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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Background: Pulmonary hemorrhage is a critical, life-

threatening complication of diverse pulmonary pathologies, 
most commonly pulmonary tuberculosis, and often necessitates 
emergent intervention. Conventional therapeutic modalities 
yield inconsistent outcomes, whereas endobronchial valve 
(EBV) placement has emerged as a promising, minimally 
invasive alternative for achieving selective airway occlusion 
and hemostasis.

Objective: To evaluate the clinical efficacy of EBV placement 
compared with conventional conservative management in 
patients presenting with pulmonary hemorrhage.

Methods: A comparative cohort study was conducted at the 
National Center for Tuberculosis and Lung Diseases (Tbilisi, 
Georgia), involving 17 patients who underwent EBV placement 
and 26 patients treated conservatively. Outcomes assessed 
included hemorrhage recurrence, survival, sudden hemorrhage-
related mortality, hematologic recovery, incidence of aspiration 
pneumonia, duration of hospitalization, and health-related 
quality of life (HRQoL) measured with the St. George's 
Respiratory Questionnaire (SGRQ).

Results: Hemorrhage recurrence at 180 days was lower in the 
EBV group (5.9%, 1/17) than in the control group (34.6%, 9/26; 
χ² = 4.75, p = 0.042 by uncorrected χ²; p = 0.071 with Yates' 
correction, not statistically significant at this sample size). The 
180-day survival rate was higher in the EBV group (85.7%) 
than in controls (54.3%). No sudden hemorrhage-related deaths 
occurred in the EBV group, versus 5 of 26 (19.2%) in the 
control group, although this difference did not reach statistical 
significance (Fisher's exact test, p = 0.139). 

Hematologic recovery improved significantly within the EBV 
group over one month (hemoglobin, hematocrit, ESR, and 
WBC all p<0.01), with the control group showing smaller or 
non-significant within-group changes. Aspiration pneumonia 
was less frequent in the EBV group (23.5% vs. 69.2%; χ²=6.86, 
p=0.0088), and mean hospital stay was shorter (13.7 vs. 51.9 
days; p<0.0001). SGRQ scores improved significantly in the 
EBV group at 180 days (65.4 → 42.3, a 35.4% reduction; 
p<0.001), with no significant change in the control group.

Conclusion: EBV placement is associated with reduced 
hemorrhage recurrence, improved survival, fewer complications, 
and better quality of life compared with conservative therapy in 
patients with pulmonary hemorrhage, although the recurrence 
and mortality comparisons should be re-verified statistically 
before this is presented as a definitive finding.

Key words. Endobronchial valve, pulmonary hemorrhage, 
hemoptysis, bronchoscopy, pulmonary tuberculosis, quality of 
life.

Introduction.
Pulmonary hemorrhage remains a formidable clinical 

challenge, contributing significantly to morbidity and mortality 
across a spectrum of pulmonary diseases, including tuberculosis, 
malignancy, and bronchiectasis [1]. Lung diseases as a group — 
pneumonia, tuberculosis, lung cancer, and chronic obstructive 
pulmonary disease — account for roughly one in six deaths 
worldwide and a similar share of disability-adjusted life years, 
with tuberculosis alone responsible for an estimated 10 million 
cases globally, of which approximately 480,000 are multidrug-
resistant [1]. In Georgia specifically, tuberculosis remains a 
leading driver of hemorrhagic airway complications; national 
notification data recorded 2,451 tuberculosis cases (all forms) 
in 2019 — 2,169 of them incident cases, a notification rate of 66 
per 100,000 population — with multidrug-resistant tuberculosis 
accounting for an estimated 12% of new cases [2].

Massive pulmonary hemorrhage arises when pulmonary 
pathology or mechanical injury combines with high pressure 
in the bronchial and pulmonary vasculature and thinning of the 
adjacent mucosa and vessel walls. Conservative management 
alone is frequently inadequate for massive hemoptysis, which 
carries a high mortality; bronchial artery embolization (BAE) 
achieves immediate hemostasis in the majority of cases but 
is limited by rehemorrhage, with recurrence reported in 
approximately 20% of patients [3-5]. Surgical resection, while 
potentially definitive, is frequently precluded by bilateral 
disease, low pulmonary functional reserve, active infection, or 
significant comorbidity [4].

Endobronchial valves (EBVs), originally developed for lung 
volume reduction in emphysema, have shown potential for 
selective occlusion of the bleeding airway segment to achieve 
rapid hemostasis without the physiologic burden of surgery or 
embolization [6-8]. Despite encouraging early reports, rigorous 
comparative data on EBV placement versus conservative 
management in pulmonary hemorrhage remain scarce, and 
health-related quality of life — increasingly recognized as a 
primary outcome in interventional pulmonology — has rarely 
been assessed alongside clinical endpoints.

This study evaluates, for the first time in a Georgian cohort, the 
impact of EBV placement on hemorrhage recurrence, survival, 
hematologic recovery, complication rates, hospitalization 
duration, and HRQoL in patients with pulmonary hemorrhage, 
in comparison with conservative management.
Materials and Methods.
Study design and Setting:

A comparative cohort study was conducted at the National 
Center for Tuberculosis and Lung Diseases (Tbilisi, Georgia). 
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Patients undergoing EBV placement were enrolled prospectively; 
a comparison group treated conservatively during the same 
period was identified and analyzed retrospectively.
Patient Selection:

EBV group — Inclusion criteria:
●	 Hemorrhage from the airway system (hemoptysis)
●	 Single-episode blood loss greater than 50 mL
●	 EBV placement performed
●	 Informed consent for participation

EBV group — Exclusion criteria:
●	 Severe or hemodynamically unstable cardiovascular 

conditions
●	 Anticoagulant use within 5 days prior to intervention
●	 Concurrent surgical resection performed
●	 Refusal to participate
Applying these criteria yielded an EBV group of 17 patients 

(mean age 52.06 ± 15.62 years, median 58; male 82.4%, n=14; 
female 17.7%, n=3).
Control group — Inclusion criteria:

●	 Hemorrhage from the airway system (hemoptysis)
●	 Single-episode blood loss greater than 50 mL
●	 Conservative (non-interventional) treatment
●	 Informed consent for participation

Control group — Exclusion criteria:
●	 Severe or hemodynamically unstable cardiovascular 

conditions
●	 Anticoagulant use within 5 days prior to admission
●	 Surgical resection performed
●	 Refusal to participate
This yielded a control group of 26 patients (mean age 44.85 

± 10.88 years, median 41; male 88.5%, n=23; female 11.5%, 
n=3).
Interventions.

EBV placement: Valve placement was performed under 
general anesthesia using both rigid (Friedel) and flexible 
(Olympus, Pentax) bronchoscopes. Following endotracheal 
intubation with an appropriately sized tube (typically N11–N13), 
diagnostic bronchoscopy and airway sanitation were performed 
to identify the bleeding segment and determine its caliber. An 
appropriately sized EBV (Medlung Ltd.) was mounted on the 
distal end of the flexible bronchoscope and advanced into the 
target bronchus for deployment. Valve position and seal were 
confirmed by direct visualization and instrument palpation, 
followed by a final inspection of the tracheobronchial tree and 
bilateral airway sanitation. To reduce the risk of early valve 
dislodgement from coughing, patients were managed with a 
gradual, controlled emergence from anesthesia, along with 
analgesics and antitussive therapy. Patients were monitored in 
the intensive care unit for 24 hours, underwent chest radiography 
on post-procedure day 2, and were reassessed by bronchoscopy 
at day 10.

Conservative management: Control-group patients received 
standard pharmacologic hemostatic therapy and supportive care 
(including bed rest, monitoring, and treatment of the underlying 
pulmonary pathology) according to institutional protocol, 

without endoscopic or surgical intervention.
Data Collection:

For both groups, the following data were recorded: 
hemorrhage etiology and laterality, maximum blood loss (mL/
day), hemorrhage recurrence at 180 days, overall survival and 
sudden hemorrhage-related mortality, hematologic parameters 
(hemoglobin, hematocrit, erythrocyte sedimentation rate, 
leukocyte and erythrocyte counts) at baseline and one month, 
incidence of aspiration pneumonia, duration of hospital stay, 
and HRQoL assessed with the SGRQ at baseline and 180 days 
(6 months).
Statistical Analysis:

Survival was analyzed using the Kaplan–Meier method with 
Cox proportional hazards regression to estimate hazard ratios 
(HR) and 95% confidence intervals (CI). Continuous variables 
are presented as mean ± standard deviation and were compared 
using Student's t-test. Categorical variables were compared 
using the χ² test; where expected cell counts were small, Yates' 
continuity correction or Fisher's exact test was applied. All 
analyses were performed using IBM SPSS Statistics, Version 
22.0 [9]. A two-sided p-value <0.05 was considered statistically 
significant.
Results.
Baseline Characteristics:

In the EBV group, the underlying etiology of hemorrhage 
was pulmonary tuberculosis in 88.2% (n=15) and malignancy 
in 11.8% (n=2). Hemorrhage originated from the right lung in 
76.5% (n=13), the left lung in 11.8% (n=2), and bilaterally in 
11.8% (n=2). Comorbid conditions (hepatitis B or C, HIV, or 
type 2 diabetes mellitus) were present in 11.8% (n=2). Mean 
maximum blood loss was 288.24 ± 67.38 mL/day.

In the control group, tuberculosis accounted for 96.2% (n=25) 
of hemorrhage etiology and malignancy for 3.8% (n=1). 
Hemorrhage was bilateral in 46.2% (n=12), left-sided in 34.6% 
(n=9), and right-sided in 19.2% (n=5). Comorbid conditions 
were present in 26.9% (n=7). Mean maximum blood loss was 
336.94 ± 390.78 mL/day.
Hemorrhage Recurrence:

Recurrence within 180 days occurred in 1 of 17 EBV patients 
(5.9%, attributable to valve displacement) compared with 9 of 
26 control patients (34.6%). This difference was significant by 
uncorrected χ² (χ²=4.75, p=0.042) but did not retain significance 
after Yates' correction for continuity (χ²=3.28, p=0.071).
Survival and Mortality:

The 180-day survival rate was 85.7% in the EBV group 
compared with 54.3% in the control group (Figure 1). No 
sudden deaths attributable to profuse hemorrhage occurred in 
the EBV group, compared with 5 of 26 (19.2%) in the control 
group; this difference did not reach statistical significance by 
Fisher's exact test (p=0.139).

Cox proportional hazards analysis (control relative to EBV) 
showed a consistent direction of effect favoring the EBV group 
(Table 1; Figure 2), reaching statistical significance at the 8-, 
24-, and 52-week intervals (the 12-week interval did not reach 
significance).
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Figure 1. Survival at 180 days, EBV vs. control group.

Figure 2. Cox proportional hazard ratios for mortality (control vs. EBV) across follow-up intervals.

Figure 3. SGRQ total score at baseline and 180 days, and mean improvement by domain (EBV group).
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Hematologic Outcomes:
Hematologic parameters improved substantially within the 

EBV group over one month (Table 2): hemoglobin rose from 
107.10 ± 15.14 to 127.72 ± 12.13 g/L (p=0.0001), hematocrit 
from 32.48 ± 12.22% to 48.32 ± 15.61% (p=0.0024), ESR fell 
from 44.21 ± 18.20 to 25.88 ± 14.47 mm/h (p=0.0027), and 
WBC fell from 12.36 ± 4.33 to 6.45 ± 2.31 ×10⁹/L (p<0.0001). 
Erythrocyte counts did not change significantly (p=0.841). 
In the control group, within-group changes over the same 
period were smaller and did not reach statistical significance 
for hemoglobin, hematocrit, or WBC (all p>0.05), with the 
exception of ESR (p=0.018).
Complications: Aspiration Pneumonia:

Aspiration pneumonia occurred in 4 of 17 EBV patients 
(23.5%) compared with 18 of 26 control patients (69.2%), a 
significant difference (χ²=6.86, p=0.0088) (Table 3).
Hospitalization Duration:

Mean hospital stay after intervention was 13.69 ± 7.04 days 
in the EBV group versus 51.87 ± 50.35 days in the control 
group (p<0.0001). Notably, hospitalization duration in the EBV 
group was driven predominantly by treatment of the underlying 
tuberculosis rather than by procedural recovery.
Quality of Life:

SGRQ total score improved significantly in the EBV group, 
from 65.38 at baseline to 42.26 at 180 days (a reduction of 
23.12 points, or 35.4%; p<0.001) (Figure 3). No significant 
change was observed in the control group over the same period. 
Improvements in the EBV group were significant across all three 
SGRQ domains: symptoms (mean decrease 27.59, p=0.008), 

Follow-up interval Cox HR (95% CI), Control vs EBV p
8 weeks 5.276 (1.461–19.053) <0.05
12 weeks 2.955 (0.916–9.531) NS
24 weeks 4.364 (1.594–11.952) 0.0331
52 weeks 4.767 (1.798–12.641) 0.0219

Table 1. Cox hazard ratios for mortality, control vs. EBV group, across follow-up intervals.

# Blood parameter EBV group Before EBV group After 1 month Control group Before Control group After 1 month
1 Hemoglobin (Hgb), g/L 107.10 ± 15.14 127.72 ± 12.13 101.82 ± 13.39 110.23 ± 17.56

within-group p 0.0001 0.0578 (NS)
2 ESR, mm/h 44.21 ± 18.20 25.88 ± 14.47 55.39 ± 24.48 40.15 ± 20.25

within-group p 0.0027 0.018
3 Hematocrit (HCT), % 32.48 ± 12.22 48.32 ± 15.61 30.39 ± 14.52 40.33 ± 21.41

within-group p 0.0024 0.057 (NS)
4 Leukocytes (WBC), ×10⁹/L 12.36 ± 4.33 6.45 ± 2.31 13.21 ± 6.78 9.38 ± 4.35

within-group p < 0.0001 0.065 (NS)
5 Erythrocytes (RBC), ×10¹²/L 3.28 ± 2.33 3.45 ± 2.55 4.02 ± 3.37 4.31 ± 2.68

within-group p 0.841 (NS) 0.733 (NS)

Table 2. Hematologic parameters at baseline and 1 month, EBV vs. control group.

Group Aspiration pneumonia, n (%) No aspiration pneumonia, n (%)
EBV group (n=17) 4 (23.5%) 13 (76.5%)
Control group (n=26) 18 (69.2%) 8 (30.8%)
χ² = 6.8605, p = 0.0088

Table 3. Incidence of aspiration pneumonia, EBV vs. control group.

activity (mean decrease 31.46, p<0.001), and impact (mean 
decrease 16.97, p=0.011).
Discussion.

This study demonstrates that EBV placement is associated 
with meaningfully better hematologic recovery, fewer aspiration 
pneumonia events, shorter hospitalization, and substantially 
improved HRQoL compared with conservative management 
of pulmonary hemorrhage, in a cohort drawn predominantly 
from patients with pulmonary tuberculosis. The reduction in 
recurrence and the absence of sudden hemorrhage-related deaths 
in the EBV group are clinically encouraging trends, though — 
as noted above — neither difference was statistically robust 
once appropriate small-sample corrections were applied. This 
should be stated candidly rather than presented as a definitive 
mortality or recurrence benefit.

The mortality difference favored the EBV group across most 
follow-up intervals, which is consistent with a mechanism 
of preventing recurrent hemorrhage and its downstream 
complications (aspiration pneumonia, anemia) rather than an 
acute resuscitative effect. The marked reduction in aspiration 
pneumonia is a plausible driver of the shorter hospital stay and 
improved SGRQ symptom and activity scores in the EBV group.

These findings should be interpreted within the context of a 
population in which tuberculosis was the dominant etiology 
of hemorrhage (88–96% of both groups), which may limit 
generalizability to hemorrhage of malignant or bronchiectatic 
origin.
Limitations.

● Small sample size (17 EBV, 26 control) limits statistical 
power, particularly for mortality and recurrence comparisons 
involving small cell counts.
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● The control group was assembled retrospectively and was 
not randomized, introducing potential selection bias.

● The control group was, on average, younger than the 
EBV group; baseline comparability was not formally tested 
statistically.

● The recurrence and sudden-mortality comparisons lose 
statistical significance when Yates' correction or Fisher's exact 
test is applied, and should be presented as trends rather than 
confirmed effects pending re-analysis of the original patient-
level data.

● The predominance of tuberculosis as the hemorrhage 
etiology may limit generalizability to other causes of pulmonary 
hemorrhage.

● HRQoL was assessed using SGRQ scores derived from a 
dataset in which some patients were not evaluable at follow-up 
due to early mortality in the control group, introducing potential 
survivor bias.
Conclusion.

In this cohort, EBV placement was associated with improved 
hematologic recovery, fewer aspiration pneumonia events, 
shorter hospital stays, and better quality of life compared with 
conservative management of pulmonary hemorrhage, with 
favorable but not statistically definitive trends toward reduced 
recurrence and mortality. These findings support further 
investigation of EBV placement as a minimally invasive option 
for pulmonary hemorrhage, ideally through larger, prospective, 
and preferably randomized studies that can adequately power 
the recurrence and survival comparisons.
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