambient NO and NO from the upper airways. As long as the contribution of NO from the
upper air way s battertocaliect a kamptdonally exhaled air. This is ¢ditated

by the use of a mask covering only the mouth, while the nostritscahededor by using a double
chamber mask.

Single breath technique during forced exhalatidadification with rapid increase in volume, with

the technique ofbraceabdominakcompression. FeNO is measured online and the NO plateau is
obtained at a steady rate of expiratory fltvat can vary from 10 to 50 malland uses a two
chamber mask28]. The negative side of this technique is that sedation is necessary and nowadays
still it is not clear how this technique can be compared with other techniques such as single breath
online or the tehnique of normal respiration.

Rational use and interpretation of NO

There are two key issues: 1) high significaméraction of NO and eogiphilic inflammation of
the airways; Rimportant relationship between eosinophilic inflammation of the airways and
steroid respong29].This can be summarized as:

a) FeNO measurements are highly correlated with eosinophilic inflammation on the airways.
Many studies confirm that FeNO measurements correfifteeosinophilia in induced sputum,
(30) boptic material[31-33] and bronchoalveolar laga as wel[34].

In one study, a significant relationship of FeNO and blood eosinophilia is exp[@Bleth
addition, there is also a correlation between FeNO and the eosinophilic cation protein.

b) Eosinophilic inflammation of the airways is associated with a positive response to steroid
treatment.

Treatment with ihaledcorticosteroids (ICS) resulis reducton of eosinophilia in asthmatic
airways and improvement in clinical parameters. In contrast, in asthma that is not characterized by
eosinophilia, the response to steroids is scEB6EThese findings are common in patients with
constant obstruction of therways and enablgistinctionbetween asthma ar@OPD[37].
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According to this, determination of the character of inflammation of the airways (eosinophilia)
is important in the initial management of patients with chronic respiratory symptoms in order to
identify those who would benefit from the steroid treatment.
c) Increased levels of FeNO predict positive steroid response in patients widpewfic
respiratory symptoms. The clinical benefit of increasing steroid treatment in patients with asthma
is higher in patients with increased levels of NB8]. Some studies have shown that in determining
the outcome of treatment with inkalFluticasone, the level of FeNO as predictor is supéhin
spirometry, bronchodilator test and bronchial hyperactiltitg.important that this study identifies
the optimal value for the steroid response to 47 ppb. This has been provedes stwdhildren
and adultg39, 40].
d) The use oiCS in asthma results in decreased levels of NO and according to that, the link
between ICS and FeN@® dosedependent and has a significant correlation between changes in
FeNO and changes in eosinophilia in ingdc sputum and ICS therapy4l].
These data provide a fundamental confirmation thaid~eneasurements play an importanerol
in the evaluation and treatment of patients with airway diseases. FeNO can be used as a surrogate
markerfor diseases of the airways that are characterized by eosinophilia, such as atopic asthma,
asthma like coughing and eosinophilic bronchitis. Becadisbe close relationship between the
steroid response and eosinophilia in the airw@&e\\O measurements play important role in
predictingand monitoring the responeéthetreatment with IC$29].

Diagnosing airway diseases

Asthma FeNO measurementseauseful in distinguishing asthma from rasthmg42]. The
test should be use$ diagnostic toalhen chronic symptomaith a duration of 6 weeks and more
are present, as the virus infection can lead to a false positive result. The predictive vatostis al
identical with the cellcount in induced sputum. The combination of the FeEN®3 ppb and
abnormal spirometry (FEV1 <80% PV) providgred sensitivity (94%) and a specificity of 93%
for diagnosing asthma. Normal valude not exclude diagnosis of asthma. Toisfirmsthe
heterogeneity of asthma phenotype and FeNO measurements providmerdgpect of asthma
syndrome [43, 44].

Nonspecifc respiratory symptomsFeNO measurements have a widespread role in the
examination of patients with undiagnosed chronic respiratory symptoms. Children with recurrent
wheezing bronchitis, cystic fibrosis, congenital abnormalities of the airways and yitzry
dyskinesia should also be considered. For the eosinophilic bronchitGaamh varianasthma,
which are characterized by eosinophilic inflammation of the airways and elevated FeNO levels,
the positive effect of corticosteroid treatment is mikely. For other diagnosebke vocal cord
dysfunction which is presented as asthma, many clinicians often give empirical steroid treatment
with very small benefit.

Pre-school children Taking into account that spirometry and sputum induction cannot be
easily performed in prschool children, noimvasive measurements of the airway inflammation
are potentially very useful.

The single breathing technique for measuring FeNO at this age is not suitable, so other
alternatives that vary from modification ofasdard online techniques to offline spontaneous
breathing method with flow control are develodd8-51]. Generally, these techniques are less
sensitive to discriminating between asthimand norasthma patient$3, 53].
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In acute wheezing episode FeN&Y¢| is significantly higher in those with recurrent wheezing
versus healthy controls, whereas in children with first wheezing episeid@ levels do not differ
from normal children. Also, montetag reduces the FeNO value$ small children with early
onset ofasthmg54, 55].

Atopy There is a strong correlation between FeNO levels with total and specifiSégE
57].This suggests that asymptomatic atopic children may have moderate inflammatioe
airways leading to a raised FeNO lej&8].

Chronic obstructive pulmonary disease (COHEBNO levels are neoonsistent in patients
with COPD. This may be the result of smoking or the heterogeneity of the ainflaysmation
[59, 60].

Cystic filrosis (CF) In patients withCF, it has not been found that FeNO measurements can
be clinically useful. First, there is a reduced expression of nitric oxide synthetase in patients with
CF and seconctlevated levels of nitritegrefound in thebreathingcondenste of patients with
cystic fibrosis[61].

Primary Ciliary Dyskinesia (PCD)FeNO levels are significantly lower in these patients than
in healthy individuals. The nasal NO is extremely low in patients with BE€BIl agesand
completely separatesfattedfrom unaffectedindividuals. The measurement of nasal NO can
probablybecomea screening test. The diagnostic sensitivity and specificity of nasal NO for PCD
ranges from 89 to 100%, and the gpeity is from 97 to 1009462, 63]This is due to theeduced
activity of NO synthetase and the muc¢hataffecsthe diffusion of NO from sinuses in the nasal
cavity or from epithelialcellsto the lumen of thairways andnakes the NO elimination more
difficult. Even young infantaith PCD,havelow nasalNO [64, 65].Probably NO is also involved
in the stimulation of the ciliary motility. The nasal NO may play a role insmetific immunity,
which includes a direct toxic effech@ahemicroorganism$66].

Lung transplantationFeNO levek are increaseih posttransplant patients with an unstable
lung function[67].

FeNO measurement for chronic asthma management

Prediction of exacerbationsThe prognostic value of FeNO measurements for asthma
exacerbation seems to lmited. In a small studyvith steroidal reduction protocol, changes in
sputumeosinophils were superi@momparing withFeNO for prediction of exacerbatiorin the
second study, measurements of bronchial hyperactivity, sputum eosinophilia and FeNO
measurements ranged from a sensitivity of Z&ptitum eosinophils> 4%) to 65%FeNO greater
than 10 ppb at a flow rate of 250/mlAlthough positive predictive valueanged from 80 to 88%.
Therefore, it is preferable to examine more parameters than just one. The increase in FeNO of 60%
is consiared to be optimal, but this has a 50% sensitivity with a positive predictive value of 83%.
These studs used a protocol to exclude steroids in order tcataiclinical exacerbations and so
they are not suitablg8, 69].

Predicting the outcome of IC®duction in stable asthma&he main issue is wheairway
inflammatorymarkers can be used to predict a successful reduction or exclus©® wéhatment.
Studis showed thatumberof eosinophils in sputum was significantly more predictive than FeNO
measwementdn asthma control over a pedaf 6 months and 16 weeks

From the results of the many studiesan be concluded that the number of eosinophils in the
sputum (more than 1%) probably provides superior prognostic safety when it is necessary to
determine whethea patienineedto continue treatment wittCiS.
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In situations where induced sputum agaot be obtainedspmecenters and small children), the
high FeNO level (> 50 ppb) probably predicts asthma relapse and a low FeNO level <20 ppb in
children (<25in adulty predicts asthma stability if th@easuremens obtainedat least 4 weeks
after interruption oreductionin ICS in asymptomatic patierj70-73].

Increasing ICS dose<Correlation betweemirway inflammation andor symptoms andf
pulmorary function isverypoor.So, the use of these treatmeibuldbe considered as the second
best[29].

Measurement and interpretation

Normal Valuesand Clinically Important Changes
In the past, studs showed that the upper limitagedependenand ranges from 1B,ppb for the
age of dyearsto 225 ppb for adolescents. The reason for #gedependence is still unknown,
but it canbe result of an increas# the surface arem the airwayswhich is agerelated,age
dependd induction of NO synthetase as a result of recurrent immurgalbgtimulationor
progressive reductioof the constanéxhalationlevel that is relatively higin childrenSo, t hat 0 s
why the upper limit for healthy adults is 33 ppb, while for school children is 25[pgp
Measurement of FeNO level when asthma is stable may be the basiceefoint for a single
patient.It is considered that the mean valieFeNO change that occurs between stability and
"loss of control" aftestoppingl CS treatment is 1,6 ppb (or mean 29) [41].

Interpretation
Based on the currently available data, two algorithms for interpreting the FeNO iresuttsyday
practice hadcbeen developedFirst, as adiagnostictool and second for further management of
asthma(Shown on the tablgs
1) Diagncstic use is pretty cledifable 1).

Table 1. FeNO as a diagnostic tool

FeNO | Level Eosinophil Children

(ppb) inflammation

5-25 Low (< 20 in less than 12 years, <25| Probably not Obstructive  bronchitis, GER
more than 12 years) ENT disturbances, CF, PC

(FeNO<5 ppb check nasal NG
congenital airway anomalie
other immune deficiencies

3045 Intermediate Present but moderate| Interpretationbased on the clini
presentation

50-65 High Significant Atopic asthma, if FEV1 <809
PV, diagnosis for asthma
highly probable. Eosinophilic
bronchitis, a positive response
steroid treatment.

2) In order to monitor patients correctly, inased levelsfd&~eNO in symptomatic patients reffer

to uncontrolled eosinophilic inflammation. Thisviery oftenresult of a wealcompliancewith
antrinflammatory therapy or a poor inhalation technique than inadequate dosi@$.ofdw

levels of FeNO imlicate the absence of eosindmhinflammation of the airwayswhenwe

assume that the result is not credible, as long as the patient has symptoms or has atopic asthma,
this may be due to the use of cigiarwhich reduces the level of FeNO up to 60%.
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It is commonly referred toamatopic (probably neutrophilic) asthma, gastroesophageal reflux
(GER), rhinosinusitis with postnasal dop left heart failurgTable 2).

Table 2.FeNO results for management of asthma

FeNO Level Eosinophil Children
(ppb) inflammation
5-25 Low Probably not If there are symptoms revision of the diagnosis. Considg

Obstructive bronchitis, congenital airway anomalies, CF, P

If there are no symptoms and uses ICS: good compliance
treatment, reduction of the dose 086r, in case of a low dos
exclusion of ICS

3045 Intermediate | Present but If there are symptoms: infection as a cause of worsening,
moderate exposure to allergens, adding therapy other than ICS
examplelonpect i ng b agonist). C

inadequate treatment with ICS, check compliance, checl
inhalation tehniqgue and consider a metered dose inhale
spacer if the patient uses a dry powder inhaler

If there are no symptoms: no changes in the ICS dose

50-65 High Significant If there are symptoms of inadequate treatment with ICS: ¢
the compliance, checthe inhaler technique, inadequate |
dose, high exposure to allergens, exacerbation or rel
consider the metered dose inhaler or spacer if the patient u
inhaler with a dry powder

If there are no symptoms: no changes in the ICS dose.

The datashown inthe tabledss for guidance only. Further stdi may lead to certain changes.
Patients with various clinical phenotypes may have differefdarent valuesof FeNO. Since
asthma is stable, FeNO levels may remain high. Prove that "normalizatioeN& keads to a
clinical benefit is not confirmed. It may be fgeable to have individual "FeN@ping" on the
refrent value$29].

CONCLUSION

FeNO measurement offea step ahead in the assessment ofaiheay diseases. As the
"inflamometer,” FeNO prodes information about the nature ofairway inflammation
Measurements of FeNO are easily performed, they are reproducible and technically less expensive
than the analysis of induced sputuffeNO results require careful consideratmith the clinical
aspet. In symptomaticpatients,high FeNOlevels (> 50 ppb)eferto significant eosinophilia in
the airways, which will most likely respond to treatment Wiis|

The current data providesipport for the diagnostic use of FeNO in children with symptoms
of asthma. Whether or not it needs to be used to predict the response of steroids or to guide the
need for CSin small children with recurrentheezingjs still not clearFor patients with chronic
andor severe asthma, FeNO levels are useful for detemmiwhether eosinophilic inflammation
of the airways is active or not. Both high (> 50ppb) and low (<25 ppb) levels of FeNO can be used
to for predicing the outcomén patients with a definitive history of asthma who are currently in
remission and who hawopped treatment witlCIS. Depending of symptoms, at the same time,
high and low levels of FeNO offassistance tolinicians in adjustment ofthe dose ofCS.
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