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Penetrating Cardiac Injuries: “Damage Control” and ERAS Ways of Thinking

Abstract

Background. Penetrating stab wounds to the heart are potentially survivable injuries, with reported mortality
ranging from 9.7 % to 35 % among patients who arrive at the hospital with signs of life. Management remains
challenging and depends on rapid diagnosis, timely surgical intervention, coordinated anesthesiological
resuscitation, and streamlined perioperative algorithms.

Aim. To describe the variability of clinical presentation, to analyze and optimize diagnostic, surgical, anesthetic,
and postoperative approaches, and to identify management errors based on 23 years of institutional experience.

Materials and Methods. This retrospective cohort study covered a 23-year period and included 67 adult
patients who met the inclusion criteria. Patients were stratified into four clinical categories on admission:
benign condition, cardiac tamponade, critically unstable, and patients with signs of life or in cardiac arrest. All
patients underwent anterolateral thoracotomy (Spangaro incision) for tamponade release, cardiac repair, and
management of associated injuries. Anesthetic management consisted of general intravenous anesthesia, with
rapid sequence intubation performed in 100 % of cases.

Results. Among the 67 patients, 61 (91.05 %) had isolated cardiac injuries and 6 (8.95 %) had multiple-
chamber wounds. Overall survival was 91.05 %. Emergency department thoracotomy (EDT) was performed
in 8 patients (11.94 %), with a 50 % survival rate. The distribution of isolated injuries was as follows: LV
29 (47.54 %), RV 24 (39.36 %), RA 4 (6.55 %), and LA 4 (6.55 %). Associated injuries occurred in 15 patients
(22.38 %). Mortality was 8.95 %; deaths resulted from cardiac tamponade (4 patients, 66.7 %), exsanguination
(1 patient, 16.65 %), and injury to the left anterior descending artery (1 patient, 16.65 %). Postoperative
complications occurred in 5 patients (7.46 %).

Patients were subsequently divided into two groups: Standard (n=35) and ERAS-based management (n=32).
Implementation of ERAS principles led to a significant reduction in ICU stay (2.2 — 1.6 days, p<0.05) and
hospital LOS (9.3 = 6.5 days, p<0.05) without an increase in complications or mortality.

Conclusion. Survival after penetrating cardiac injury can be improved through the implementation of a simple,
rational, and scientifically grounded management strategy that integrates damage-control principles and
ERAS-based perioperative optimization.

Keywords: cardiac trauma, penetrating heart injury, cardiac repair, cardiac tamponade, emergency department
thoracotomy, ERAS, echocardiography

Introduction. The incidence of cardiac injuries is ap-
proximately 1 patient per 210 trauma admissions [1].
Mortality in penetrating stab wounds to the heart rang-
es from 9.7 % to 35 % and is strongly influenced by the
time to hospital admission, the patient’s physiological
category on arrival, the rapidity of surgical intervention,
the extent of blood loss, and the quality of anesthesiologi-

© 2025 The Authors. National M. M. Amosov Institute of
Cardiovascular Surgery NAMS of Ukraine. This is an open access
article under the CC BY-SA license.
(https://creativecommons.org/licenses/by-sa/4.0/).

cal and postoperative management [2]. In many regions,
including Ukraine, such patients are initially treated in
municipal or rural hospitals, where general surgeons fre-
quently manage emergency thoracic trauma.

Damage control surgery (DCS) was introduced in
1993 by Rotondo and Schwab [3] for the treatment of ex-
sanguinating trauma patients and later adapted to multi-
ple surgical disciplines [4]. The core concept emphasizes
rapid control of life-threatening hemorrhage, reversal of
the lethal triad, temporary measures, and limiting opera-
tive time to under one hour.
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Enhanced Recovery After Surgery (ERAS) principles,
introduced into cardiac and colorectal surgery in the
1990s [5,6] and formalized with the establishment of the
ERAS Society in 2003, aim to reduce perioperative stress,
optimize physiology, and accelerate functional recovery.
Updated ERAS recommendations for emergency laparot-
omy (2021, 2023) further expanded the applicability of
evidence-based multimodal care to acute surgical condi-
tions [7,8,9,10]. Based on these concepts, we attempted
to integrate ERAS principles - where feasible - into the
perioperative management of patients with penetrating
cardiac trauma.

Preliminary experience suggested that the application
of ERAS components may reduce the length of ICU stay
(from 2.2 to 1.6 days) and hospital LOS (from 9.3 to 6.5
days), without increasing complications. This observation
aligns with modern literature demonstrating that survival
in penetrating cardiac trauma depends not only on surgi-
cal technique, but also on coordinated multidisciplinary
management and structured perioperative pathways.

The aim of this study was to describe the clinical pat-
terns of penetrating cardiac injuries, to analyze and op-
timize diagnostic, surgical, anesthetic, and postoperative
management algorithms, and to identify recurrent perio-
perative errors based on 23 years of experience at a high-
volume trauma center.

The aim of this study was to describe the variable
patterns of clinical presentation, analyse and optimise
diagnostic, surgical, anaesthesiological, and postopera-
tive algorithms, and identify management errors based
on 23 years of experience.

Materials and methods

Study Design and Setting

This was a retrospective cohort study conducted at
Kyiv City Clinical Hospital No. 17 over a 23-year period
(January 2000 - December 2023). The study included
adult patients presenting with penetrating stab wounds
to the heart who underwent emergency surgical treat-
ment. Reporting follows the STROBE guidelines for ob-
servational studies.

Ethical Approval

The study protocol received approval from the Health
Research Ethics Committee of Shupyk National Health-
care University of Ukraine (Protocol #3, 10 October
2025). All procedures adhered to the principles of the
Declaration of Helsinki. Written informed consent was
obtained when applicable, recognizing that many criti-
cally unstable patients were unable to provide consent
due to life-threatening conditions.

Data Sources

Clinical data were extracted from hospital medical
documentation, including emergency department notes,
eFAST reports, chest radiographs, operative reports,
perioperative anesthetic charts, ICU monitoring sheets,
and discharge summaries.

Study Population and Eligibility Criteria

A total of 67 consecutive adult patients (=18 years)
with penetrating stab wounds to the heart met the inclu-

sion criteria. Patients declared dead on arrival without any
signs of life were excluded. All patients were managed in
the polytrauma department according to ATLS principles.

During operation, the mean estimated blood loss was
1291 ml (range 200-3500 ml). The mean hemopericar-
dium volume was 255 ml (150-600 ml). Fifteen patients
(22.38 %) had associated injuries (lung injury in 5 cases
and vascular injuries to the internal thoracic artery or
pericardiacophrenic artery in 10 cases).

Admission Classification and Initial Management

Upon arrival, patients were categorized into four clin-
ical groups:

1. Benign condition

2. Cardiac tamponade

3. Critically unstable

4. Patients with signs of life or in cardiac arrest

This classification was based on physiological status
and correlated with diagnostic findings. Resuscitation
began immediately using warm crystalloids, blood prod-
ucts, and permissive hypotension principles.

Preoperative diagnostics included eFAST (performed
in all patients) and chest X-ray (when feasible). Antibi-
otic prophylaxis with II-III generation cephalosporins
and tetanus prophylaxis were administered according to
guidelines.

Indications for Thoracotomy

Thoracotomy was performed for:

e cardiac arrest on arrival,

e positive eFAST (fluid in the pericardial or pleural
cavity),

e chest X-ray findings suggestive of hemothorax or
globular-shaped heart.

All surgical procedures were performed via anterolat-
eral thoracotomy (Spangaro incision).

Anesthetic and Perioperative Management

General intravenous anesthesia was used in all pa-
tients. The choice of drug combination was based on
hemodynamic parameters:

e Sodium oxybutyrate + ketamine in 37 patients

(55.2 %)

e Propofol + ketamine in 22 patients (32.8 %)
¢ Propofol + fentanyl in 8 patients (12 %)

Rapid sequence intubation (RSI) was performed in
100 % of patients. Intraoperative and postoperative
monitoring included ECG, invasive arterial pressure, cen-
tral venous pressure, pulse oximetry, and capnography.

Massive transfusion strategies followed a damage
control resuscitation approach, prioritizing blood com-
ponents over crystalloids.

Formation of Standard and ERAS Groups

Following data analysis, patients were divided into
two management subgroups:

¢ Standard care group: 35 patients
o ERAS-implemented group: 32 patients

ERAS elements included warmed infusions, early ex-
tubation, early mobilization, optimized analgesia, glu-
cose control, maintenance of normothermia, and postop-
erative ECHO-guided inotropic titration.
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Surgical Technique

In all patients, the pericardium was opened widely
and parallel to the phrenic nerve. Clots were evacuated
in cases of tamponade. When the patient presented in
cardiac arrest, open cardiac massage was initiated im-
mediately.

Bleeding control was achieved through manual fin-
ger tamponade, followed by definitive repair. Ventricular
injuries were closed with U-stitches using 5-0 Ethibond
on a large needle with two needle holders; atrial injuries
were repaired with 4-0 or 5-0 Prolene under a Satinsky
clamp. Pledgets were not used in penetrating cardiac
trauma in this series.

Outcome Measures

Primary outcomes
e Mortality
¢ ICU length of stay (ICU-LOS)

Total hospital length of stay (LOS)

Secondary outcomes

Distribution and type of cardiac injuries

Associated injuries

Volume of transfusion

Use of inotropic support

Postoperative complications

Statistical Analysis. Data were analyzed retrospec-
tively using R software (version 4.3.3).

Normality was assessed using the Shapiro-Wilk test.
o Continuous variables were expressed as mean *SD

or median (IQR) as appropriate.

e Categorical variables were summarized as counts
and percentages.

Comparisons between Standard vs ERAS groups used:
e Independent samples t-test or Mann-Whitney U test

for continuous variables
o X*test or Fisher’s exact test for categorical variables

A p-value <0.05 was considered statistically signifi-
cant.

Results. Over a 23-year period, 67 patients sustained
penetrating stab wounds to the heart and met the inclu-
sion criteria. The cohort consisted of 65 males (97 %)
and 2 females (3 %), with a mean age of 35.42+6.93
years (range 18-67). Time from injury to hospital ad-
mission ranged from 0.5 to 2 hours. At presentation, 10
patients (14.9 %) were asymptomatic, while Beck’s triad
was observed in 8 patients (11.9 %). Another 8 patients
(11.9 %) arrived in cardiac arrest. Beck’s triad was seen
exclusively in patients with cardiac tamponade and was
absent in cases of massive pleural bleeding.

The time from admission to the operating room was
exceptionally short (0-0.15 hours). Chest X-ray was per-
formed in 52 patients (77.6 %), while eFAST was con-
ducted in all patients. Pericardial fluid was categorized as
negative, inconclusive (<40 ml), or positive. Emergency
department thoracotomy (EDT) was required in 8 pa-
tients (11.94 %), with a survival rate of 50 %.

The operative approach consisted of an anterolateral
thoracotomy, left-sided in 63 patients (94 %) and right-
sided in 4 patients (6 %). Three predominant bleeding

patterns were noted. Blood confined to the pericardium
occurred in 16 patients, with volumes ranging from 150
to 600 ml (median 255 ml). Isolated pleural bleeding oc-
curred in 12 patients, with blood loss ranging from 200
to 2500 ml (mean 1291.6 ml). Combined pericardial and
pleural bleeding was documented in 39 patients, with
pericardial blood volumes ranging from 40 to 500 ml
(mean 171.8 ml) and pleural blood loss ranging from 100
to 3500 ml (mean 1060.25 ml).

Intraoperatively, isolated cardiac chamber injuries
were identified in 61 patients (91 %), whereas multiple-
chamber injuries were present in 6 patients (9 %). The
distribution of isolated injuries included 29 left ven-
tricular injuries (47.54 %), 24 right ventricular injuries
(39.36 %), 4 right atrial injuries (6.55 %), and 4 left atrial
injuries (6.55 %). Multiple-chamber combinations con-
sisted of RV+LV in 3 patients, LA+LV in 2 patients, and
RV+RA in 1 patient. All patients with multi-chamber in-
juries had hemopericardium of 150-300 ml accompanied
by massive hemothorax of 1300-3500 ml.

Intraoperative steps are presented in Figure 1.

Postoperative management required transfusion in
53 patients (79.1 %), ranging from 1 to 7 units of packed
red blood cells to maintain hemoglobin levels above
70 g/L. Inotropic support was necessary in 59 patients
(88 %). In 40 patients (59.7 %), the combination of dobu-
tamine and norepinephrine was used; 9 patients (13.4 %)
required epinephrine; and 10 patients (14.9 %) were
stabilized with norepinephrine alone. Time to achieve
hemodynamic stability ranged from 6 hours to 9 days.

The overall mortality rate was 8.95 %. Mortality was
5.08 % in isolated injuries and 50 % in multi-chamber
injuries. Fatal outcomes included two patients with left
ventricular injuries (one with tamponade and one with
massive hemothorax) and one patient with a right ven-
tricular injury involving the anterior descending artery.
Postoperative complications occurred in 6 patients
(8.95 %), including one case requiring re-thoracotomy,
two cases of wound dehiscence, and three cases of acute
renal failure, all of which resolved without dialysis.

Patients were divided into Standard (35 patients)
and ERAS (32 patients) groups. Implementation of ERAS
principles resulted in a significant reduction in ICU
stay (2.2 = 1.6 days, p < 0.05) and overall hospital stay
(9.3 = 6.5 days, p < 0.05), without an increase in transfu-
sion requirements, inotropic support, complications, or
mortality. These findings suggest that improved recovery
was attributable to perioperative optimization rather
than differences in injury severity.

The results of patient examination and treatment are
presented in Tables 1, 2, and 3.

Discussion. Penetrating cardiac injuries remain
among the most formidable challenges in thoracic trau-
ma, requiring rapid diagnosis, coordinated multidisci-
plinary management, and decisive surgical intervention.
The modern damage control philosophy has substan-
tially influenced the approach to such patients by pri-
oritizing the arrest of life-threatening hemorrhage, cor-
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Figure 1. Intraoperative views: A - the hole in the pericardium; B - opened the pericardium widely;
C - the technique of suturing the heart with 2 needleholders; D - heart wound after it was sutured

Table 1
Baseline characteristics at admission
Critically unstable Lifeless w/ SOL

Variable Benign (n=13)  Tamponade (n=16) (n=30) (n=8) Total (n=67)
Time to admission, h 0.5-2.0 0.5-2.0 0.3-1.0 0.3-1.0 0.5-2.0

No symptoms 10 - - - 10 (14.9 %)
Beck’s triad - 8 - - 8 (11.9 %)
Cardiac arrest - - - 8 8 (11.9 %)
Chest X-ray done 13 (100 %) 12 (75 %) 27 (90 %) 0 52 (77.6 %)
eFAST positive v v v v 100 %

EDT performed - - - 8 8 (11.9 %)
Table 2 Table 3

Types of cardiac and associated injuries Comparison of outcomes in Standard vs ERAS groups

Critically Standard ERAS

Injury type Benign Tamponade unstable Lifeless Total Variable (n=35) (n=32)  p-value
!sgla_ted 12 15 28 6 610 ICU stay, days 2.2 1.6 <0.05
injuries (91 %) LOS, days 9.3 6.5 <0.05
- 1 8 16 4 29 pRBC transfusion 28(80%) 25(78%)  ns.
-RV 8 5 10 1 24 Inotropic support 32 (91 %) 27 (84 %) n.s.
-RA 3 1 - - 4 Complications 4 (11 %) 2 (6 %) n.s.
-LA 1 1 2 - 4 Mortality 129% 1(31%  ns.
Multiple . 1 2 3 6(9%)

injuries

Associated 1 6 6 15

injuries
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rection of the lethal triad, and minimizing operative time
to under one hour. These principles, combined with the
implementation of ERAS-based perioperative strategies,
formed the foundation of management in our cohort.

Despite decades of experience with penetrating car-
diac injuries, outcomes continue to depend on multiple
interrelated factors, including the interval from injury to
hospital admission, the physiological category of the pa-
tient at presentation, the extent of cardiac damage, the
effectiveness of anesthesiological resuscitation, and the
speed of operative control. E. Degiannis [11] proposed
a practical clinical classification that divides patients
according to their physiological state upon arrival. We
adopted this classification in our study, and its use con-
tributed to streamlined triage, reduced diagnostic delays,
and faster operative access. Such an approach is likely
one of the factors contributing to the relatively low mor-
tality rate observed in our series compared with pub-
lished historical data.

The variability of clinical presentation remains a hall-
mark of penetrating cardiac trauma. Patients may arrive
in a seemingly stable condition without significant symp-
toms, yet rapidly deteriorate. Conversely, classic Beck’s
triad, often highlighted as a textbook sign of tampon-
ade, appeared in only 11.9 % of our patients—consist-
ent with reported rates of 10-30 %. The clinical picture
was shaped primarily by the degree of hemorrhage, with
patients suffering massive pleural bleeding presenting
more frequently in shock or near cardiac arrest [12]. This
further underscores the importance of early imaging and
immediate operative readiness.

Non-invasive diagnostic modalities such as chest X-
ray, eFAST, and transthoracic ECHO play crucial roles in
the initial assessment. While chest X-ray remains limited
in its sensitivity for cardiac injury [13], it nevertheless
detected important findings such as globular cardiac sil-
houette or unilateral opacity in our cohort. eFAST was
universally performed and demonstrated high sensitivity,
consistent with existing literature. Nevertheless, certain
limitations persist, particularly in cases with minimal
pericardial accumulation. Echocardiography remains
the gold standard for rapid identification of hemoperi-
cardium and ongoing cardiac compromise [14,15,16,17].
Although MDCT offers excellent sensitivity for structural
cardiac injuries, it was not utilized in our cohort due to
the emergent nature of presentation, the physiological
instability of many patients, and the imperative to avoid
delays to operative management [18].

The anesthesiological challenges in these patients
are profound. Severe shock, metabolic derangements, ar-
rhythmias, and active hemorrhage create a narrow thera-
peutic window. Induction of anesthesia must be carried
out with agents that maintain hemodynamic stability,
and in our study etomidate and ketamine were the agents
of choice. Rapid sequence intubation was performed in
all patients due to the emergency nature of the presen-
tation. In-hospital cardiac arrest in these cases necessi-
tates immediate open cardiac massage, as closed chest

compressions generate only 20-25 % of baseline cardiac
output and provide insufficient cerebral perfusion [19].
EDT remains the only meaningful option for survival in
patients with penetrating thoracic trauma and cardiac
arrest.

Surgical exploration consistently revealed distinct
patterns of bleeding, ranging from isolated hemopericar-
dium to massive pleural hemorrhage, or a combination
of both. Intraoperatively, the presence of haemopericar-
dium may be suspected from its bulging, tense, or white-
bluish colour [20].

It is a mistake not to open the pericardium solely be-
cause it appears «normal». We always open the pericar-
dium when there is suspicion of cardiac injury.

Meticulous opening of the pericardium parallel to the
phrenic nerve, complete evacuation of clots, and rapid
identification of bleeding sites were critical components
of operative success. After opening the pericardium and
releasing the tamponade (if present), the heart may be ob-
served in one of two states: asystole or ventricular fibril-
lation. Defibrillating the heart during cardiac standstill is
erroneous, as it may further damage the myocardium.

Open cardiac massage is performed with two hands,
avoiding compression of the heart against the thoracic
spine or sternum. Its effectiveness can be assessed us-
ing arterial line waveforms or end-tidal CO, (EtCO3). Our
technique relied on finger pressure for immediate he-
mostasis, followed by definitive chamber-specific repair
with U-stitches for ventricular injuries or Prolene su-
tures for atrial injuries. Pledgets were not used, which is
consistent with emerging trauma literature noting their
limited applicability in this setting.

The mortality rate in our study was 8.95 %, which
aligns with the lower boundary of reported global ranges
(9.7-35 %). Mortality was significantly higher in patients
with multiple-chamber injuries (50 %), reflecting the
severity of physiological collapse associated with such
wounds [21]. Complications were relatively infrequent
and included wound dehiscence and acute renal failure,
all of which were successfully managed.

There is only 3 prospective studies on penetrating
cardiac injuries with positive scientific inquiry [22,23,24]

In these papers, the cardio-vascular and respiratory
elements of the Trauma Score (CVRS) on admission were
analysed and introduced into practice. In stab wounds, a
CVRS of 0 and asystole were not shown to predict survival.
Cardiopulmonary arrest was the only indication for per-
forming thoracotomy, which was statistically significant
(mortality rate 82.6 % versus 33.3 %). Mortality correlat-
ed with the grade of injury, but this grading system is not
surgeon-friendly and is impractical in the operating room.
A CVRS score of 0 predicts a mortality of 94 % (p<0.001).

The subxiphoid pericardial window is an alternative
to eFAST; it is an invasive procedure that requires intuba-
tion and general anaesthesia.

Pericardiocentesis is now rarely performed in cases
of penetrating cardiac trauma. We did not perform it for
any patient.
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In 1942, Griswold and Maguire recommended that
every large hospital should have an operating room and
surgical instruments available at all times.

Mattox KL pioneered the role of thoracotomy and car-
diorrhaphy in the emergency centre.

In the postoperative period, continuous ECG and
echocardiographic monitoring are crucial.

The level of troponin [ may be informative when in-
terpreted alongside ECG changes and segmental myocar-
dial wall motion abnormalities. Complete heart block and
other conduction system disturbances may necessitate
temporary cardiac pacing.

Acute heart failure requires inotropic drugs (dobu-
tamine, epinephrine, levosimendan, norepinephrine, or
their combinations) and may even necessitate mechani-
cal circulatory support devices such as an intra-aortic
balloon pump, Impella, or ECMO [25].

Echocardiographic findings were abnormal in 17.4 %
of patients after penetrating cardiac trauma: pericardial
effusion 47 %, wall motion abnormalities 42 %, and re-
duced ejection fraction (EF) 42 % [26].

Prolonged hypovolemic shock and metabolic acidosis
may contribute to acute renal failure, necessitating hae-
modialysis in 14.3 % of cases [27].

An important component of our study was the com-
parison between standard management and an ERAS-in-
tegrated perioperative approach. Although traditionally
applied in elective surgery, elements of ERAS - such as
the maintenance of normothermia, optimized analge-
sia, early correction of derangements, targeted hemo-
dynamic management, and postoperative ECHO-guided
inotropic titration - proved feasible even in emergency
thoracic trauma. Implementation of these principles re-
sulted in a statistically significant reduction in ICU stay
(from 2.2 to 1.6 days, p<0.05) and hospital length of stay
(from 9.3 to 6.5 days, p<0.05), without an increase in
postoperative complications, transfusion requirements,
or mortality. These findings support the concept that
structured perioperative optimization can meaningfully
improve recovery even in patients with exsanguinating,
life-threatening thoracic trauma.

Furthermore, the observed similarity in injury se-
verity, transfusion needs, inotropic requirements, and
complication profiles between the two groups suggests
that the improved recovery in the ERAS cohort was at-
tributable to optimized perioperative care, not differ-
ences in baseline severity. These findings reinforce cur-
rent trauma literature, which emphasizes that survival
in penetrating cardiac trauma is determined not solely
by surgical repair, but by coordinated multidisciplinary
management, rapid diagnostics, and evidence-based re-
suscitation strategies.

Finally, the practical algorithm constructed from our
experience offers a clear, reproducible, and clinically use-
ful pathway for managing penetrating cardiac injuries.
Early recognition of physiological status, rapid triage,
immediate imaging, and decisive operative action form
the core of effective care. Many perioperative pitfalls

highlighted throughout our analysis - such as delayed
pericardial opening, misinterpretation of imaging, or in-
appropriate resuscitation - can be avoided by adherence
to established trauma principles and continuous inter-
professional training.

At the conclusion of this study, we propose a practi-
cal, evidence-informed algorithm for the management of
patients with penetrating cardiac injuries.

Algorithm for patients with penetrating cardiac
injuries

E. Degianis classification of patients at arrival:

1) lifeless with any signs of life or cardiac arrest at ad-
mission - EDT in the OR;

2) critically unstable - OR (eFAST*X-ray in the OR );

3) cardiac tamponade - OR (eFAST*X-ray in the OR);

4) benign presentation - eFAST+X-ray - OR.

Conclusions. Penetrating cardiac injuries remain
among the most lethal forms of thoracic trauma, yet sur-
vival can be significantly improved when management is
rapid, structured, and grounded in evidence-based prin-
ciples.

1. Classification of patients into benign, tamponade,
critically unstable, or cardiac arrest categories proved
essential for rapid triage and minimised delays to
operative intervention.

2. Anterolateral thoracotomy is the preferred incision in
patients with penetrating cardiac injuries.

3. The crucial role of anaesthesiological management
lies in effective damage control resuscitation,
rapid sequence intubation, haemodynamic-
guided inotropic therapy, and maintenance of
normothermia.

4. Incorporation and adaptation of ERAS principles
into emergency thoracic trauma care demonstrated
measurable clinical benefits.

Final Statements

Prospects for Further Research. Future studies
should focus on long-term follow-up of patients with
penetrating cardiac injuries with proposed algorithm
and implemented ERAS concepts to confirm their effi-
cacy and safety, reduce mortality and complication rates

Ethical Approval. The study protocol received ap-
proval from the Health Research Ethics Committee of
Shupyk National Healthcare University of Ukraine (Pro-
tocol #3, 10 October 2025). All procedures adhered to
the principles of the Declaration of Helsinki. Written in-
formed consent was obtained when applicable, recogniz-
ing that many critically unstable patients were unable to
provide consent due to life-threatening conditions.

Funding and conflict of interest. The authors report
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study received no external financial support

Use of Artificial Intelligence. No artificial intelli-
gence tools were used in any stage of this study, including
data collection, analysis, interpretation, or manuscript
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Materials and methods. The authors of the manu-  and obtained quantitative characteristics. All materials

script consciously declare that the work uses the results  are stored in the archive of the research group and can be
of their own clinical studies, which were systematized  provided upon reasonable request to the corresponding
and analyzed by the authors. Primary data include gen-  author, taking into account the requirements of confiden-
eralized patient indicators, laboratory results, protocols  tiality and ethical norms.
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MpoHukatoui nopaHeHHs cepus: MUCNEHHSA B cTUni «damage control» Ta ERAS

Tkaniy B.B.}, bopucoea B.l.2, CaBontok C.1.1, Hening H0.B.3, laniee 0.B.?

'HauioHanbHuiA yHiBepCUTET 0XOpOHM 3a0poBs Ykpainu imMeHi M. /1. Lynuka, kadeppa xipyprii N2 1 m. Kuis, YkpaiHa
2KHIM KuniBcbka Micbka kniHiuHa nikapHs N2 10, M. Kuis, YkpaiHa
*KHIM KuiBcbka Micbka kniHiyHa nikapHa N2 12, M. Kuis, YkpaiHa

Pesiome

[IpoHMKalO4i HOKOBi MOpaHeHHs cepls € MOTEHLIMHO BMXKMBAaHWMM TpaBMaMH, NPHU AKUX 3apeecTpoBaHa
CMepTHICTh KOJIUBAEThCA Bif 9,7 % mo 35 % cepen nauieHTIB, siKi HAAXOAATh J10 JIiKapHi 3 03HaKaMH KUTTs. Jli-
KyBaHH$ 3aJIMIIAETbCA CKJIAJHUM | 3aJIeXKUTh Bifi LIBUAKOI 11arHOCTUKH, CBOEYACHOIO XipypriyHOro BTPy4YaHHs,
CKOOPZIMHOBAHOI aHeCcTe3i0/10TiYHOro 3a6e3nedyeHHs Ta ONTUMI30BaHUX NepionepaniiHUX aIrOpUTMIB.

Mera. /loc/1ii>keHHS NOJIAIJIO Y TOMY, 1106 OonucaTy BapiabesbHICTb KJIHIYHOI KapTHHHU, IpOaHali3yBaTHU Ta
ONTHMI3yBaTH AiarHOCTUYHI, XipypriyHi, aHecTe3i0/10r4Hi Ta nic/sonepaniiyi niAxoau, a TakoX BUSABUTH NOMUJI-
KU yIpaBJiHHA Ha OCHOBI 23-piuHOro A0cBiAy po60OTH YCTaHOBHU.

Marepiasiu Ta MeToau. Lle peTpocneKTUBHE KOrOPTHE A0CJiAKEHHSI OXOIMJI0Baio 23-piuHUi nepion i BKJIIO-
yaJsio 67 AOpOC/IUX MAli€HTIB, AKi BiZiMOBiasu KpUTepiaM BrtoueHHs. [lanieHTH 6ysu po3jisieHi Ha 4 kaTeropii:
He3arposJIMBUH CTaH, TAMIIOHAJA CeplLis, KPUTUYHO HeCTabi/bHI Ta MallieHTH i3 03HaKaMM KUTTS YU 3yIIUHKOIO
cepleBol AifJbHOCTI IpYU HaAX0KeHHI. YciM nauieHTaM 6ysa npoBefieHa lepeJHbOOOKOBA TOPAaKOTOMIsA (po3pis
CrnaHrapo) A1 yCyHeHHsI TaMIIOHA/iy, 3allIMBaHHS Ceplis Ta JiKyBaHHS CYNMyTHIX NOLIKO/KeHb. AHecTe3iosoriuHe
JIIKyBaHHS BKJ/IIOYaJ/I0 3ara/IbHy BHYTPITHbOBEHHY aHecTe3ito, y 100 % BUMajKiB - IIBUAKY NOCIiA0BHY iHTY6alilo.

PesyabraTu. Cepef, 67 nauientiB y 61 (91,05 %) 6ys1u i30/1b0BaHi nopaHeHHs cepusd, ay 6 (8,95 %) - 6ara-
TOKaMepHi NopaHeHHs. 3arajbHa BHKUBaHicTb ckjana 91,05 %. PeanimaniiiHa TopakoToMist 6y/1a mpoBesieHa y
8 nmauienTiB (11,94 %) 3 BwxuBaHicTio 50 %. Po3nogin i3onboBanux TpaBM 6yB TakuMm: JIII 29 (47,54 %), I
24 (39,36 %), 111 4 (6,55 %) Ta JII1 4 (6,55 %). CynyTHI NOXKOKEeHHS BUHUKJIU y 15 nanieHTis (22,38 %). CMepT-
HicTb ckJas1a 8,95 %; cMepThb HacTala BHACIIAOK TaMIIOHaAH ceplid (4 manieHTH, 66,7 %), kpoBoBTpaTH (1 nauieHT,
16,65 %) Ta mowKoAKeHHs JiBoi nepegHboi HU3XiAHOI apTepii (1 mauieHT, 16,65 %). [licisonepaniiini yckaaz-
HeHHS] BUHUKJIM ¥ 5 nanieHTiB (7,46 %). [lauieHTiB nisHiwe po3aianaum Ha ABi rpynu: crangapTHa (n=35) Ta Jiky-
BaHH# Ha ocHOBi ERAS (n=32). BupoBamxeHHs npuHnumiB ERAS npusBesio o0 3HaYHOTO CKOPOYEHHS TPUBAJIOCTI
nepebyBaHHS Y Biji/iiieHHI iHTeHCcUBHOI Tepanii (2,2 = 1,6 aHs, p<0,05) Ta TpuBasocTi nepebyBaHHs B JiKapHi
(9,3 = 6,5 nn1, p<0,05) 6e3 36i/1bLIEHHS KiJIBKOCTI YCKJIaJHEHb a060 CMEPTHOCTI.

BuCHOBKM. Br>kvMBaHHS Mic/isi NPOHUKAKYOro NOPaHeHHs ceplid MOXKHA MOKPaLUTH LIJIXOM BIPOBa/PKEeHHS
NPOCTOI, palioHa/sbHOI Ta HAYKOBO OGI'PYHTOBAHOI cTpaTeril JIiKyBaHHS, KA MOEJHY€E NPUHIUINA KOHTPOJIIO I10-
LIKO/>)KeHb Ta NepionepaniiHy onTuMisaunito Ha ocHoBi ERAS.

Katouoesi cnoea: mpasma cepys, npoHUKarOUi NOPAHEHHS cepyst, yWUBAHHS NOPAHEHHS cepysi, mamMnoHadd cepysi,
Hegidk/adHa peaHiMayiliHa MopakomoMisi, npuckopexe 8idH08.1eHHs nicas onepayii, EXO - kapdiozpadis.
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