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CONCEPTUAL FRAMEWORK OF THE RESEARCH 

Relevance and Importance of the Topic Addressed. Among oncological diseases, 

the incidence of lung cancer is on the rise both globally and in the Republic of Moldova. In 

2021, approximately 2,000,000 people worldwide were diagnosed with lung cancer, result-

ing in 1,800,000 deaths. According to the American Cancer Society, in 2022, 236,740 peo-

ple (117,910 men and 118,830 women) were diagnosed with lung cancer in the U.S., and 

130,180 people died (68,820 men and 61,360 women). Of all the deaths caused by oncolog-

ical diseases, 25% are attributed to lung cancer. The risk of developing lung cancer signifi-

cantly increases after the age of 40. Although lung cancer primarily affects individuals aged 

50 to 70, recent trends indicate cases occurring in individuals under 40. The prevalence and 

mortality of lung cancer surpass the combined prevalence and mortality of colon, breast, 

and prostate cancers. According to the U.S. National Cancer Institute, one in 16 people will 

develop lung cancer in their lifetime; concerningly, 65% of lung cancer cases occur in indi-

viduals who have never smoked. The 5-year life expectancy from the time of lung cancer 

diagnosis is 22%. Even if lung cancer is diagnosed in the early stages, only 60% survive for 

five years. 

According to the latest public data from the National Bureau of Statistics of the Re-

public of Moldova for 2022, mortality in malignant tumors takes the II place (approximately 

14.6%), with 5,731 deaths recorded (in 2018 and 2012, there were 6,133 and 5,734 cases). 

Since 1982, lung cancer has been the leading cause in the oncological structure. In 2020, 

there were 565 new cases of lung cancer, rising to 812 cases (+44%) in 2021, making it the 

second most diagnosed malignant tumor. Contrary to the statistics from the USA, in the 

Republic of Moldova the 5- years survival rate from the moment of lung cancer diagnosis 

is 20-35%. According to available statistical data (1991-1997), the morbidity of lung cancer 

in the 30-34 age group increased fivefold (from 0.8 to 4.6 cases per 100,000 inhabitants), in 

the 35-39 age group it tripled (from 4.4 to 12.5 per 100,000), and in the 40-44 age group it 

doubled. 

The conclusion is that this oncological condition represents a public health problem, 

imposing a significant financial and social burden on the state, and is tragic for patients and 

their families. Preventive measures, primary prophylaxis, risk group identification, screen-

ing, and early-stage diagnosis often fail to achieve their intended goals for various reasons. 

Although significant medical advances have been made in recent decades (molecular diag-

nostic techniques, imaging, surgery, intensive therapy, etc.), these have not substantially 

altered the prognosis or life expectancy of patients. Thus, one potentially achievable treat-

ment strategy is to extend the patient’s lifespan (through chemotherapy, radiotherapy, or 

surgical treatment). 

Surgery plays an important role in the diagnosis, staging and treatment of non-micro-

cellular  lung cancer. Pulmonary resection is the treatment of choice for stage I-II of non-

microcellular lung cancer and an important component of multimodal treatment for stage 

IIIA. Essentially, surgical treatment involves standard resections (lobar, bilobar, pulmo-

nary), with examination of the ipsilateral hilum and mediastinal lymph nodes. According to 

Lackey A. (2013), the goal of surgical treatment in early stages is to reduce morbidity and 

mortality. For more advanced stages of lung cancer or in patients with anesthetic-surgical 

risk, the focus is on correctly identifying patients for whom surgical treatment, combined 



with radiotherapy or chemotherapy, would provide a benefit. This underscores the im-

portance of the issue addressed in the present research. 

The issue of surgical treatment for lung cancer has been approached in 2019 by the 

European Society of Thoracic Surgeons, joining the ERAS Society, thoracic surgery section 

(which had addressed the issue in 2017). Accelerated postoperative recovery protocols have 

confirmed their utility in various surgical fields (colorectal, cardiac, orthopedic, etc.), in-

cluding thoracic surgery. However, scientific publications addressing the ERAS strategy in 

thoracic surgery are based on non-randomized studies with significant methodological de-

ficiencies and bias factors. Accordingly, the results and conclusions are very heterogeneous, 

and the need to standardize the recommendations remains a future goal. A very recent trend 

in perioperative patient management is the so-called prehabilitation (respiratory, cognitive, 

motor, etc.)—a set of measures, still insufficiently clearly defined, aimed at increasing the 

functional capacity (reserve) of the patient, enabling them to cope with surgical stress and 

the postoperative recovery period. The effects of other perioperative support techniques 

(e.g., fascial plane blocks, antifibrinolytic strategies to limit perioperative bleeding) on post-

operative outcomes have yet to be reported in oncological thoracic surgery. 

As a result, the possibility of developing and testing new perioperative management 

methods in oncological thoracic surgery is outlined within a new, multimodal, and inte-

grated concept, which could make new categories of patients eligible for surgical treatment, 

especially those with advanced anesthetic-surgical risk, and/or improve postoperative out-

comes for any patient undergoing intervention. 

Purpose of the work: To develop a multimodal perioperative approach for patients 

with bronchopulmonary cancer and advanced anesthetic-surgical risk, which would allow 

the expansion of operability criteria to increase the life expectancy and reduce postoperative 

complications. 

Research Objectives: 

1. To estimate the own, developed methodology for the preoperative evaluation of patients 

with bronchopulmonary cancer and advanced anesthetic-surgical risk, justifying an indi-

vidualized prehabilitation program to enhance preoperative biological reserves. 

2. To characterize the clinical and paraclinical aspects and analyze the results of the tradi-

tional approach for patients with bronchopulmonary cancer and advanced anesthetic-sur-

gical risk. 

3. To conduct a comparative analysis of the clinical utility of the Charlson, Th-RCRI, ASA, 

and MET scores in the management of perioperative evolution and treatment results of 

patients with broncho-pulmonary cancer and advanced anesthetic-surgical risk. 

4. To identify, describe, and analyze the determinants of perioperative mortality in patients 

with bronchopulmonary cancer and advanced anesthetic-surgical risk to optimize the 

management of related risks. 

5. To assess the role of ultrasound-guided fascial plane blocks in the thoracic region in 

accelerating postoperative recovery to homeostasis in patients with bronchopulmonary 

cancer and advanced anesthetic-surgical risk. 

6. To evaluate the impact of intraoperative bleeding reduction strategies on the postopera-

tive recovery of patients with bronchopulmonary cancer and advanced anesthetic-surgi-

cal risk. 



7. To analyze postoperative outcomes with the development of a rational diagnostic-thera-

peutic algorithm for patients with bronchopulmonary cancer. 

Methodology of Scientific Research 

The study design is bidirectional (retrospective and prospective), cohort-based. The 

research protocol was approved by the Research Ethics Committee of the State University 

of Medicine and Pharmacy "Nicolae Testemițanu" in the Republic of Moldova (minutes 

report no. 4 from 12.11.2020). 

To achieve the research objectives and tasks, were studied two patient cohorts. The 

first cohort, collected retrospectively from the database of the Oncology Institute, included 

patients with lung cancer and advanced anesthetic risk who met the inclusion and exclusion 

criteria for the study, but had not undergone surgical treatment due to contraindications 

based on traditional approaches. The second cohort was formed prospectively, adhering to 

the same inclusion and exclusion criteria, but included patients who benefited from a newly 

proposed conceptual approach (elements of prehabilitation and accelerated postoperative 

rehabilitation, anterior fascial plane analgesia, intraoperative antifibrinolysis, stratification, 

and parametrization of risks based on integrated severity scores (ASA, Th-RCRI, MET, 

Charlson)). The surgical patients were divided into two subgroups: survivors and those who 

died during the early postoperative period, in order to identify differences, risk factors, and 

predictors of postoperative mortality. The series of surviving patients who underwent sur-

gery based on the expanded criteria for surgical treatment was compared with the cohort of 

patients treated through traditional approaches (only chemotherapy and/or radiotherapy) in 

terms of the two-year survival rate. 

The results obtained from descriptive and inferential statistical analysis were subse-

quently used as a basis for the mathematical-analytical statistics of the data. This served as 

an argument for the precise formulation of extended indications and contraindications for 

surgical interventions based on the identified and parametrized risk factors, as well as for 

the formulation of general practical recommendations. Specifically, two subcategories of 

patients with lung cancer and advanced anesthetic-surgical risk were identified and com-

pared, which showed similar long-term results: (1) patients with stage III lung cancer and a 

Charlson score of 0-4 points, and (2) patients with stage I-II lung cancer and a Charlson 

score of 5-12 points. 

The required number of patients to test or reject the formulated research hypotheses 

was calculated using G*Power software v. 3.1.9.6 (developed by Franz Faul, University of 

Kiel, Germany, 1992-2020), based on the primary outcome criterion of a minimum 15% 

difference in the two-year survival rate between cohorts. Accordingly, the total number of 

patients needed was estimated to be 184 individuals. Statistical analysis of the data series 

was performed using GraphPad Prism software, version 9 trial (GraphPad Software, Boston, 

USA). The following statistical tests were applied: Fisher's exact test, Student's t-test, Spear-

man and Pearson correlation tests, ROC curves, Kaplan-Meier curves (with the Mantel-Cox 

test), multicollinearity testing, logistic regression, and probability calculation. The selection 

of tests was based on the formulated hypothesis, the normal or abnormal distribution of the 

data series, and the number of data series. The results are presented as mean and standard 

deviation (if applicable – 95% confidence interval of the mean), and relative (absolute) data. 

Statistical calculations were performed based on a study power of 80%, alpha error of 5%, 

beta error of 20%, and statistical significance of less than 0.05. 



 

Novelty and Scientific Originality of the Results Obtained 

The issue of surgical treatment in patients with lung cancer and advanced anesthetic-

surgical risk has been addressed for the first time. These patients are traditionally treated 

only with chemotherapy or radiotherapy. It has been demonstrated that for well-defined cat-

egories of patients, surgical treatment is feasible, yielding significantly better postoperative 

results and a two-year survival prognosis, compared to the traditional approach. Specific 

risk factors have been established and parameterized to identify patients eligible for surgical 

treatment among those with increased anesthetic-surgical risk. Additionally, predictive 

models for perioperative mortality have been developed and tested, based on integrated se-

verity scores. A perioperative management strategy has been created, which includes ele-

ments of prehabilitation, accelerated postoperative rehabilitation, intraoperative antifibri-

nolysis, and prior analgesic nerve blocks. These components work synergistically to en-

hance the body's resistance to surgical stress and facilitate the return to homeostasis. 

Important Scientific Problem Addressed in the Thesis 

A new conceptual approach to the eligibility and perioperative management of patients 

with lung cancer and advanced anesthetic-surgical risk has allowed for the expansion of 

operability criteria for some categories of patients previously considered inoperable. Math-

ematical models for predicting postoperative mortality risk, based on complex severity 

scores (Th-RCRI, Charlson, MET, and ASA) and the extent of planned pulmonary resection, 

enable the proposal of a reasonable treatment option (surgical or non-surgical). Patients with 

lung cancer and advanced anesthetic-surgical risk, operated based on the developed ex-

tended operability criteria and managed perioperatively with elements of prehabilitation and 

accelerated postoperative rehabilitation, significantly increase life expectancy compared to 

traditional approaches. 

Theoretical Significance 

The work provides a critical synthesis of the literature regarding elements of acceler-

ated postoperative rehabilitation that, in the author's adaptation to oncological thoracic sur-

gery, has allowed for the identification of categories of patients eligible for intervention 

among those previously deemed ineligible. The thesis offers theoretical, methodological, 

and practical support related to preoperative assessment, individualized prehabilitation pro-

grams, accelerated postoperative rehabilitation, and intra- and postoperative care for patients 

with bronchopulmonary cancer with increased anesthetic-surgical risk, which facilitate an 

increase in survival rates. 

Practical Value of the Work 

The proposed innovative approach allows for the expansion of operability criteria for 

patients with bronchopulmonary cancer and increased anesthetic-surgical risk. As a result, 

an additional segment of patients can benefit from surgical treatment for bronchopulmonary 

cancer, achieving significantly better clinical outcomes in terms of survival rates and life 

expectancy. The research findings provide straightforward practical recommendations for 

surgeons, anesthesiologists, and intensivists in evaluating and stratifying risks, types of pre-

habilitation, and preoperative preparation for elective surgical patients. The use of a previ-

ous serratus plane block in thoracic surgeries reduces postoperative pain intensity and im-

proves ventilatory parameters. Reducing intraoperative bleeding through the systematic ad-

ministration of tranexamic acid contributes to a faster return to homeostasis for the patient 



after surgery. 

Implementation of Results in Practice 

The research findings have been implemented in current clinical practice in the thoracic 

surgery department of the Emergency Medicine Institute in Chișinău, Republic of Moldova 

(Appendices No. 01-02). 

Approval of the Thesis 

The main postulates of the thesis have been reported and discussed at: 

▪ The National Congress of Oncology (Poiana Brașov, Romania; 2023); 

▪ The National Congress of Surgery (Eforie-Nord, Romania; May 24-27, 2023); 

▪ The National Congress of Surgery (Eforie-Nord, Romania; May 24-27, 2023); 

▪ The 30th Annual Congress of the World Society of Cardio-Vascular and Thoracic Sur-

geons (St. Petersburg, Russia; 2022); 

▪ The National Congress of Surgery (Sinaia, Romania; June 8-11, 2022); 

▪ The 13th Congress of the "Nicolae Anestiadi" Surgeons Association and the 3rd Con-

gress of the "V.M. Guțu" Society of Endoscopy, Minimally Invasive Surgery, and Ultra-

sonography from the Republic of Moldova (Chișinău; September 18-20, 2019). 

The results of the study were discussed and approved during the meeting of the 

Department of Surgery No. 1 "Nicolae Anestiadi," USMF "Nicolae Testemițanu" (minutes 

report No. 10 from 02.05.2024); and at the Scientific Seminar in the field – 321.13. Surgery; 

321.14. Pediatric Surgery; 321.22. Urology and Andrology, USMF "Nicolae Testemițanu" 

(excerpt from minutes from 26.06.2024). 

Publications on the Thesis Topic 

The foundational materials of the thesis have been published in 24 scientific papers, 

including one monograph, 4 articles in international journals, 2 articles in indexed foreign 

journals, 3 articles in nationally indexed journals, 12 abstracts published in the proceedings 

of scientific events; 2 intellectual property objects, and oral presentations and communica-

tions at various international scientific events (2 in the country and 5 abroad). 

Summary of the Thesis Sections 

The thesis text is presented in 197 pages of core text, processed on a computer, con-

sisting of the list of abbreviations, introduction, 7 chapters, general conclusions, practical 

recommendations, a bibliography of 310 sources, and 7 appendices. The illustrative material 

includes 48 tables and 53 figures. 

Keywords 

Bronchopulmonary cancer, anesthetic-surgical risk, ultrasound-guided fascial plane 

block, prehabilitation, extended operability criteria, accelerated rehabilitation protocols, sur-

vival rate. 

THESIS CONTENT 

1. SURGICAL TREATMENT OF BRONCHOPULMONARY CANCER IN PA-

TIENTS WITH ADVANCED ANESTHESIOLOGICAL-SURGICAL RISK 

WITHIN A MULTIMODAL APPROACH TO PERIOPERATIVE  

MANAGEMENT 

This chapter presents a critical analysis of recent and relevant scientific literature re-

garding the surgical treatment of bronchopulmonary cancer, including in patients with ad-

vanced anesthesiological-chirurgical risk. The chapter is structured into five sections. The 

first section reviews the epidemiology of bronchopulmonary cancer, based on data from the 



international GLOBOCAN platform as well as internal evidence from the Republic of Mol-

dova. It mentions issues such as late diagnosis, reduced survival rates, and the limited effi-

cacy of radiotherapy or chemotherapy treatments, whether used alone or in combination. 

Additionally, it highlights the extremely low proportion of patients who generally benefit 

from surgical treatment for bronchopulmonary cancer. The purely surgical aspects are dis-

cussed in the second section of the chapter, where the criteria for operability, indications, 

and contraindications for surgical treatment are addressed. The modern approach, based on 

the new concept of prehabilitation for frail patients aimed at increasing their preoperative 

biological reserve and ability to withstand surgical stress, is described in the third section. 

The inclusion of prehabilitation in ERAS-type programs has been associated with a reduc-

tion in postoperative morbidity and mortality, as well as hospital duration and costs, alt-

hough this varies depending on the field of surgery and the experience of the surgical clinic 

adopting such an approach. The last two subsections (four and five) of the chapter focus on 

the anesthetic and perioperative care of patients undergoing thoracic surgeries, including 

oncological interventions. New technologies, based on ultrasound-guided administration of 

local anesthetics with or without adjuvants, enable the performance of analgesic blocks of 

sensory nerves passing through the muscular interfascial planes. In addition to remarkable 

postoperative analgesia, these technologies facilitate accelerated postoperative recovery. 

The summary of Chapter 1 identifies numerous understudied aspects or conflicting data re-

ported in the literature that require clarification, as well as a reconceptualization of the sur-

gical approach for patients with bronchopulmonary cancer and advanced anesthesiological-

chirurgical risk. 

2. MATERIALS AND RESEARCH METHODS 

2.1. Study design 

        The research conducted for this thesis tested a new multimodal perioperative ap-

proach developed for patients with bronchopulmonary cancer and advanced anesthetic-sur-

gical risk, aimed at expanding surgical operability criteria to increase life expectancy and 

reduce postoperative complications. From this perspective, the work consists of two main 

studies: 1) the first study, experimental, prospective, descriptive-analytical, and cohort-

based, was carried out in the thoracic surgery department (Institute of Emergency Medi-

cine), part of the Surgical Clinic of the Department of Surgery No. 1 “Nicolae Anestiadi”, 

USMF “Nicolae Testemițanu” in the Republic of Moldova during the years 2016-2024; 2) 

the second study, retrospective, descriptive-analytical, and cohort-based, was conducted 

based on medical records, with data extracted from the archive of the Oncology Institute in 

the Republic of Moldova. Data collection took place throughout 2022 and included eligible 

clinical cases according to predefined inclusion and exclusion criteria, treated and monitored 

during the years 2013-2020. 



 

Figure 1. General Design of the Research in the Thesis 

 

The main research hypothesis is based on findings from a critical literature synthesis. 

Specifically, this paper tested the influence of the developed innovative approach on sur-

vival rates and overall survival duration compared to the traditional approach in patients 

with lung cancer and advanced anesthetic-surgical risk. The innovative approach included 

the application of ERAS-type elements (combatting malnutrition, correcting preoperative 

anemia, avoiding incidental hypothermia in the operating room, multidimensional preoper-

ative prehabilitation, multimodal pain management, intraoperative use of antifibrinolytics, 

etc.), as well as the implementation of new anesthesia techniques (e.g., ultrasound-guided 



fascial plane blocks) and surgical techniques (e.g., a new type of bronchial sealing suture 

proposed). 

Thus, the inclusion criteria for the study were: 1) adult patients (over 18 years old); 2) 

bronchopulmonary cancer in stages I-IIIa; 3) preoperative diagnosis confirmed by patho-

logical anatomy examination; 4) patients with preoperative anesthetic risk ASA II-III; 5) 

patients not previously operated on for bronchopulmonary cancer; 6) patient consent to par-

ticipate in the research project. The exclusion criteria from the study were: 1) patients with 

bronchopulmonary cancer in stages IIIb-IV; 2) metastases from other tumor types in the 

lungs; 3) preoperative anesthetic risk ASA I and ASA IV, V; 4) patients with a history of 

cardiac and major vessel surgeries; 5) patients previously operated on for bronchopulmo-

nary cancer; 6) absence of preoperative pathological anatomy examination; 7) patients with 

preoperative cognitive disorders; 8) patients abusing alcohol or using drugs; 9) patients who 

refused to participate in the research project. 

The proposed and realized design of the research in this thesis is presented in the fig-

ure1. 

Finally, to conclude on the feasibility of expanding the operability criteria for bron-

chopulmonary cancer, the multimodal innovative approach during the perioperative period 

on the 2-year survival rate and average survival duration, these key outcome parameters 

were compared between the retrospective cohort (traditionally approached, non-operated 

patients) and the series of surviving patients from the prospective cohort (Figure1). 

2.2. Preoperative Assessment and Anesthetic-Surgical Risk Stratification 

Preoperative respiratory assessment is based on three core elements: (1) respiratory 

biomechanics; (2) actual pulmonary parenchyma function; (3) cardiopulmonary functional 

reserve. Current guidelines for preoperative respiratory function assessment consider the 

most valid parameters: FEV1, DLCO (diffusion capacity of the lungs for carbon monoxide), 

and VO2max (maximum oxygen consumption). Subsequently, depending on the estimated 

resection volume, functional resectability is estimated based on two derived parameters: 

ppoFEV1 and ppoDLCO, which are the theoretical postoperative values estimated from the 

patient's actual preoperative values, subtracting those volumes that are hypothetically pro-

vided by the volume of lung tissue to be removed [1, 2, 3]. 

The Goldman Risk Index (GRI) is one of the first risk scores for cardiac complication 

risks that was developed and widely disseminated in most fields of surgery, anesthesia, and 

intensive care. As a result, a score was created consisting of nine criteria, to which a specific 

point value was assigned if positive (Table 1). 

The Revised Cardiac Risk Index (RCRI) assesses six independent variables associated 

with increased cardiac risk. These clinical risk factors include: high-risk surgery, ischemic 

heart disease, history of congestive heart failure, history of cerebrovascular disease, insulin-

dependent diabetes and preoperative serum creatinine over 2 mg/dL (or over 177 µmol/L). 

The Revised Cardiac Risk Index (RCRI) was developed as a risk stratification tool for pa-

tients undergoing non-cardiac surgery; however, its development and validation included a 

relatively small number of patients undergoing thoracic surgery. A recalibration of the RCRI 

proposed by Brunelli and co-authors, known as the Thoracic Revised Cardiac Risk Index 

(ThRCRI), has emerged as a tool to predict postoperative cardiovascular complications in 



patients undergoing lung resections. The individual components of the ThRCRI (pneumo-

nectomy, chronic kidney disease and cardiovascular disease) are known to be associated 

with an increased risk of mortality in the general population. In the ThRCRI, patients are 

classified into four risk groups based on their accumulated score: A (risk score of 0), B (risk 

score of 1 to 1.5), C (risk score of 2 to 2.5), and D (risk score greater than 2.5).[8] 

 
Table 1. Goldman risk index 

Criteria Score 

History 

• Myocardial infarction in the last 6 months 10 

• Age 70 and above 5 

Physical Examination 

• Jugular vein distension or S3 11 

• Significant aortic stenosis 3 

Electrocardiogram 

• Rhythm other than sinus with or without premature complexes on last 

ECG 

7 

• 5 ventricular premature complexes/min before surgery 7 

Other Factors 

• Poor general physical condition 3 

• Intra-abdominal, intrathoracic, or aortic surgery 3 

• Emergency surgery 4 

Total Points 53 

Probability of life-threatening complications based on CRI points 

Class Points 
Minor or No 

Complications 

Probability of 

Complications 
Sudden Cardiac Death 

I 0-5 99% 0,7% 0,2% 

II 6-12 93% 5% 2% 

III 13-25 86% 11% 2% 

IV  26 22% 22% 56% 

2.3. Description of surgical techniques applied through the lens of relevant clinical ca-

ses 

Right pneumonectomy. Under general anesthesia, the patient is positioned in a supine 

position. An anterolateral thoracotomy is performed on the right through the fourth inter-

costal space. Upon revision, the upper lobe of the lung is found to be adherent to the thoracic 

wall and mediastinum, with adherence to the spine. In the region of segment S1, a hard, flat, 

immobile formation measuring 1×2 cm is palpated. A flat, elongated formation is also iden-

tified along the path of the oblique interlobar fissure. Multiple nodular formations are noted 

on the mediastinal pleura and multiple nodules are found on the visceral pleura of the upper, 

middle and lower lobes of the lung, as well as on the diaphragm—multiple nodules of var-

ying sizes. The decision was made in favor of pneumonectomy with extensive lymphade-

nectomy. The preparation of the right pulmonary hilum was carried out, ligating the superior 



and inferior veins, as well as the peripheries. These were sutured and sectioned. The pulmo-

nary artery was prepared, ligated, and sectioned, including the peripheries. Vascular pneu-

monectomy was performed with stable hemostasis. During the preparation of the main bron-

chus, adherence to the wall of the esophagus was determined, involving the vagus nerve. 

Extensive lymphadenectomy was performed, removing lymph nodes from the esophagus, 

the right main bronchus and at the tracheal bifurcation (lymph node groups 8, 10, and 7). A 

vagotomy was performed due to the involvement of the tumor process in the vagus nerve. 

A nasogastric tube was placed for postoperative monitoring of the esophagus. The right 

main bronchus was clamped, sectioned in stages and sutured in two layers with continuous 

suture (Innovator’s Patent No. 6185). Stable hemostasis and airostasis were achieved and 

pneumonectomy was performed. The stump of the main bronchus was covered with medi-

astinal pleura. A 30 Fr silicon drain was placed, directed towards the right pleural dome. 

Thermal ablation of metastatic nodules on the mediastinal pleura and diaphragm was per-

formed. The drain was secured and thoracorrhaphy was performed in anatomical layers. An 

aseptic dressing was applied. The drain was connected to the Bulau system. Intraoperative 

blood loss amounted to approximately 400 ml. 

Left Pneumonectomy. Under general anesthesia, the patient was positioned in a prone 

position. A left posterolateral thoracotomy was performed, with layer-by-layer incision and 

hemostasis throughout. The entry into the left pleural cavity was through the VII intercostal 

space. Upon inspection, a volume formation was found projecting onto the central bronchus, 

adhering to the wall of the left main pulmonary artery and the superior pulmonary vein, with 

enlarged and firm parahilar and bifurcation lymph nodes (groups 10 and 7). There were 

metastatic foci in the upper and lower lobes of the lung, and a region with conglomerates of 

nodules on the diaphragm. A decision was made for pneumonectomy. The pulmonary liga-

ment was severed and the hilum structures on the left were dissected along with lymphade-

nectomy of mediastinal lymph node groups 7, 10, 4L, 5, and 6. The peripheral structures of 

the left pulmonary hilum were prepared, the left vagus nerve was mobilized from the volume 

formation, and the central inferior vein was ligated, followed by peripheral ligation and su-

turing of the central segment. The central superior vein was ligated and then ligated periph-

erally, with central suturing and sectioning. The central pulmonary artery was ligated with 

peripheral ligation, and central suturing was performed, followed by sectioning. A vascular 

pneumonectomy was conducted with verification of hemostasis. The central bronchus of the 

left lung was prepared, clamped, and sectioned in stages, with suturing in two layers using 

continuous suture (Innovator Patent No. 6185) and treatment of the stump with a betadine 

solution. Pneumonectomy was performed with subsequent pleuralization of the left main 

bronchial stump. Hemostasis and air leakage were verified. A 28 Fr silicon drain was placed 

in the thorax, directed towards the left pleural dome. The drain was secured. Thermal abla-

tion of the conglomerate of nodules on the pleural surface of the diaphragm was performed. 

Thoracorrhaphy was done layer by layer. Intraoperative blood loss was approximately 400 

ml. 

Transpericardial Pneumonectomy on the Left. Under general anesthesia, the patient 

was placed in a prone position. A left posterolateral thoracotomy was performed layer by 

layer, with hemostasis throughout. In the pleural cavity, multiple pleuro-pulmonary, dia-

phragmatic, and mediastinal adhesions were found. Pneumolysis was performed, though 

with technical difficulties. Upon inspection, a central tumor was identified anterior to the 



left pulmonary artery, approximately 3×3 cm in size, hard on palpation, immobile, and ir-

regularly shaped. Additionally, two metastases in the lung measuring 2 and 3 mm were 

identified. The pulmonary hilum was prepared with identification and mobilization of the 

artery, vein, and bronchus on the left side. The pulmonary artery and vein were ligated cen-

trally and peripherally, and sectioned. The bronchus was prepared, clamped, and sectioned 

with sutures applied in two layers. A 28 Fr drain was placed in the pleural cavity, oriented 

towards the pleural dome. It was secured, and checks for hemostasis, air leakage, and foreign 

bodies were performed. Thoracorrhaphy was done layer by layer. Intraoperative hemorrhage 

was estimated at 1600 ml. 

Transpericardial Pneumonectomy on the Right Side. Under general anesthesia, the 

patient was positioned in the dorsal decubitus. Anterolateral thoracotomy on the right side 

with ongoing hemostasis. Access was gained to the pleural cavity on the right through the 

IV intercostal space. Upon revision, the middle and upper lobes were adherent to the parietal 

pleura, followed by pneumolysis with hemostasis. During further revision, a hard, irregular, 

immobile tumor process was palpated, centrally located between the confluence of the azy-

gos vein and the superior vena cava, the right main bronchus, the right pulmonary artery, 

and the right superior pulmonary vein. With technical difficulties, preparation of the right 

pulmonary hilum was achieved; both pulmonary veins were centrally ligated and the pe-

ripheral sections were ligated down to their segmental portions. These were sutured and 

sectioned with stable hemostasis. The right pulmonary artery was ligated, followed by su-

turing and further sectioning. Stable hemostasis was achieved. The bronchus was prepared 

and separated from the tumor process, which also involved the azygos vein. It was clamped 

and sutured with continuous sutures in two layers, achieving stable aerostasis. The right 

bronchial stump was pleurized with mediastinal adipose tissue and thymic gland. Control 

was established for aerostasis and hemostasis. A 30 Fr silicon drain was applied, oriented 

towards the right pleural dome. This was fixed, and thoracorrhaphy was performed on ana-

tomical layers. Intraoperative hemorrhage was approximately 1200 ml. 

Right Upper Lobectomy. Under general anesthesia, the patient was positioned in the 

dorsal decubitus. Anterolateral thoracotomy on the right side with hemostasis ensured. Ac-

cess was gained to the pleural cavity through the IV intercostal space. Upon revision, a mass 

of 1×1 cm was found in S3, immobile and hard to palpate; pleuro-pulmonary adhesions were 

present at the level of the upper lobe, followed by further pneumolysis. Mediastinal lym-

phadenopathy was observed. The upper lobe elements of the right lung were mobilized and 

prepared. The veins and arteries of the upper lobe were ligated, sutured, and sectioned. The 

bronchus of the upper lobe was prepared, clamped and sutured in two rows with pleurization 

of the bronchial stump. The pulmonary ligament was sectioned. Verification for hemostasis 

and aerostasis was performed. Two drains were applied in the right pleural cavity, oriented 

towards the right pleural dome. These were fixed, and thoracorrhaphy was performed on 

anatomical layers. The drain was connected to the Bulau system. Intraoperative hemorrhage 

was estimated at 300 ml. 

Right Upper Bilobectomy. Under general anesthesia, an anterolateral thoracotomy was 

performed on the right side, layer by layer, with hemostasis achieved. The pleural cavity on 

the right was entered. Upon revision, a mass was identified in the interlobar fissure of the 

upper and middle lobes, near the pulmonary hilum; it was hard on palpation and immobile. 

The decision was made to perform a right upper bilobectomy. The peripheral and central 



veins and arteries of the upper and middle lobes were meticulously prepared, ligated and 

sectioned. The main bronchi of the upper and middle lobes were prepared. They were 

clamped, sutured, and sectioned using the Sweet technique. Stable hemostasis and aerostasis 

were obtained. Two drainage tubes (28 Fr and 26 Fr) were placed in the pleural cavity, 

oriented towards the pleural dome. The drains were secured and thoracoplasty was per-

formed in anatomical layers. The drains were connected to the Bulau system. Intraoperative 

blood loss was estimated at approximately 1000 ml. 

Middle Lobectomy. Under general anesthesia, the patient was placed in the dorsal po-

sition. An anterolateral thoracotomy was performed on the right side, layer by layer, with 

hemostasis maintained. The IV intercostal space was entered. Upon revision, a mass was 

found in the middle lobe. The decision was made for a middle lobectomy. The hilum ele-

ments were prepared with delimitation of the lobe from the oblique and horizontal fissures. 

The vascular elements and bronchus of the middle lobe were prepared. The hilum elements 

of the middle lobe were ligated and sectioned. Hemostasis and aerostasis were verified. A 

24 Fr drainage tube was placed, oriented towards the right pleural dome. The drain was 

secured and thoracoplasty performed in layers. The drain was connected to the Bulau sys-

tem. Intraoperative blood loss was approximately 150 ml. 

Right Lower Lobectomy. Under general anesthesia, the patient was placed in the dorsal 

position. An anterolateral thoracotomy was performed on the right side in the V intercostal 

space, with incision through the anatomical layers, achieving hemostasis. Upon revision, 

thickening of the visceral pleura was determined. Multiple adhesions were noted in the basal 

and apical regions of the right lung, as well as in the mediastinum. Pneumolysis was per-

formed and the right pulmonary ligament was sectioned. The inferior pulmonary lobe was 

mobilized through the fissure to the inferior lobe artery. The elements of the lower lobe and 

inferior pulmonary vein were prepared. Peripheral structures were prepared. The inferior 

pulmonary vein and right lower lobe artery were ligated and sutured centrally. A lymph 

node was removed from the anterior surface of the inferior lobe bronchus. The inferior lobe 

bronchus was clamped and sectioned. It was sutured in two layers with continuous suture. 

Stable aerostasis was achieved. Pulmonary decortication was performed. Two drainage 

tubes (24 Fr and 28 Fr) were placed, oriented towards the right pleural dome. The tubes 

were secured and thoracoplasty was performed in anatomical layers. The drains were con-

nected to the Bulau system. Intraoperative blood loss was approximately 300 ml. 

Left Upper Lobectomy. Under general anesthesia, the patient was placed in the dorsal 

position. An anterolateral thoracotomy was performed on the left side in the intercostal 

space, with incision through layers, achieving hemostasis throughout. Upon revision, a mass 

was identified in the left upper lobe, with adhesion to the anterior thoracic wall. Pneumolysis 

was performed and the tumor was detached from the thoracic wall. The elements of the 

pulmonary hilum and the left upper lobe were prepared, ligated and sectioned. The bronchus 

was clamped and sutured with continuous suture in two layers. Left mediastinal lymphade-

nectomy was performed. Tumor ablation was conducted. Two drainage tubes of 24 Fr and 

28 Fr were introduced, oriented towards the left pleural dome. The tubes were secured and 

hemostasis and aerostasis were checked. Thoracoplasty was performed in anatomical layers. 

The drains were connected to the Bulau system. Intraoperative blood loss was approximately 

200 ml. 

Left Lower Lobectomy. Under general anesthesia, the surgical field was prepared and 



delineated. A posterolateral thoracotomy was performed, with layer-by-layer incision and 

hemostasis ensured. Upon revision, a volume formation was identified, palpable through the 

interlobar fissure (4×4 cm), with no signs of invasion into the upper lobe. The organs in the 

left pleural cavity showed no other abnormalities. The decision was made for a lower lobec-

tomy. The pulmonary ligament was sectioned. The vascular elements of the left lower lobe 

were mobilized. The vein of the left lower lobe was identified, prepared along with its 

branches, ligated and sectioned. The artery of the left lower lobe was prepared along with 

its branches, ligated, sutured and sectioned. The main bronchus of the lower lobe was iden-

tified, clamped and sectioned using the Sweet method. Stable airostasis was achieved. A 

lymphadenectomy of a paraesophageal lymph node chain on the left was performed. A 28 

Fr drainage tube was placed in the left pleural cavity, oriented toward the pleural dome and 

secured to the skin. Hemostasis, airostasis and re-expansion of the upper lobe were checked. 

Thoracorrhaphy was performed in anatomical layers. Intraoperative hemorrhage was ap-

proximately 500 ml. 

Modified Bronchoplasty Technique for Pulmonary Resections. One of the important 

stages of pulmonary resections is the processing and suturing of the bronchial stump.  

The issue of bronchial stump dehiscence, following pulmonary resections, necessitates 

the search and development of new techniques for processing and securely closing the lu-

men. 

Between 2016 and 2019, patients who underwent pulmonary resections for lung cancer 

(n=68), where the Sweet technique for bronchoplasty was applied, exhibited a perioperative 

mortality of 2.94% and a postoperative mortality of 11.76%, with an incidence of bron-

chopleural fistula of 10.29% (7/68 patients). Among these 7 cases of bronchopleural fistulas, 

2 were primary and 5 were secondary (occurring more than 3 weeks postoperatively). The 

management of patients with bronchopleural fistula is complicated and complex, requiring 

prolonged maintenance of pleural drainage tubes, as well as the application of pleural cavity 

lavage with antiseptic solutions and sometimes systemic antibiotic therapy according to bac-

teriological results (the most commonly recorded cultures in such cases are from Pseudo-

monas aeruginosa). 

After achieving a "sterile" pleural cavity, secondary suturing of the bronchial stump 

was performed on 2 patients. Spontaneous closure of the bronchopleural fistula was rec-

orded in 1 patient who received the same management (systemic antibiotic therapy + pleural 

lavage). 

From 2019 until 2023, when data collection for the thesis was completed, the modified 

bronchoplasty technique described in detail below was applied. A total of 3 cases of bron-

chopleural fistula were recorded, all of which were secondary (occurring more than 3 weeks 

post-surgery). Two patients underwent reoperation for bronchoplasty. 

The specific technique developed for suturing and sealing the bronchial stump is as 

follows. The patient is intubated orotracheally and positioned appropriately (ventral, dorsal, 

or lateral decubitus, either right or left), depending on the type of surgical access planned. 

The bronchial stump is prepared and processed by clamping it distally. For suturing, a 

Covidien GM323 BIOSYN Suture, Taper Point, Undyed, 30", Needle V-20, 1/2 Circle, Size 

2-0, Violet suture thread was used. The first suture is applied 5 mm from the clamp, with 3-

4 knots made. One of the threads remains suspended, while the other continues suturing the 

bronchial stump. Gradually, with the help of a scalpel, the bronchial lumen is opened and 



secretions are aspirated with a suction device. The edges are periodically treated with a 

betadine solution.  

 

 

  

  
Figure 2. Continuous bronchial suture of own elaboration (schematic image and pho-

tograph of the leak test): A – application of the first suture; B – application of the first row of 

sutures; C – complete closure of the bronchial stump; D – demonstration of leak tightness en-

sured by the developed suture. 

 

Sutures are applied as a continuous transfixion in 3 steps, with the anchoring thread passing 



over the edge of the bronchial stump. The last suture of the first row is applied so that it does 

not exceed the thickness of the bronchial wall; the second row is applied at a distance of 6-

7 mm from the stump edge, with the needle passing through the midpoint of the distance 

between the previous suture points. Thus, by the return suture, an "X" is formed at the edge 

of the bronchial stump with each step (Figure 2). 

The duration of the suturing procedure is 5-15 minutes, depending on the type of re-

section and the complexity of the case. This method has been applied to 117 patients: among 

them, 41 pneumonectomies and 76 lobectomies—most of the patients operated on for lung 

cancer, benign lung tumors (fibroleiomyoma, n=1; bronchiectasis, n=6), with no cases of 

dehiscence recorded in the first 3 weeks after the intervention. 

The transpericardial approach (suturing and ligating) of the pulmonary vein. One 

of the challenging situations where meticulous processing of the pulmonary veins is neces-

sary, is when the approached pulmonary vein is very short or the tumor process involving 

the affected segment does not provide adequate oncological safety margins. The transperi-

cardial preparation of the pulmonary vein with ligation and suturing allows for the preven-

tion of a vascular accident. The method consists of the following: Depending on the ap-

proached pulmonary vein and its mobility, meticulous transpericardial preparation is per-

formed. After circular exposure, suturing is done by applying 2 transfixing sutures through 

the vein (its lumen being divided into 3 equal height planes), with a third circular suture 

around the vein, the threads being perpendicular to the vein and parallel to each other. The 

ligation of the threads is done with the formation of a bridge of a few mm when possible, 

followed by repeated circular ligation with knot application. For this method, Covidien 

VP523 – SUTURE, SURGIPRO-II, BLUE, 2/0, 36", V-20, 36/BX suture thread is used. 

The duration of the procedure is 7-20 minutes, depending on the type of resection and the 

complexity of the case. The implementation of this method has allowed for the creation of 

a safe venous vascular stump without incidents of dehiscence during the postoperative pe-

riod. In total, during the period from 2016 to 2024, this method was applied to 5 patients 

operated on for lung cancer. 

2.4. Anesthesia assistance and perioperative intensive therapy 

Surgical interventions were performed under general anesthesia with inhaled agents, 

with controlled artificial pulmonary ventilation (with non-selective orotracheal intubation). 

Induction (the hypnotic component) was performed with propofol solution, bolus – 10-15 

mg/kg, followed by a continuous infusion of 5-7 mg/kg/hour, adjusted according to the 

depth of anesthesia (FCC, TAS). The analgesic component was ensured through intravenous 

administration of fentanyl solution 0.03 mcg/kg at induction, followed by a continuous 

maintenance infusion of 0.01-0.02 mcg/kg, adjusted based on the patient’s heart rate and 

blood pressure, along with a single dose of 30-50 mg of ketamine intravenously. The opioid 

relay for ensuring intraoperative analgesia consisted of administering 10 mg of morphine 

intravenously as a slow bolus. Surgical muscle relaxation was achieved through the admin-

istration of atracurium solution (0.8-1 mg/kg). The inhalational component was maintained 

with Sevoflurane, at a concentration of 1.0-1.3 MAC, adjusted according to the patient's 

heart rate and blood pressure. Postoperatively, patients were transferred for awakening and 

temporary support of vital functions in the Intensive Care Unit on artificial pulmonary ven-

tilation. After awakening and safe return to respiratory autonomy, patients were extubated 



and continued to breathe independently with additional O2 flow via facial mask. 

2.5. Technique for performing ultrasound-guided interfascial thoracic blocks 

The interfascial administration of local anesthetics in various volumes and concentra-

tions, with or without adjuvants, has only been practiced in the last 20 years due to advance-

ments in ultrasound technology, imaging algorithms, and the ability to finely visualize mus-

cle tissue, fascia, and nerves. 

Ultrasound-guided interfascial blocks at the thoracic level have been performed by the 

anesthesiologist as part of anesthesia and perioperative care, in accordance with standard-

ized professional techniques described (https://www.nysora.com/pectoralis-serratus-plane-

blocks/). Lidocaine 0.2% was used as the local anesthetic in a volume of 10-20 ml. The 

doses of local anesthetics in thoracic interfascial plane blocks: lidocaine or ropivacaine at a 

concentration of 0.2% (20 mg/ml). Volume: 0.2-0.4 ml/kg (extremes of 10-30 ml or 200-

600 mg of Lidocaine or Ropivacaine in total). Reported data in the literature regarding the 

volume and concentration of the local anesthetic administered are extremely varied. The 

block is performed after induction of anesthesia and intubation of the trachea, until the inci-

sion. 

2.6. Statistical Analysis of Data 

The calculation of the necessary number of patients was performed using G*Power 

software version 3.1.9.6 (Franz Faul, University of Kiel, Germany, 1992-2020). The pri-

mary outcome parameter of the study, based on which the necessary number of complete 

datasets available for analysis was calculated, is the 2-year survival rate of patients. Thus, 

the survival rate of patients with lung cancer who meet the enrollment criteria for the study 

(the "classical approach/unresectable" group, sourced from the Oncology Institute) was 

30%. The new proposed model for approaching these patients (the "innovative approach/ex-

tended operability criteria" group) aims to identify a 20% (0.2) difference in the 2-year sur-

vival rate, a difference considered clinically significant and one that entails reasonable ad-

ditional risks associated with the surgical intervention itself and the perioperative period. 

Thus, the following input parameters were selected from the G*Power software 

v.3.1.9.6: 

• Test type: Z (since it assesses the difference between two independent proportions); 

• One-tailed calculation (since only the increase in survival rate in p1 matters); 

• Proportion 1 (estimated 2-year survival rate in the innovative approach): 0.50 (50%); 

• Proportion 2 (observed 2-year survival rate in the traditional approach): 0.30 (30%); 

• Alpha error: 0.05 (5%); 

• Study power (1-beta error): 0.80 (80%); 

• Allocation ratio N2/N1 (innovative group vs. traditional group): 1:1. 

The calculated output parameters were: 

• Critical Z (i.e., reaching the threshold of statistical significance): 1.64; 

• Minimum sample size for group 1 (traditional approach): 74 patients (complete data 

sets); 

• Minimum sample size for group 2 (innovative approach): 74 patients (complete data 

sets); 

• Total sample size: 148 patients (complete data sets). 

https://www.nysora.com/pectoralis-serratus-plane-blocks/
https://www.nysora.com/pectoralis-serratus-plane-blocks/


The graphic representation of the study sample calculation is presented in Figure 3. 

 

 
Figure 3. The graphic representation of the required patient sample calculation to test 

the hypothesis that the innovative approach (extended operability criteria) can signifi-

cantly improve the 2-year survival rate of patients with lung cancer with certain charac-

teristics. 

Figure 3 presents a graph of the parameters used to calculate the study sample neces-

sary for testing or rejecting the main research hypothesis, based on the primary outcome 

parameter: whether the innovative approach developed for preoperative assessment and 

management during the perioperative period, the expansion of operability criteria, the ap-

plication of new therapeutic measures (e.g., intraoperative administration of antifibrinolyt-

ics, thoracic fascial plane blocks, prevention of incidental hypothermia, etc.), and the use of 

a new suturing technique significantly increases the 2-year survival rate and the duration of 

survival at 2 years, compared to patients with the same parameters who are treated tradition-

ally (without surgery). Based on the set parameters, the critical value of the "Z" indicator 

was obtained (z=1.64). Thus, all statistical calculations performed estimated, through the 

lens of this critical Z value, the probabilities (p) of confirming or rejecting the null hypoth-

esis. Based on the individual results of the evaluated parameters, trends, syntheses, and rea-

soning were drawn, which formed the basis for the final conclusions and practical recom-

mendations made accordingly. 

Figure 4 represents a graphical modeling of the study parameters based on the number 

of patients effectively enrolled in the research. The arrow indicates the number of 146 pa-

tients necessary to test the formulated hypothesis of the study (corresponding to the mini-

mum standard parameters: 80% study power, 5% alpha error, 20% beta error, a patient al-

location ratio of 1:1, and assumed survival proportions before the study began of 30% and 

50% at 2 years, respectively). The statistical results obtained from the analysis of the data 

directly collected in the study can be compared with Figure 4 to assess the validity of the 

formulated conclusions. 

In summarizing the chapter on materials, methods of research and statistical data anal-

ysis within the thesis, the research hypothesis was described, which was based on a critical 

analysis of recent scientific publications in the field. Subsequently, the study design and 

research methodology were developed. A detailed description of preoperative evaluation, 

identification and stratification of specific risks based on scores adapted to thoracic surgery 



was provided. For a more realistic presentation, the description of the surgical interventions 

performed was framed through specific clinical cases, encompassing all types of interven-

tions for bronchopulmonary cancer. The anesthesia protocol, the technique of ultrasound-

guided analgesic blocks of thoracic fascial planes and intraoperative and postoperative care 

were also described. 

 

 
Figure 4. Graphical representation of the relationship between the total number of 

enrolled patients and the study's power, based on the input parameters entered for calcu-

lation in G*Power v.3.1.9.6. The calculation is valid for the primary outcome parameter 

(2-year survival rate). 

Continuous data, arranged in two series with Gaussian distribution, were statistically 

compared using the two-tailed unpaired Student's t-test. The results were presented as mean 

and standard deviation or, where appropriate, as mean and 95% confidence interval of the 

mean (95% CI). 

Continuous data arranged in three or more series were analyzed using Welch ANOVA 

for unequal variances. Individual differences between data series were analyzed using Dun-

nett's T3 test. In cases of equal variances, ANOVA with Bartlett's correction was applied. 

Categorical data were analyzed using contingency tables. The statistical tests applied 

were Fisher's exact tests. Results were expressed as absolute (relative) values. For contin-

gency tables larger than 2×2 lines, the applied statistical test was χ2 for linear trends (Hantel-

Maenzel). 

Time durations (days, hours, minutes) were expressed through Kaplan-Meier curves, 

and the statistical tests applied for their comparison were Mantel-Cox (median comparison).  

Correlational analysis between continuous data was conducted using the (Pearson) r 

test. A (Pearson) r value ≥0.6 was considered a strong correlation; a (Pearson) r value 

≤0.3 was interpreted as no correlation, and a (Pearson) r between 0.3 and 0.6 was consid-

ered intermediate. 



Correlational analysis between categorical data was conducted using the (Spearman) r 

test. A (Spearman) r value ≥0.6 was considered a strong correlation; a (Spearman) r value 

≤0.3 was interpreted as no correlation, and a (Spearman) r between 0.3 and 0.6 was con-

sidered intermediate.  

The sensitivity and specificity of the predictive model for postoperative mortality were 

analyzed and expressed through ROC curves.  

The threshold for statistical significance was set at p<0.05. 

Thus, among the strengths of the research in the thesis are the prospective design of the 

surgical patient cohort, the sufficient number of enrolled patients corresponding to the sam-

ple size calculation, the similarity of patient characteristics in comparison groups and the 

statistical tests adapted to the type of data, the number of data series and the normal or non-

parametric distribution of the data, etc. 

Potential bias factors in the study include the origin of the reference cohort from retro-

spective records collected in a different medical institution than the prospective data, the 

heterogeneity of secondary outcome parameters and the difficulty of measuring patient sur-

vival duration with greater accuracy than monthly intervals. 

3. ANALYSIS OF THE RESULTS OF THE TRADITIONAL THERAPEUTIC 

APPROACHES IN PATIENTS WITH BRONCHOPULMONARY CANCER 

AND ADVANCED ANESTHETIC-SURGICAL RISK 

3.1. Clinical and Paraclinical Characteristics of Patients with Bronchopulmonary 

Cancer and Advanced Anesthetic-Surgical Risk 

This chapter characterizes patients with lung cancer treated according to traditional 

oncological therapeutic approaches (radiotherapy, chemotherapy, chemoradiotherapy, but 

without surgical intervention), thus representing the reference group for patients who have 

undergone surgical treatment. In this regard, necessary clinical cases were collected from 

the archive of the Oncology Institute between 2013 and 2020; this time period included the 

moment of registration, specialized treatment, and follow-up. The characterization of the 

collected group was carried out through the lens of the following paradigms (where para-

digms, according to philosopher Thomas Kuhn, are universally recognized scientific 

achievements that provide model problems and solutions for a community of practitioners 

for a period): central lung cancer vs. peripheral lung cancer, Charlson Comorbidity Index 

score, and disease stage. Within the paradigms, the following were compared using descrip-

tive statistics: symptomatology, comorbidities, diagnostic investigations performed, patho-

logical pulmonary conditions associated with the underlying disease and the morphopatho-

logical picture. 

Furthermore, the characteristics of the entire reference sample are presented, which 

will be stratified as necessary for comparisons across different subcategories. Thus, Table 2 

presents a comparison of the frequency of specific clinical signs in patients with central vs. 

peripheral lung cancer. 

The symptomatology of respiratory system involvement is usually nonspecific for var-

ious diseases, lung cancer being one of them. The vast majority of patients with lung cancer 

(about 8-9 out of 10) exhibited asthenia, dry cough, dyspnea and weight loss. Two-thirds 

reported chest pain and one in three experienced hemoptysis. Patients with central lung can-



cer did not show any difference in the spectrum or frequency of characteristic, but nonspe-

cific clinical signs compared to those with peripheral lung cancer. 
Table 2. Comparison of the frequency of characteristic clinical signs between patients with central 

vs. peripheral lung cancer in the retrospective cohort 

Clinical Signs 
Central Lung Cancer 

(n=145) 

Peripheral Lung Can-

cer (n=55) 
p 

Asthenia 126/145 (86,9%) 50/55 (90,9%) 0,6263 

Hemoptysis 53/145 (36,5%) 15/55 (27,2%) 0,2447 

Chest Pain 98/145 (67,5%) 38/55 (69,9%) 0,8671 

Cough 124/145 (85,5%) 49/55 (89,0%) 0,6451 

Weight Loss 121/145 (83,4%) 49/55 (89,0%) 0,3809 

Dyspnea 120/145 (83,45%) 43/55 (78,1%) 0,5408 

Note: Statistical test applied: Fisher's exact test 

 

The comorbidities of patients in the reference cohort were also compared in terms of 

their spectrum and frequency between patients with central versus peripheral lung cancer 

(see Table 3). 

Table 3. Comparative analysis of comorbidities in patients with central vs. peripheral lung cancer 

Comorbidities 
Central Lung Cancer 

(n=145) 

Peripheral Lung Cancer 

(n=55) 

p 

COPD  117/145 (80,6%) 45/55 (81,8%) >0,999 

HTA 67/145 (46,2%) 28/55 (50,9%) 0,6348 

Heart Failure 41/145 (28,2%) 19/55 (34,5%) 0,3929 

Diabetes Mellitus 2/145 (1,38%) 2/55 (3,64%) 0,3038 

Peripheral Vascular Disease 10/145 (6,9%) 5/55 (33,3%) 0,5616 

Liver Disease 6/139 (4,14%) 4/55 (7,27%) 0,4669 

Rheumatic Diseases 3/142 (2,07%) 3/52 (5,45%) 0,3492 

Gastric/Duodenal Ulcer 6/145 (4,14%) 1/55 (1,82%) 0,6761 

No Comorbidity 16/145 (11,0%) 6/55 (10,9%) >0,999 

Note: Statistical test applied: Fisher's exact test. 

The comorbidities of patients with lung cancer are generally typical of the general pop-

ulation, with a predominance of cardiovascular diseases (hypertension, peripheral vascular 

diseases, congestive heart failure), present in one in two patients. Chronic obstructive pul-

monary disease, likely secondary to a long history of smoking, is significantly above the 

average for the population's age, affecting 8 out of 10 patients. Statistical tests did not iden-

tify any differences between these two data sets. 

For primary diagnosis, diagnostic clarification and staging of the disease, patients un-

dergo a series of paraclinical investigations, the structure and volume of which are men-

tioned in the respective National Clinical Protocols. 

A significant portion of these investigations is part of High-Performance Services 

(HPS), for which there is a waiting list. Consequently, the time taken to establish a final 

diagnosis and stage the disease can be lengthy, which is detrimental to the patient when the 

illness is rapidly progressive (as is the case with broncho-pulmonary cancer). 

 



Table 4. Comparison of the types of paraclinical investigations conducted to establish and clarify 

the diagnosis of patients with central versus peripheral lung cancer 

Investigation 

Method 

Central Lung 

Cancer (n=145) 

Peripheral Lung 

Cancer (n=55) 

p 

Chest X-ray 143/145 (98,6%) 55/55 (100,0%) >0,999 

Computed Tomography 100/145 (68,9%) 39/55 (70,9%) 0,8643 

Bronchoscopy 71/145 (48,9%) 23/55 (41,8%) 0,4284 

ECG 32/145 (22,1%) 14/55 (25,45%) 0,7069 

Echocardiography 17/145 (11,7%) 10/55 (18,18%) 0,2507 

Spirometry 21/145 (14,4%) 9/55 (16,36%) 0,8248 

Magnetic Resonance 5/145 (3,4%) 0/55 (0,00%) 0,3254 

Abdominal Ultrasound 39/145 (26,9%) 16/55 (29,09%) 0,8594 

Duplex Ultrasound 1/144% (0,6%) 1/55 (1,8%) 0,4754 

Note: Statistical test applied: Fisher's exact test. 

Table 4 presents the volume and structure of the paraclinical investigations that patients 

benefited from, comparing cases of central versus peripheral cancer. Nine investigations are 

listed, of which four are high-performance. 

3.2.   Analysis of the results of traditional therapeutic approaches in patients with 

broncho-pulmonary cancer and advanced anesthetic-surgical risk 

Since lung cancer is a disease with a very low probability of cure, regardless of the 

stage at which it is diagnosed, treatments are primarily aimed at increasing life expectancy. 

Thus, two important parameters arise from this: life expectancy (in months lived) from the 

moment the diagnosis is established, and the proportion of survivors at specific time inter-

vals, usually set at 5 years.  

 
Figure 5. Individual values of survival duration for patients with lung cancer from 

the moment of diagnosis establishment 

 

The results of traditional therapeutic approaches in patients with lung cancer, forming 

the reference group, will be presented through the lens of various covariates—depending on 

the stage of the disease at the time of diagnosis, the Charlson comorbidity index, and the 



presence or absence of pulmonary pathological conditions associated with lung cancer and 

the treatments performed. From this, the proportion of survivors at specific time points can 

be easily calculated and compared with data from the literature. Figure 5 presents the indi-

vidual values of survival duration for patients in the entire reference group (n=200) after the 

establishment of the lung cancer diagnosis. 

Table 5 presents the survival time of patients with lung cancer based on the stage of 

the disease established at the time of diagnosis, disaggregated by categories of severity of 

the Charlson comorbidity index. 

 
Table 5. Survival Duration by disease stage and comorbidity burden, expressed by the Charlson 

comorbidity index (CCI) 

Parameter 

Duration from "Year of Diagnosis" to "Year of Death," years 

Stage I 

n=2/200 (1%) 
 Stage II 

n=10/200 (5%) 
Stage III 

n=51/200 (25,5%) 
Stage IV 

n=137/200 (68,5%) 

Charlson 0 points - - 0,8 (0,4 – 1,2) 0,9 (0,7 – 1,1) 
Charlson 1-2 points - 1,3 (0,6 – 2,1) 1,2 (0,9 – 1,5) 1,4 (1,1 – 1,6) 
Charlson 3-4 points 1,7 (-7,7 – 11,2) 2,5 (-0,2 – 5,2) 1,2 (0,8 – 1,5) 1,4 (1,2 – 1,6) 
Charlson 5≤ points - 1,5* 1,6 (0,8 – 2,3) 1,2 (0,8 – 1,5) 
Note: Data are expressed in years, with mean and 95% confidence interval (95%CI). Dashes indi-

cate the absence of patients with the given characteristics in the study group (specific stage versus 

CCI score); * – one patient in the cohort with the given characteristics. The "Stage IV" column 

(gray color) – patients ineligible for surgical treatment. Yellow frame – patients with lung cancer 

and increased anesthetic-surgical risk. 

 

Table 6. Survival duration by disease stage and treatment applied (radiotherapy, chemotherapy, 

isolated or combined) 

Treatments 

Duration from "Year of Diagnosis" to "Year of Death," years 

Stage I 

n=2/200 (1%) 
 Stage II 

n=10/200 (5%) 

Stage III 

n=51/200 

(25,5%) 

Stage IV 

n=137/200 

(68,5%) 
Radiotherapy 

(isolated) 
2,5* 2,0* - 2,0* 

Chemotherapy 

(isolated) 
- - 0,9 (0,6 – 1,2) 1,4 (1,1 – 1,6) 

Radio + Chemotherapy - - 1,6 (0,9 – 2,3) 2,2 (1,1 – 3,3) 

Note: Data are expressed in years, with mean and 95% confidence interval (95%CI). Dashes 

indicate the absence of patients with the given characteristics in the study group (specific 

stage vs. treatment); * – one patient in the cohort with the given characteristics. The "Stage 

IV" column (gray color) – patients ineligible for surgical treatment. 

 

It is also important to know the survival duration from the moment of lung cancer di-

agnosis based on the treatment applied—radiotherapy or chemotherapy. Similarly to Table 

6, the number of patients in the cohort diagnosed in stages I and II of the disease does not 



allow for descriptive statistics, with the results reflecting a clinical case. Apparently, chem-

otherapy and radiotherapy, when applied in isolation, have no impact on survival duration; 

however, the combination of these methods allows for an average increase in life expectancy 

of about 6-8 months. 

The short average survival durations from the moment of diagnosis (1.3-1.4 years) 

place pressure on fundamental research, in particular. In addition to radio- and chemother-

apy, the development of anti-tumor immunotherapy is seen as a new direction in the non-

surgical treatment of lung cancer. 

4. ANALYSIS OF PERIOPERATIVE RISKS IN PATIENTS WITH BRON-

CHOPULMONARY CANCER AND THE DEVELOPMENT OF PREVEN-

TIVE STRATEGIES TO ENSURE QUALITY AND SAFETY REQUIRE-

MENTS IN MEDICAL-SURGICAL ACTS 

4.1. General Characterization of Patients Surgically Treated for Bronchopulmonary 

Cancer 

Patients with bronchopulmonary cancer who undergo multidisciplinary preoperative 

evaluation are very likely (1 in 3 cases) to present with a pathological condition associated 

with the cancer. Of the remaining 37 patients (38.9%), eight pathological conditions were 

identified. Among those treated surgically, patients had between 1 and 7 concomitant con-

ditions, with the following distribution: 1 condition in 19/37 patients (51.4%), 2 conditions 

in 11/37 patients (29.7%), 3 conditions in 5/37 patients (13.5%), 4 conditions in 1/37 pa-

tients (2.7%), while no patients had 5 or 6 conditions, and 1/37 patients (2.7%) had 7 con-

current conditions.In conclusion, the vast majority of patients (35/37 – 94.6%) with patho-

logical conditions associated with lung cancer, who were evaluated for surgery, had between 

one and three conditions typically linked to stage IIIA of the disease. As cancer progresses 

toward terminal stages (requiring palliative care), the number of associated pathological 

conditions is expected to rise, including malnutrition, clinical symptoms, and cancer-related 

pain. 

There is a significant difference between the prospective group (surgically treated) and 

the reference group (retrospective, non-surgically treated) in the frequency of certain patho-

logical processes associated with bronchopulmonary cancer. Specifically, conditions like 

pneumofibrosis and endobronchitis were statistically less common in the surgical group 

compared to the non-surgical group, while pulmonary emphysema, pleural effusion, and, at 

the statistical margin, foci of pulmonary atelectasis were more frequently observed in the 

prospective (surgically treated) group than in the retrospective (non-surgically treated) 

group.These differences could be explained by specific inclusion/exclusion criteria applied 

to patients evaluated for surgical treatment, the bias introduced by small-cell lung cancer 

(which was present in the retrospective non-surgical group but excluded from the prospec-

tive surgical group), the effects of chemo-radiotherapy, and, possibly, the different clinical 

pathways of the patients. A general characterization of the prospective study group includes 

a presentation of the types of thoracic surgical interventions performed (Table 7). 

Approximately 43% of the patients underwent total pneumonectomy, with this proce-

dure occurring nearly twice as often on the left side (61%). The necessity for such extensive 

surgical intervention was primarily due to the advanced stages of the disease at diagnosis. 

 



Table 7. Thoracic surgical interventions performed on patients in the prospective group with an 

innovative approach 

Surgical interventions 
Total 

(n=95) 

Pneumonectomy 

Right side 

Left side 

Total 

o Of which, transpericardial  

 

16/41 (39%) 

25/41 (61%) 

41/95 (43%) 

5/41 (12%) 

Upper lobectomy  

Right side 

Left side 

▪ Total 

 

10/26 (38%) 

16/26 (62%) 

26/95 (27%) 

Middle lobectomy (right side only) 5/95 (5%) 

Lower lobectomy 

Right side 

Left side 

▪ Total 

 

10/14 (71%) 

4/14 (29%) 

14/95 (15%) 

Superior bilobectomy (upper and middle lobes), right side only 2/95 (2%) 

Inferior bilobectomy (lower and middle lobes), right side only 7/95 (7%) 

  

Additionally, superior lobectomies were more frequently performed on the left side, ac-

counting for 62% of all lobectomies. Overall, superior lobectomies were conducted in one 

out of every three patients.  

4.2. Functional Characteristics and Preoperative Biological Reserve of the Respira-

tory System 

The evaluation of the respiratory system’s condition before surgery varies across the 

literature. Many pulmonary function alterations are linked to an increased risk of postoper-

ative respiratory complications. However, relying solely on one parameter or test to deter-

mine an absolute contraindication for surgery is not justified. Generally, respiratory function 

tests should categorize patients into three groups: 1) those for whom surgery is contraindi-

cated due to unacceptably high postoperative mortality or morbidity; 2) those with manage-

able risks related to postoperative respiratory complications, where preventive measures can 

reduce these risks to an acceptable level; and 3) patients with uncertain or inconclusive re-

sults who require further investigation. 

In this study, we aim to predict the functional capacity of the remaining lung during 

the postoperative period based on preoperative functional parameters. 

The predicted postoperative value of FEV1, termed ppoFEV1 (1-L), can be calculated 

using the formulas: 

ppoFEV1 = FEV1 × (19 – S) / 19 (4.1) 

or 

ppoFEV1 = FEV1 × (1 - 5.3 × S) / 100 (4.2), 

where S represents the number of lung segments to be surgically removed. 



Subsequently, ppoFEV1 is expressed as a percentage of the normal FEV1 values for 

the patient: 

ppoFEV1 (%) = ppoFEV1 (L) × 100 / FEV1 (L).  

Figure 6 illustrates the actual preoperative forced expiratory volume in one second 

(FEV1) values alongside the predicted postoperative FEV1 (ppoFEV1), estimated based on 

the planned surgical volume, which ranges from segment resection to pneumonectomy. To 

highlight different interpretations of the results, the graphs are presented as paired individual 

values (A), group trends (B), and as percentages of the patient’s FEV1, with the patient’s 

value taken as 100%. 

In Figure 6 (A), there is a broad range of FEV1 values among patients who underwent 

surgical treatment. The normal reference values for FEV1 are between 3.5-4.5 L for men 

and 2.5-3.25 L for women, indicated by the horizontal black dotted line in the image. For 

results to be considered normal, individual FEV1 values should fall between 80% and 120% 

of these reference values, which are influenced by factors such as age, body mass, muscle 

strength, height, and sex. In this patient cohort, FEV1 values ranged from 0.87 L to 3.68 L, 

with a mean of 2.51±0.78 (95% CI: 2.24-2.77) L. Statistically significant differences were 

found between men and women, with values of 2.70±0.73 L for men and 2.0±0.70 L for 

women (t=2.57, p=0.0148). 

As shown in the figure, the absolute value of FEV1 indicates significant changes in the 

pulmonary function of the study patients, which are influenced by underlying diseases, 

pathological lung conditions associated with lung cancer, and comorbidities such as COPD 

and obesity. Only 20% of both women and men had FEV1 values within the physiological 

range. Furthermore, a conventional FEV1 threshold of 1.5 L serves as a critical cutoff, in-

dicating an exponentially increased risk of severe postoperative complications, as marked 

by the red dotted line in the image. From this perspective, 14% of all patients (one in six) 

had FEV1 values below this critical threshold. 

Given these low preoperative FEV1 values, further reduced by the underlying pathol-

ogy and patient comorbidities, the estimated postoperative FEV1 values (ppoFEV1) are ex-

pected to be even lower following surgery. In the studied patients, the very low ppoFEV1 

relative to FEV1 is primarily due to the advanced stages of the disease and the necessity for 

procedures such as pneumonectomies and bilobectomies. Additionally, an even greater 

number of patients fall below the 1.5 L threshold (as shown in Figures 6 A and B).  

In the studied patient group, the estimated postoperative forced expiratory volume in 

one second (ppoFEV1) was 1.28±0.58 L (95% CI 1.09 – 1.48), which is significantly lower 

than the preoperative FEV1 values (p≤0.0001). About 70% of the patients had a ppoFEV1 

below 1.5 L, indicating that most were at increased risk for anesthesia and surgery. The 

percentage of ppoFEV1 relative to preoperative FEV1 (set at 100%) shows a significant 

reduction in lung capacity (see Figure 6). Among these patients, 59% had a ppoFEV1 below 

50% of their preoperative values, distinguishing those who underwent pneumonectomy (PE) 

from those who had lobectomy (LE). 
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Figure 6. Shows the actual forced expiratory volume in one second (FEV1) and the estimated 

postoperative FEV1 (ppoFEV1) following pulmonary resection. The data is presented in three for-

mats: (A) individual paired values; (B) group trends; and (C) relative values expressed as a per-

centage of FEV1, with the individual patient’s value set as 100%. 

Note: B = men; F = women; LE = lobectomy; PE = pneumonectomy. The red dotted line indicates 

the FEV1 threshold of 1.5 liters, which is reported in the literature to be associated with a high risk of 

postoperative mortality. The black dotted line represents a 50% reduction in forced expiratory volume in 

one second. 

 

Another key spirometry measure is forced vital capacity (FVC), which indicates the 

maximum volume of air a patient can forcibly exhale after taking a deep breath. Normal 

values are 4.75 to 5.5 L for men and 3.25 to 3.75 L for women. This measure helps differ-

entiate between restrictive and obstructive lung diseases. 

Figure 7 shows the individual FVC values and their frequency distribution in the pa-

tient group. The average FVC was 3.1±0.88 L (95% CI: 2.79 – 3.38 L). Additionally, a 

significant number of patients (10% of women and 19% of men) had FVC values below the 

normal reference range. 
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Figure 7 Illustrates the individual values of forced vital capacity (FVC) among the study pa-

tients (A), alongside a histogram that shows the distribution of these values, indicating the reference 

ranges for men (B) and women (F). 

Many published studies have struggled to demonstrate the effectiveness of spirometry 

parameters alone in predicting postoperative complications or mortality following thoracot-

omy. Methodological limitations, such as small sample sizes, retrospective designs, and se-

lective outcome measures, have impacted these findings. Furthermore, definitive cutoff val-

ues for spirometry metrics, especially FEV1, that could clearly separate risks of complica-

tions and mortality are still lacking.Spirometry tests have only accurately identified about 

one-third of patients who subsequently experienced postoperative complications, including 

atrial fibrillation, acute congestive heart failure, and pneumonia. Notably, a significant pro-

portion of patients with abnormal spirometry results still achieved satisfactory postoperative 

outcomes. Therefore, it is prudent not to contraindicate surgical treatment for lung cancer 

based solely on spirometry results, as this could lead to a higher risk of mortality from met-

astatic disease.  

4.3. Cardiovascular risk in bronchopulmonary cancer patients in the perioperative 

period 

Postoperative cardiac complications are the second leading cause of morbidity and 

mortality in patients undergoing thoracic surgery. Conditions such as coronary artery dis-

ease, congestive heart failure, atherosclerosis, and arrhythmias are commonly found among 

smokers and are often associated with pulmonary comorbidities, particularly chronic ob-

structive pulmonary disease (COPD).To assess preoperative cardiovascular risk and stratify 

postoperative risk, patients underwent a comprehensive clinical examination, including the 

collection of medical history. Following this, they received electrocardiography and echo-

cardiography evaluations. The results of these assessments (normal vs. abnormal) for pa-

tients who underwent surgical treatment for lung cancer are presented in Table 8.  

 

 

 
Table 8. Hemodynamic, Clinical, and Echocardiographic Indicators Recorded in Patients 

with Bronchopulmonary Cancer from the Prospective Study (Surgically Treated)  



Note: Reference values are according to the American Heart Association: MAP – mean arterial 

pressure; HR – heart rate; PASP – pulmonary artery systolic pressure; PH – pulmonary hypertension. LVEF 

– left ventricular ejection fraction. SpO2 – oxygen saturation of hemoglobin (in ambient air), measured by 

pulse oximetry. * – estimates obtained through Doppler echocardiography. ** – definition of PH according 

to AHA; *** – definition according to PCN-395 “Supraventricular Tachycardias” (2021). The systolic 

blood pressure (SBP) and diastolic blood pressure (DBP) values should be interpreted together within their 

respective categories. MAP = (SBP + 2 × DBP) / 3. According to:  www.hearth.org/bplevels.   

4.4. Common Laboratory Parameters in Preoperative Evaluation of Patients with 

Bronchopulmonary Cancer 

Some of the most common laboratory parameters, such as the complete blood count 

and standard blood biochemistry, provide important insights into the patient’s current health 

Parameter Normal Values* 
Data presen-

tation  

Recorded 

Values 
Abnormal results 

PAS, mmHg 

hypotension: ≤90 

normal ≤120 

elevated: 120-129 

Hypertension st. 1: 

130-139 

Hypertension st. 2: 

140≤ 

Hypertensive cri-

sis: 180≤ 

▪ M ± SD 

▪ Min; Max 

▪ 95% CI 

128,9 ± 12,4 

100; 190 

126,4 – 131,4 

64/95 (67,4%) – supranormal, 

of which: 

▪ elevated: 37/95 (39%) 

▪ Hypertension st.1: 22/95 (23%) 

▪ Hypertension st.2: 4/95 (4,2%) 

▪ Hypertensive crisis: 1 (1,1%) 

PAD, mmHg 

normal: ≤80 

elevated: 80≤ 

Hypertension st. 1: 

80-89 

Hypertension st. 2: 

90-100 

Hypertensive cri-

sis: 100≤ 

▪ M ± SD 

▪ Min; Max 

▪ 95% CI 

82,3 ± 7,1 

60;  110 

80,9 – 83,7 

29/95 (44,6%) – supranormal, 

of which: 

▪ Hypertension  st.1: 26/95 (27%) 

▪ Hypertension  st.2: 2/95 (2,1%) 

▪ Hypertensive crisis: 1/95 (1,1%) 

MAP, mmHg 
73-93 

critical: 65 

▪ M ± SD 

▪ Min; Max 

▪ 95% CI 

97,8 ± 8,6 

73; 137 

96,1 – 99,6 

supranormal: 

63/95 (66,3%) 

HR, bpm 
60-100* 

60-90*** 

▪ M ± SD 

▪ Min; Max 

▪ 95% CI 

81,4 

56; 120 

79,4 – 83,4 

7/95 (7,4%) – tachycardia*** 

3/95 (3,2%) – tachycardia* 

SpO2, % 95%≤ 

▪ M ± SD 

▪ Min; Max 

▪ 95% CI 

97,5 ± 1,3 

92; 99 

97,1 – 97,8 

1/95 (1,1%) – moderately re-

duced (92%) 

LVEF*, % 

normal: 50-70 

lightly reduced: 

41-49 

redused: ≤40 

critical: ≤30  

▪ M ± SD 

▪ Min; Max 

▪ 95% CI 

56,0 ± 6,2 

32; 70 

54,1 – 57,9 

1/95 (1,1%) – lightly reduced  

(41 mm Hg). 

PASP*, 

mmHg 

normal: ≤20 

HP: 25≤** 

Severe PH: 35≤** 

critical: 70≤ 

▪ M ± SD 

▪ Min; Max 

▪ 95% CI 

25,2 ± 6,5 

12; 46 

23,0 – 27,4 

22/95 (23,2%) – PH 

2/95 (2,1%) –severe PH 

5/95 (5,3%) – borderline* 

http://www.hearth.org/bplevels


status and serve as indicators for medium- and long-term prognosis.In the preoperative eval-

uation, one in five patients showed signs of anemia, while 4% had hemoconcentration. Leu-

kocytosis was observed in one out of every four patients, whereas leukopenia was rarely 

encountered and had minimal clinical significance. A key finding was that patients with 

leukocytosis had significantly shorter survival times compared to those without it.In our 

patient series, no differences were identified in postoperative mortality, median survival du-

ration, or the two-year survival rate when comparing patients with and without leukocytosis 

(χ2=0.65; p=0.4209). The most plausible explanation for this lack of difference is the high 

proportion of patients diagnosed with advanced-stage bronchopulmonary cancer, which is 

associated with a markedly reduced life expectancy. 

Hemostatic disorders in oncology patients have been recognized for over 100 years. 

These disorders are common among cancer patients and can range from hypo- to hyperco-

agulable states, leading to thrombotic complications. Depending on the coagulation param-

eter assessed, abnormal values have been found in 10% to 33% of patients, encompassing 

both hypo- and hypercoagulable conditions; however, not all of these abnormalities hold 

clinical significance. 

The last relevant indicators in the preoperative evaluation of cancer patients are labor-

atory results that do not directly contraindicate surgery but help establish prognosis. These 

indicators include:Hemoglobin Level: Anemia can often be corrected before surgery, but it 

is linked to poorer long-term outcomes. Leukocyte Count: High white blood cell counts 

(leukocytosis), when not due to a bacterial infection, can indicate a reserved prognosis. Fi-

brinogen Level: Levels above 4-5 g/L suggest a cautious outlook, while levels of 7 g/L or 

higher indicate a significant risk of thromboembolic complications. Blood Glucose: High 

glucose levels, especially those not related to diabetes, can indicate aggressive tumor activ-

ity (known as the Warburg effect). 

These parameters, organized in a decision-making framework, can assist thoracic sur-

geons and patients in making informed choices about whether to proceed with surgical treat-

ment for lung cancer. 

 

5. EVALUATION OF THE EFFECTS OF ULTRASOUND-GUIDED FASCIAL 

PLANE BLOCKS AND INTRAOPERATIVE ADMINISTRATION OF 

TRANEXAMIC ACID ON BIOLOGICAL PARAMETERS AND POSTOP-

ERATIVE OUTCOMES IN PATIENTS WITH BRONCHOPULMONARY 

CANCER  

5.1. Description of the intraoperative and postoperative effects of ultrasound-guided 

interfascial plane blocks in the surgical approach to bronchopulmonary cancer 

within the ERAS framework.  

Ultrasound-guided interfascial blocks represent a regional anesthesia technique that 

can be used in oncological pulmonary surgery to ensure intraoperative and postoperative 

pain management. Different types of blocks (serratus anterior, PECS 1, PECS 2) provide 

analgesia for the thoracic wall and adjacent structures. 

One of the main benefits of ultrasound-guided interfascial blocks is the improvement 

of postoperative pain. By providing prolonged analgesia to the thoracic wall and surround-

ing structures, the block can significantly reduce the intensity of postoperative pain. This 



can enhance patient comfort, facilitate early mobilization, and decrease the need for sys-

temic opioids in the postoperative period. Patients who benefit from effective regional an-

esthesia techniques often require lower doses of systemic opioids for managing postopera-

tive pain. This can help minimize opioid-related side effects, such as respiratory depression, 

sedation, constipation, and nausea, thereby improving recovery and overall patient satisfac-

tion. 

Another described benefit of ultrasound-guided fascial plane blocks is the faster recov-

ery and mobilization of the patient, which is a positive outcome of more effective pain con-

trol.  

5.2. Description of the effects of intraoperative administration of tranexamic acid on 

intraoperative and postoperative bleeding, as well as other relevant parameters. 

Tranexamic acid (TXA) is a synthetic derivative of the amino acid lysine that exerts its 

effect by competitively inhibiting the activation of plasminogen to plasmin, which ulti-

mately inhibits fibrinolysis. In the context of surgery, including thoracic surgery for lung 

cancer, TXA has been studied for its potential to reduce intraoperative and postoperative 

bleeding, as well as other relevant parameters. 

Although the reduction of intraoperative and postoperative hemorrhage volume has 

been demonstrated in numerous studies on other types of surgeries, the study conducted 

found no statistically significant differences between patients who received intraoperative 

TXA and those who did not.  

6. ANALYSIS OF RESULTS AFTER SURGICAL TREATMENT OF PA-

TIENTS WITH BRONCHOPULMONARY CANCER AND ADVANCED AN-

ESTHETIC-SURGICAL RISK THROUGH PRISMA OF DURATION PA-

RAMETERS AND DIFFERENT COVARIATES.  

6.1. Analysis of general time-related outcomes after surgical treatment of patients with 

bronchopulmonary cancer and advanced anesthetic-surgical risk.  

The recording and analysis of time-related parameters in processes or conditions are 

important indicators that serve two main purposes: they help optimize the performance of 

hospitals and their functional units, while also indirectly reflecting the severity of the treated 

cases and the necessary allocation of human, material, and financial resources. These pa-

rameters correlate, to varying degrees, but in a statistically significant manner, with the mor-

tality rate observed at various time points (e.g., traditionally at 30, 60, and 90 days, 6 months, 

and annually). Specifically, in the context of perioperative medicine, three key parameters 

are crucial: 1) length of hospital stay, defined as the duration from the date and time of 

discharge to the date and time of admission, usually expressed in days; 2) duration of stay 

in the intensive care unit (ICU), calculated as the time from the date and time of transfer to 

the ward minus the date and time of admission to the ICU, typically expressed in hours; and 

3) duration of mechanical ventilation, which is the time from the date and time of extubation 

minus the date and time of intubation, usually expressed in minutes.  

Figure 8 presents the lengths of hospital stay, expressed through Kaplan-Meier curves, 

for patients with lung cancer and advanced anesthetic-surgical risk who died after surgery, 

compared to those who survived.  
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Figure 8. Kaplan-Meier curves of hospital stays for patients who were discharged versus 

those who died. 

The Mantel-Cox analysis of hospital stays found equal median lengths of stay (12 days 

vs. 12 days, χ²=1.22; p=0.2688) among deceased versus surviving patients.  
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Figure 9. Kaplan-Meier curves of postoperative intensive care unit stay durations for patients 

who were discharged versus those who died. 

The durations of stay in the intensive care unit (Figure 9) for patients who died after 

surgery, compared to those who survived, were not statistically significantly different 

(χ²=2.94; p=0.0865), although the medians appeared to be different (63 hours vs. 22 hours). 

It is likely that enrolling a larger number of patients in the study to specifically test this 

hypothesis would reach the threshold of statistical significance. For this reason, it can be 

suggested that patients who died tended to have a longer stay in the intensive care unit. 

In contrast, the durations of mechanical ventilation were significantly different 

between postoperative patients who died and those who survived (1160 hours versus 240 

hours, χ²=17.73; p=0.0001) (Figure 10). The inability to return to respiratory independence, 

followed by successful weaning from the ventilator and effective spontaneous breathing, 

was observed in patients who died. These patients required ventilation nearly five times 

longer than those who survived postoperatively.  
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Figure 10. Kaplan-Meier curves of postoperative continuous mechanical ventilation durati-

ons for patients who were discharged versus those who died.  

6.2. Analysis of time-related parameters after surgical treatment of patients with 

bronchopulmonary cancer and advanced anesthetic-surgical risk through the lens 

of severity scores. 

To identify which specific characteristics were associated with negative outcomes (in 

this context—death after surgery or delayed return to homeostasis), the series of deceased 

patients was compared with the series of surviving patients using the Th-RCRI, MET, and 

Charlson severity scores. These scores are complex and are calculated based on several uni-

que indicators. 

Table 9 provides an ergonomic overview of the role of each score (specifically, its 

distinguishing value used in this study) in identifying clinically, logistically, or medico-eco-

nomically significant differences among patients with lung cancer at various stages of pro-

gression and with different comorbidities. It highlights the ability to detect differences in 

intensive care unit stay durations and mechanical ventilation durations based on the Th-

RCRI score (Class A vs. Class B) for both deceased and surviving patients. The CCI score 

was the only one that reached statistical significance in differentiating hospital stay durati-

ons.  

The MET and ASA scores were unable to distinguish any of the tested durations, and 

therefore, they cannot be considered useful for predicting longer or shorter lengths of hos-

pital stay, intensive care unit admission, or postoperative mechanical ventilation in patients 

with lung cancer and increased anesthetic-surgical risk. 
Table 9. Comparative summary table of results based on their statistical significance, accor-

ding to the tested severity score and differentiation between survivors and deceased after surgery.  

Score (x vs. y) 
Tested Durati-

ons 
Difference survivor vs. deceased 

Pstoperative outcome 

▪ survivor 

▪ deceased 

LOS  p=0,2688 

ICU  p=0,0865 

VAP  p=0,0001 

Th-RCRI LOS  p=0,6774 



▪ class A 

▪ class B 

ICU  p=0,0025 

VAP  p=0,0001 

MET 

▪ MET 4-6 

▪ MET 7-10 

LOS  p=0,7041 

ICU  p=0,3688 

VAP  p=0,9551 

CCI 

▪ CCI 0-4 

▪ CCI 5-12 

LOS  p=0,0536 

ICU  p=0,6573 

VAP  p=0,4293 

ASA 

▪ ASA II 

▪ ASA III 

LOS  p=0,8815 

ICU  p=0,3112 

VAP  p=0,0930 

Note: Th-RCRI – revised cardiac risk score, adapted for thoracic surgery; MET – metabolic equi-

valent of task; CCI – Charlson comorbidity index; ASA – American Society of Anesthesiologists score; 

LOS – length of hospital stay; ICU – intensive care unit; VAP – mechanical ventilation.Color coding: Red 

– statistically significant (p<0.05); Yellow – borderline statistical significance (p=0.05-0.10); Green – sta-

tistically insignificant (p=0.1-1.0).  

 

7. ANALYSIS OF POSTOPERATIVE RESULTS AND ARGUMENTATION OF 

EXTENDED OPERABILITY CRITERIA IN PATIENTS WITH BRON-

CHOPULMONARY CANCER AND ADVANCED ANESTHETIC-SURGI-

CAL RISK  

7.1. Analysis of postoperative outcomes in relation to preoperative pulmonary func-

tion and residual postoperative lung function.  

The analysis of postoperative outcomes concerning pulmonary function involved com-

paring data from patients who were discharged from the hospital after surgery with data 

from those who died postoperatively. This approach allows for a more precise assessment 

of the criteria determining patient operability. 

7.2.  Analysis of Postoperative Outcomes in Terms of Cardiovascular Risk in Patients 

with Bronchopulmonary Cancer and Advanced Anesthetic-Surgical Risk  

Cardiovascular comorbidities present a specific risk profile during the perioperative 

period for patients undergoing surgical treatment. In this study, these comorbidities were 

evaluated in a prospective cohort of patients concerning postoperative mortality. Among the 

95 lung cancer patients, 21 (22.1%) had heart failure. Of these, 2 out of 11 patients (18.2%) 

died postoperatively, representing a mortality rate that was 6.6% higher than the overall 

mortality rate of 11.6%. However, this difference was not statistically significant (χ2=0.11; 

p=0.7387). 

Preoperative arrhythmias (all types combined) were found in 6 out of 95 patients 

(6.3%), with 1 out of these 6 patients (16.7%) dying postoperatively (χ2=0.16; p=0.6874). 

The presence of arrhythmias did not significantly influence postoperative mortality. 

However, additional focused studies are necessary to assess the role of atrial fibrillation in 

postoperative mortality. Our calculations indicated a relative risk (RR) of 1.48 (odds ratio 



[OR] = 1.58) in this context, though this did not reach statistical significance, likely due to 

the small sample size.Furthermore, investigating the role of chronic atrial fibrillation in the 

incidence of various cancer types, including lung cancer, could be an interesting research 

direction. This is particularly important given that atrial fibrillation is often associated with 

chronic heart failure. 

Preoperative pulmonary hypertension serves as a significant prognostic factor for 

postoperative outcomes. In this study, patients with a pulmonary artery pressure of 30 

mmHg or higher experienced a markedly increased risk of mortality, with a death rate of 

approximately 50%. This condition was associated with a relative risk (RR) of 6.8 and an 

odds ratio (OR) of 15.4 (χ2=12.1; p=0.0005).  

7.3. Analysis of Differences in Laboratory Parameter Values Between Lung Cancer 

Patients Who Died and Those Who Survived After Surgical Treatment 

In oncologic thoracic surgery, specific laboratory parameters—such as blood glucose, 

hemoglobin, fibrinogen, and leukocytes—can act as prognostic biomarkers when they ex-

ceed certain thresholds. These markers may help predict complications, postoperative mor-

tality, or reduced life expectancy in the medium to long term. This analysis evaluates various 

laboratory parameters in this context (see Tables 10, 11, 12). 
Table 10. Comparison of Hematological Parameters in Surviving Patients Versus Deceased 

Patients After Surgical Intervention 

Parameter 
Discharged 

(n=84) 

Deceased 

(n=11) 
t p 

Hemoglobin, g/L 133,6 (129,7 – 137,6) 128,8 (113,1 – 144,6) 0,7929 0,4299 

Erythrocytes, T/L 4,4 (4,3 – 4,5) 4,4 (3,9 – 4,8) 0,1475 0,8830 

Hematocrit, % 38,9 (37,3 – 40,5) 37,0 (28,3 – 45,7) 0,7497 0,4554 

Platelets, G/L 293,4 (232,7 – 354,0) 321,8 (212,7 – 430,8) 0,3331 0,7398 

Leukocytes, ×109 /L 12,5 (6,2 – 18,9) 10,6 (7,0 – 14,2) 0,1970 0,8442 

Note: Statistical test applied – Unpaired two-tailed t-Student test. 

 

At first glance, the hematological indicators in patients who died postoperatively, com-

pared to those who survived, do not show statistically significant or clinically important 

differences (see Table 10). However, when viewed in terms of threshold values, the infor-

mational content changes substantially. The calculation of postoperative mortality risk ba-

sed on different leukocyte threshold values yielded the following results: 

- Risk of death for leukocyte count above 11,000: OR = 1.7; RR = 1.6; χ2 = 0.65; p = 0.4209. 

- Risk of death for leukocyte count above 12,000: OR = 2.0; RR = 1.8; χ2 = 1.0; p = 0.3169. 

- Risk of death for leukocyte count above 15,000: OR = 2.6; RR = 3.1; χ2 = 2.4; p = 0.1201. 

In deceased patients, fibrinogen levels were significantly elevated from a clinical 

standpoint, approaching statistical significance given the number of patients enrolled in the 

study (see Table 11). 

The risk of postoperative mortality for patients with preoperative fibrinogen levels ex-

ceeding 4.5 g/L was found to have a relative risk (RR) of 2.14 (odds ratio [OR] = 2.43); χ2 

= 1.75; p = 0.1853. This indicates that elevated fibrinogen is an independent risk factor for 

postoperative mortality in patients with lung cancer, particularly those in stage IIIA. Further-



more, the significance of increased fibrinogen levels extends beyond the immediate posto-

perative period, suggesting a reduced life expectancy for lung cancer patients compared to 

those with fibrinogen levels within normal limits. 
Table 11. Comparison of Hemostatic Parameters in Surviving Patients Versus Deceased Pati-

ents After Surgical Intervention 

Parameter 
Discharged 

(n=84) 

Deceased 

(n=11) 
t p 

INR 2,34 (0,05 – 4,6) 1,15 (1,0 – 1,2) 0,3647 0,7162 

aPTT, sec 34,0 (27,0-41,1) 29,9 (23,4 – 36,3) 0,4198 0,6758 

Fibrinogen, g/L 4,5 (3,67 – 5,34) 7,35 (0,8 −13,8) 1,854 0,0673 

Intraoperative Hemor-

rhage,mL 
418,6 (320,7 – 516,5) 931,8 (439,0 – 1425) 3,332 0,0013 

Postoperative Dtainage in 24 

Hours, mL 
352,1 ( 265,4 – 438,9) 600,0 (179,8 – 1020) 1,851 0,0679 

Note: Statistical test applied – Unpaired two-tailed t-Student test. 

 

The following set of parameters examined relates to hydro-electrolytic balance and 

renal function, both of which are directly associated with postoperative mortality rates. Ta-

ble 12 compares the values of key parameters regarding hydro-electrolytic balance between 

the groups of patients who died and those who were discharged after surgical intervention. 
Table 12. Comparison of Fluid Balance Parameters in Surviving Patients Versus Deceased 

Patients After Surgery 

Parameter 
Discharged 

(n=84) 

Deceased 

(n=11) 
t p 

Urea, mmol/L 5,7 (5,2 – 6,2) 6,7 (4,0 – 9,3) 1,215 0,2276 

Creatinine, µmol/L 86,0 (78,3 – 93,8) 92,3 (37,6 – 147,0) 0,4552 0,6501 

Intraoperator Fluid Volume, mL 2738 (2480 – 2996) 2827 (2045 – 3609) 0,2338 0,8156 

Postoperative Fluid Volume, mL 2249 (2101 – 2397) 2387 (1725 – 3048) 0,5645 0,5739 

Intraoperative Urine Output, mL 343,4 (308,9 – 377,9) 386,4 (288,9 – 483,8) 0,8585 0,3929 

Postoperative Urine Output, mL 2105 (1931 – 2279) 1189 (593,9 – 1784) 3,316 0,0013 

Note: Statistical test applied – Unpaired two-tailed t-test. 

 

In this study, 10% of patients had elevated urea levels, with 3% classified as clinically 

significant. Among the 11 patients who died, 2 (18.2%) had urea levels above 9.0 mmol/L, 

while 5 out of 84 survivors (6.0%) also had elevated urea levels. However, this does not 

indicate a significant association with postoperative mortality (χ2=2.13; p=0.1443). In any 

case, further multicenter studies are needed to investigate the relationship between urea, 

blood urea nitrogen, albumin, and total protein with postoperative mortality and life expec-

tancy after surgical treatment, considering various covariates, in order to draw a definitive 

conclusion. 

In this study, 5 out of 84 survivors (6%) had a serum creatinine level below 60 µmol/L, 

while among the deceased patients, 4 out of 11 (36.4%) had similarly low levels (χ2=10.5; 

p=0.0012). This finding is one of the major conclusions of the research, as it was observed 



that a plasma creatinine level below 60 µmol/L is associated with a risk ratio (RR) of 6.11 

(odds ratio, OR=9.03) for postoperative death compared to patients with normal creatinine 

levels. 

The data indicate that perioperative fluid loading did not significantly differ between 

patients with bronchopulmonary cancer who died and those who survived after surgery (Ta-

ble 12). However, research suggests that a restrictive fluid repletion strategy is linked to 

improved survival rates after lung surgery in patients with acute (e.g., ARDS, pneumonia) 

or chronic (e.g., COPD) lung conditions. Consequently, it is advisable to maintain a mini-

mum fluid intake both during and after surgery, transitioning as early as possible from in-

travenous to oral fluids. 

In contrast, reduced urine output during the postoperative period was linked to increa-

sed mortality. Specifically, a urine volume of less than 1000 mL within the first 24 hours 

after surgery significantly raised the risk of death (RR=4.7; OR=7.5; χ2=7.2; p=0.0072). 

This finding underscores that even with comprehensive preoperative assessments and care-

ful risk stratification, certain risks can still materialize within a day after surgery, emphasi-

zing the importance of continuously refining predictive models. 

7.4. Analysis of Postoperative Outcomes in Patients with Bronchopulmonary Cancer 

and Advanced Anesthetic-Surgical Risk Based on Disease Stage and Charlson Co-

morbidity Index 

Since patient comorbidities play a critical role in determining operability after evalua-

ting tumor resectability criteria, it is important to examine postoperative outcomes using the 

Charlson Comorbidity Index (CCI). This index can be divided into two major clinical cate-

gories: 1. Comorbidities with minimal impact on overall health (CCI=0-4 points).2. Comor-

bidities with significant impact on overall health (CCI≥5 points). In this study, we focus on 

patients with a CCI of 5-12 points, which indicates severe comorbidities that can affect sur-

gical outcomes. Table 13 provides a comparative analysis of postoperative results based on 

disease stage, Charlson score, Th-RCRI score, and MET. 
Table 13. Comparative Results Based on Disease Stage and Charlson Comorbidity Index ver-

sus Age, Gender, MET, and Th-RCRI Class 

Comparison Parameters 

Stage I-II 

CCI 0-4 p. 

(n=38) 

Stage I-II 

CCI 5≤ p. 

(n=17) 

Stage IIIA 

CCI 0-4 p. 

(n=22) 

Stage IIIA 

CCI 5≤ p. 

(n=17) 

p 

Age, years 
57,0  

(52,0 – 62,0) 

62,7  

(59,7 – 65,6) 

58,7  

(54,2 – 63,2) 

61,6  

(56,6 – 66,7) 
0,0001 

Gender distribution 
B: 15 (39,5%) 

F: 23 (60,5%) 

B: 13 (76,5%) 

F: 5 (23,5%) 

B: 18 (81,8%) 

F: 4 (18,2%) 

B: 12 (70,6%) 

F: 5 (29,4%) 
0,0045 

Metabolic Equivalent 

▪ MET 4-6 

▪ MET 7-10 

21 (55,2%) 

17 (44,8%) 

14 (82,4%) 

3 (17,6%) 

20 (90,9%) 

2 (9,1%) 

12 (70,6%) 

5 (29,4%) 
0,0192 

Th RCRI Score 

▪ class A 

▪ class B 

22 (57,9%) 

16 (42,1%) 

17 (100,0%) 

0 (0,0%) 

0 (0,0%) 

22 (100,0%) 

17 (100,0%) 

0 (0,0%) 
0,0001 

Note: Statistical test applied – Mantel-Haenszel for linear trends. 



The survival duration (in months) from the time of diagnosis was compared between 

two groups: a prospective cohort treated surgically using an innovative approach and a re-

trospective cohort treated with a traditional method. The results are as follows: 

- Patients with lung cancer in stages I-II and CCI 0-4 points: 34.1 ± 7.2 months (inno-

vative approach) vs. 26.0 ± 17.4 months (traditional method), p = 0.0256. 

- Patients with lung cancer in stages I-II and CCI over 5 points: 33.9 ± 10.1 months 

(innovative approach) vs. 26 months (one case, traditional method). 

- Patients with lung cancer in stage IIIA and CCI 0-4 points: 21.0 ± 4.3 months (inno-

vative approach) vs. 15.9 ± 8.9 months (traditional method), p = 0.0235. 

- Patients with lung cancer in stage IIIA and CCI over 5 points: 17.0 ± 6.4 months 

(innovative approach) vs. 16.2 ± 6.1 months (traditional method), p = 0.8583.  

As a result, surgical treatment performed with an innovative multimodal perioperative 

approach significantly enhances the survival duration of patients compared to those who did 

not undergo surgery, specifically in stages I-IIIA and with a Charlson Comorbidity Index 

ranging from 0 to 12 points. However, this advantage does not extend to patients with stage 

IIIA and a Charlson Comorbidity Index of 5 to 12 points. 

GENERAL CONCLUSIONS 

1. In recent decades, the morbidity of bronchopulmonary cancer has increased signifi-

cantly and has become younger, with 16.6% of cases occurring in individuals under 

50 years of age. Mortality rates remain consistently high, ranking first among all can-

cer types. In the age group of 30-34 years, the incidence has increased fivefold (from 

0.8 to 4.6 cases per 100,000 population); in the 35-39 age group, it has tripled (from 

4.4 to 12.5 per 100,000); and in the 40-44 age group, it has doubled. Contributing 

factors include not only smoking but also environmental pollution, radon exposure, 

and asbestos particles. A staggering 75-94% of patients are diagnosed at advanced 

stages (stage IIIA or later), and the five-year survival rate at this point is extremely 

low (3-10%). For various reasons, 45-75% of patients receive no treatment for bron-

chopulmonary cancer, and only 3-15% undergo surgical intervention. 

2. Data from our own research on the retrospective cohort (n=200), which employed a 

traditional therapeutic approach (81.5% men, average age 67.2±8.8 years, with 94% 

diagnosed at stage III), show that only 17% of patients would have qualified for sur-

gical treatment based on the current operability criteria. Over 80% of these patients 

exhibited typical clinical symptoms of bronchopulmonary cancer, including asthenia, 

hemoptysis, dry cough, and chest pain. Additionally, 57% had associated pulmonary 

conditions, such as pleurisy, atelectasis, and endobronchitis. Approximately 90% of 

the patients had comorbidities, with 25.5% experiencing a moderate impact on their 

overall health and 16.0% suffering from severe comorbidities. Patients with untreated 

natural progression of the cancer (58.5%), as well as those treated with radiotherapy 

(10%), chemotherapy (31.5%), or a combination of these therapies, but without sur-

gical intervention, had a two-year survival rate ranging from 35.0% to 42.9%. Their 

median survival was between 12.0 and 17.6 months, depending on the disease stage 

at the time of diagnosis. 

3. The analysis of the prospective cohort (n=95), who underwent surgical treatment ba-

sed on the proposed innovative approach, showed that 74.7% were men with an ave-



rage age of 59.5±10.9 years, and 41% were diagnosed at stage III. Among these pati-

ents, 95% exhibited characteristic clinical symptoms of lung cancer, while 48.9% had 

associated pulmonary conditions. Additionally, comorbidities were identified in 

65.3% of patients, with 9.2% having a moderate impact on their overall health and 

36.7% experiencing severe comorbidities. 

4. A comprehensive analysis of over 200 unique parameters identified several factors 

associated with an increased risk for surgical treatment of lung cancer. Based on this 

analysis, specific criteria for inoperability in lung cancer (stages I, II, IIIA) were es-

tablished. These criteria include a forced expiratory volume in one second (FEV1) of 

less than or equal to 1.7 L, a predicted postoperative FEV1 (ppoFEV1) of less than or 

equal to 1.4 L for patients classified as class B in the Th-RCRI score, and a ppoFEV1 

of less than or equal to 1.0 L for those classified as class A. Additionally, a pulmonary 

artery pressure (PAP) greater than 30 mmHg in stage IIIA lung cancer indicates ino-

perability, as does being in stage IIIA with a Charlson Comorbidity Index (CCI) score 

of 5 or lower.The analysis also highlighted certain preoperative biochemical markers 

that are linked to a significantly reduced postoperative life expectancy. These markers 

include fibrinogen levels greater than 4.5 g/L and leukocytosis exceeding 11 G/L. 

Furthermore, several negative prognostic factors were identified during the postope-

rative period. These include diuresis of less than or equal to 1000 mL in the first 24 

hours, intraoperative blood loss exceeding 1000 mL, postoperative drainage bleeding 

over 500 mL in the first 24 hours, and readmission to the intensive care unit. Notably, 

patients who ultimately died had between 3 and 8 of these preoperative risk criteria 

present, underscoring the importance of thorough preoperative assessment in this pa-

tient population. 

5. In this study, ultrasound-guided interfascial thoracic blocks (PECS 1 and PECS 2, 

anterior serratus) did not significantly alter postoperative ventilatory and he-

modynamic parameters, nor did they affect the duration of hospitalization or the rate 

of postoperative complications when compared to patients who did not receive these 

blocks. However, a slight reduction in the total hospital stay was observed, decreasing 

from an average of 15.6 days (range: 13.0 – 18.25) to 12.9 days (range: 10.4 – 15.35) 

(t=1.388; p=0.1686).These results are inconsistent with findings in existing literature, 

which may be attributed to the use of lidocaine in a single injection, resulting in a 

short duration of action. This differs from the application of long-acting local anesthe-

tics, such as ropivacaine, which are administered over an extended period. The choice 

of anesthetic may have influenced the pharmacological effects that typically facilitate 

postoperative extubation. 

6. The study found that the intraoperative use of tranexamic acid to reduce postoperative 

fibrinolysis did not significantly affect hematological parameters, standard coagula-

tion tests, intra- and postoperative bleeding volumes, or duration-related metrics (such 

as hospital stay, intensive care unit admission, and mechanical ventilation). This dis-

crepancy with existing literature may be due to the non-randomized assignment of 

patients receiving tranexamic acid and the greater severity of their conditions compa-

red to those who did not receive the drug. 

7. The analysis identified three important duration-related parameters for treating lung 

cancer patients: total length of hospital stay (LOS), time spent in the intensive care 



unit (ICU), and duration of mechanical ventilation after surgery (VAP). These para-

meters showed significant differences in cases where patients died.For predicting in-

creases in these durations before surgery, the Th-RCRI score (class A vs. B) was 

useful for both ICU (p=0.0025) and VAP (p=0.0001). The Charlson Comorbidity In-

dex also correlated with LOS, especially at a score of 5 or more points (p=0.0536). 

However, basic spirometric tests (FEV1, ppoFEV1, FVC), hemodynamic measures, 

and lab tests did not show significant associations with these duration parameters. 

8. The most effective method for preoperatively assessing patient operability involved 

evaluating three key factors: the stage of the disease (ranging from I to IIIA), the 

Charlson Comorbidity Index (divided into two categories: 0-4 points and 5-12 points), 

and the Th-RCRI score (class A and B). This stratification successfully identified 

patients at increased risk of postoperative mortality and was significantly associated 

with several important outcomes, including the duration of mechanical ventilation 

(VAP) (p=0.0113), length of hospital stay (LOS) (p=0.0001), the likelihood of posto-

perative complications (p=0.0149), intraoperative blood loss (p=0.0169), and rates of 

postoperative mortality (p=0.0147 and p=0.0028), particularly when compared to pa-

tients in stages I-II and those with a Charlson Comorbidity Index of 0-4 points. 

9. The main finding of this research, along with the proposed innovative approach to 

surgical treatment and perioperative management, is that surgical intervention based 

on expanded operability criteria is feasible for patients in stage IIIA with a Charlson 

Comorbidity Index (CCI) of 0-4 points. This approach significantly increases survival 

duration—by up to 6 months (p=0.0235)—and improves the 2-year survival rate. 

However, the feasibility of surgical treatment does not apply to patients in stage IIIA 

with a Th-RCRI score of class B and/or a CCI of 5 or more points. 

10. The key findings of this research suggest that surgical treatment for lung cancer is 

suitable for patients with disease stages up to IIIA, provided that established criteria 

for inoperability are adhered to and that factors associated with reduced postoperative 

survival are taken into account.Adopting an Enhanced Recovery After Surgery 

(ERAS) protocol—encompassing prehabilitation programs, ultrasound-guided inter-

fascial blocks, and the intraoperative use of tranexamic acid—may expand the pool 

of patients eligible for surgical intervention. However, further studies are needed to 

clarify these approaches.Additionally, future research should investigate the effects 

of non-diabetic hyperglycemia, anemia, leukocytosis, and preoperative fibrinogen le-

vels on survival outcomes, considering various covariates. 

PRACTICAL RECOMMENDATIONS 

1. The trends in epidemiological data over recent decades indicate a pressing need to 

revise smoking cessation policies, improve environmental conditions (such as re-

ducing aerosols, suspended microparticles, microplastics, and radon exposure), 

and enhance public education on both primary and secondary prevention of can-

cer, with a specific focus on bronchopulmonary cancer. 

2. The most effective way to significantly increase the proportion of patients with 

bronchopulmonary cancer who can benefit from surgical treatment is to establish 

a screening system aimed at identifying the disease in stages I and II. This early 

detection allows for maximal impact from treatments (including radiotherapy and 

chemotherapy) on life expectancy following diagnosis. 



3. Surgical treatment for bronchopulmonary cancer will be indicated after staging the 

disease and meeting the criteria for tumor resectability. These criteria include non-

small cell cancer, a primary pulmonary neoplasm with a surgically accessible lo-

cation, solitary brain metastasis, absence of invasion in the upper mediastinal 

lymph nodes, and solitary adrenal metastasis. 

4. The following conditions are considered non-resectable due to tumor-related fac-

tors: small cell lung cancer; infiltration of the vertebral body by the lung tumor; 

location in the right upper lobe with involvement of the lateral wall of the trachea; 

involvement of the superior vena cava; and metastases (including seemingly soli-

tary ones) in the bones, liver, or lungs. Angiography can help determine the resec-

tability of tumors located in the left pulmonary hilum, the right upper medias-

tinum, and the lobar arteries. 

5. For bronchoplasty, it is recommended to use a refined sealing suture technique. 

6. Once the resectability criteria are met, the following factors related to the patient's 

general condition are considered indicators of inoperability:   

- Age over 75 years if the disease is staged IIIA or higher;   

- Staging IIIA with a Charlson score of 5 or higher;   

- Preoperative FEV1 ≤ 1.7 L;   

- ppoFEV1 ≤ 1.4 L (for Th-RCRI class B) and ppoFEV1 ≤ 1.0 L (for Th-RCRI 

class A);   

- PAP > 30 mmHg in stage IIIA of bronchopulmonary cancer 

7. Patients are considered operable if they meet the following criteria (after tumor    

resectability is confirmed): age up to 80 years, with stage I-II of the disease and a 

Charlson Comorbidity Index (CCI) score of less than 4 points (pneumonectomy 

excluded). 

8. For a more accurate estimation of the postoperative mortality risk in patients ope-

rated on for stage IIIA disease, it is recommended to use the custom nomogram 

developed for this purpose. 

9. Reserved prognostic factors after pulmonary resection include: 

- Diuresis ≤1000 mL/24 hours postoperatively 

- Readmission to the Intensive Care Unit (ICU) 

- Intraoperative bleeding >1000 mL 

- Drainage bleeding >500 mL/24 hours postoperatively. 

10. Preoperative factors associated with reduced life expectancy (regardless of surgi-

cal treatment) include: 

 

                      - Persistent hyperglycemia (6.2 mmol/L) in the absence of diabetes 

- Leukocytosis without associated bacterial or viral infection exceeding 11.0 g/L 

- Preoperative fibrinogen levels above 4.5 g/L 

- Walking capacity of less than 250 meters or a decrease in SpO2 of 4% or more 

during the test. 

11. Perioperative Management Guidelines: 

 

Preoperative Assessment: 



• Evaluate the patient’s nutritional status, and consider prescribing nutritional 

supplements if necessary. 

• Assess for the presence of anemia, which may require injectable iron therapy. 

Prehabilitation Program: 

• For patients with borderline pulmonary function tests or reduced physical en-

durance, implement a prehabilitation program that includes respiratory exercises, 

physiotherapy, and physical activity for 2-3 weeks before surgery. 

• If there is no improvement in spirometry or endurance tests (e.g., the ability to 

walk 250 meters), the patient’s operability should be reevaluated. 

Anesthesia Preparation: 

• Prior to anesthetic induction, perform an ultrasound-guided fascial plane block 

using 0.2% lidocaine (15-25 mL), choosing the appropriate block type (serratus 

anterior, PECS 1, PECS 2, or paravertebral) based on the location of the surgical 

incision. 

Intraoperative and Postoperative Management: 

• Employ a restrictive fluid replacement strategy during and after the surgery, 

using balanced solutions like Ringer’s lactate or acetate to maintain euvolemia. 

Transition from intravenous fluids to oral intake as soon as the patient is able to 

take fluids orally. 

Postoperative Care: 

• Implement respiratory physiotherapy and encourage patient mobilization wit-

hin the first 24 hours postoperatively, following extubation.             
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Purpose of the research. To develop a multimodal perioperative approach to patients with bronchopulmonary cancer 

and advanced anesthetic-surgical risk, allowing to extend operability criteria for increasing life expectancy and reducing post-

operative complications. 

Research objectives: (1) Preoperative evaluation of the patient with bronchopulmonary cancer and advanced anes-

thetic-surgical risk with individualized prehabilitation program (2) Traditional approach in patients with advanced anesthetic-

surgical risk. (3) Usefulness of scores: Charlson, Th-RCRI, ASA and MET in perioperative management and treatment outcomes. 

(4) Determinants of perioperative mortality: identification, description and analysis for optimizing risk management. (5) Echo-

genic fascial plane blocks: their role in accelerating postoperative recovery. (6) Intraoperative bleeding reduction strategies: their 

impact on postoperative recovery. (7) Analysis of postoperative outcomes: development of a rational diagnostic-curative algo-

rithm. 

Scientific novelty and originality. It investigated for the first time the surgical approach in patients with lung cancer 

and advanced anesthetic-surgical risk, a category traditionally considered eligible only for chemotherapy or radiotherapy. It 

demonstrated the feasibility of surgery in well-defined subgroups of patients, with postoperative outcomes and two-year survival 

prognosis significantly superior to the traditional approach. Specific risk factors were identified and parameterised to select 

eligible patients from the high anesthetic-surgical risk group. Predictive models of perioperative mortality based on integrated 

severity scores were developed and validated. A perioperative management strategy, including prehabilitation, accelerated post-

operative rehabilitation, intraoperative antifibrinolysis and anterior serum analgesic block, was successfully implemented, in-

creasing the body's resilience to operative stress and promoting return to homeostasis. 

The important scientific-application problem solved. A new conceptual approach to eligibility and perioperative 

management has expanded the operability criteria for patients with lung cancer and advanced anesthetic-surgical risk previously 

considered inoperable. Mathematical predictive models of postoperative mortality, based on severity scores (Th-RCRI, Charlson, 

MET, ASA) and planned lung resection volume, allow individualization of the therapeutic option (surgical vs. non-surgical). 

Patients operated according to extended criteria and managed perioperatively with prehabilitation and accelerated postoperative 

rehabilitation show a significant increase in life expectancy compared to the traditional approach. 

Theoretical significance, applied value and implementation of scientific results. The paper presents a critical syn-

thesis of the literature on accelerated postoperative rehabilitation in thoracic cancer surgery, with the aim of identifying previ-

ously inoperable patients who may benefit from intervention. Theoretical, methodological and practical bases are provided for 

preoperative assessment, prehabilitation programmes, accelerated postoperative rehabilitation and intra- and postoperative care 

of the patient with bronchopulmonary cancer and increased anesthetic-surgical risk, with the aim of increasing survival rates. 

The innovative approach expands operability criteria, allowing more patients to benefit from surgical treatment with significantly 

better clinical outcomes in terms of survival rate and life expectancy. The results provide practical recommendations for clini-

cians in risk assessment, prehabilitation and preoperative preparation, with a focus on reducing postoperative pain and acceler-

ating recovery through anterior serratus plane block and tranexamic acid administration. 

Implementation of scientific results. The research results were implemented in current clinical practice in the Thoracic 

Surgery Department of the Institute of Emergency Medicine, Chisinau, Republic of Moldova. The implementation acts are at-

tached in Annex no. 1-2. 
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