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Abstract

Diaphragmatic relaxation is a rare but critical condition that can lead to severe respiratory complications. This article
presents a clinical case of a 36-year-old female patient who presented with severe respiratory distress due to idiopathic left
diaphragmatic relaxation, complicated by compression atelectasis and pulmonary embolism. The case underscores the need
for heightened vigilance in diagnosing and managing diaphragmatic disorders, particularly in patients with unexplained
respiratory symptoms. The findings highlight the importance of recognizing this condition early and considering surgical
options as a treatment pathway. By bridging the gap between clinical practice and forensic analysis, this study seeks to
improve the management of patients suffering from diaphragmatic dysfunction.
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[OvadparmanbHasi penakcauus - pegkoe, HO KpPUTUYECKOE COCTOSIHME, KOTOPOE MOXET MPUBECTU K TSHKENbIM
pecnupaTopHbIM OCIOXHEHUAM. B 3Toi cTaTbe NpeACTaBneH KMHWYECKWA criyvan 36-neTHei NauueHTKU C TsKeNbiM
pecnupaTopHbIM  AUCTPECCOM  M3-3a  MAMOMATWYEcKoM neBoW  AuadparManbHOW — penakcauuu, — OCMOXHEHHOM
KOMMPECCUOHHbIM  aTenekTasoM U Tpomboambonueln neroyHoit apTepuu. Cryyal nogyepkuBaeT HeobXOAMMOCTb
MOBbILIEHHON BANTENBHOCTM MPU AMArHOCTUKE U NEYeHUn auadparManbHbIX pacCTpPOACTB, OCOBEHHO Y MALMEHTOB C
HEOOBACHNMBIMA PECTIMPATOPHBIMU CUMMTOMaMK. PesynbTaThl NOAYEPKMBAKOT BaXHOCTb PAHHErO Pacro3HaBaHWs 3TOrO
COCTOSIHUS 1 PACCMOTPEHWS XMPYPrUYECKUX BAPUAHTOB B KA4eCTBE NyTW NEYEHUs. YCTpaHss paspbiB MEXAy KIMHUYECKOM
NPaKTUKON W  CyaebHO-MEeaMUMHCKAM  aHanm3oM, 3TO UCCrefoBaHWe CTPEMWTCS YMYUWMTb JleYeHWe MalMeHTOoB,
cTpagaloLLnx aucdyHKUMen auadparmbl.

Knroyeebie cnoea: OuagppacmanbHas penakcayus, OucyHkyus AuagppaeMbl, Xupypeudyeckoe emewamesiscmeo,
pecnupamopHbIl ducmpecc, uduonamuyeckoe cocmosiHue, duazHocmuKa, uccrnedosaHue Cryqast.
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1 «KaparaHabl meguumnHanbik yHuBepcuteTi» KeAK, KaparaHngbl K., KazakctaH Pecny6nukacsl
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[Ovadparmanbik, penakcauuss — cupek, Gipak ThIHbIC any XyWeCiHiH ayblp ackplHynapbiHa aKenyi MyMKiH, eTe aybip
KepiHic GepeTiH xaraait. byn Makanaga MaononaTusNbIK, CON XaK Avadparmanbik, penakcalnsiHbiH, aCEPIHEH ayblp ThiHbIC
any bysbinbicsl 6ap 36 acap HayKacTblH, KOMMPECCUSNbIK aTenekTad OeH ekne apTepusiCbiHbiH, TPOMO0IMBONMSCHIHA
aCKbIHFaH KMWHUKanNbIK, Xarganbl KenTipinreH. byn xargan gnadparmanbik Gy3binbiCTapabl AMarHoctukanay xsHe emaey
KesiHAe epeKlle CaKTblk, TaHbITyAblH, MaHbI3AblbIFbIH KepCeTeqi, aCipece TyCiHIKCI3 ThiHbIC anmy Oy3bineicTapbl 6ap
Haykactapga. 3epTTey HaTWXKENepi OCbl Xafhaildbl epTe aHblKTaydblH, XaHE €eMAey XOmnbl PETiHAE XWpYPrusnbik
ToCinzaepai KapacTbipyablH, MaHbI3Abl eKeHiH atan kepceTtedi. KnuHukanbik Taxipnbe MeH coT-meauunHanblk Tangayabl
GaiinaHbiCTbipa OTbIpbIN, Oyn 3epTTey AMadparMaHbiH, ANCHYHKUMSIChIMEH ayblpaTbiH HaykacTapablH emaey XOmbiH
XakcapTyabl MaKcaT eTeqi.

TyliH ce3dep: Ouachpaemanbik penakcayus, ouagpaemaHbiy OUCYHKUUSIChbI, XUPYP2USTbIK emMOey, MbIHbIC amy
6y3binbicbi, uduonamusibik Xardall, duacHocmuKa, Xardaliobl 3epmmey.
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Introduction

Diaphragm  dysfunction is a respiratory disorder
characterized by impaired diaphragm movement, leading to
symptoms such as dyspnea, exercise intolerance, and
sleep disturbances. It is diagnosed through imaging tests
and pulmonary function assessments [9]. A specific form of
this dysfunction, diaphragmatic relaxation or elevation,
refers to abnormal diaphragm positioning that can cause
respiratory distress, particularly during exertion [16]. When
compromised by conditions such as diaphragmatic
relaxation, patients may experience paradoxical diaphragm
movement, leading to inadequate ventilation and
oxygenation [8]. Diaphragmatic relaxation is a critical
clinical condition that may result in severe respiratory
complications, yet it is frequently underdiagnosed in both
acute and chronic contexts. Typically, unilateral paralysis of
the diaphragm is asymptomatic and often identified
incidentally during X-ray examinations, presenting as
dyspnea during significant physical exertion [19]. The
etiology of diaphragmatic relaxation is diverse. Traumatic
events can lead to diaphragmatic hernias or paralysis due
to phrenic nerve injury [1,19]. Congenital conditions,
including Congenital Diaphragmatic Hernia, can severely
impact respiratory function from birth. Neuromuscular
diseases such as Amyotrophic Lateral Sclerosis or Spinal
Muscular Atrophy contribute significantly to diaphragmatic
dysfunction by weakening the respiratory musculature [7].

The clinical manifestations of diaphragmatic relaxation
range from subtle respiratory symptoms to acute respiratory

distress syndrome, depending on the severity and cause
[14]. Globally, the incidence of diaphragmatic relaxation
remains underreported, with few documented cases in the
medical literature [2,11]. Recent studies have highlighted
the significant impact of diaphragmatic relaxation on overall
respiratory health, emphasizing the necessity for early
detection and intervention [3]. The lack of awareness
among healthcare professionals can delay diagnosis and
treatment, exacerbating patient outcomes [4]. In this
context, timely identification and intervention are essential
to prevent life-threatening complications.

Forensic analysis of diaphragmatic relaxation is critical,
as it can provide essential insights into the circumstances
surrounding its onset, particularly in cases of trauma.
Understanding the mechanisms of injury and the
subsequent physiological responses is vital for accurate
assessment and management [13].

This article aims to examine the clinical manifestations
and forensic implications of diaphragmatic relaxation
through a detailed case study, highlighting the importance
of timely diagnosis and intervention.

Case presentation

A 36-year-old female patient was admitted to the
emergency department with unstable hemodynamics and
complaints of significant weakness and chest pain. Her
medical history was notable for episodes of syncope and
persistent pallor. The patient described her symptoms as
having intensified over the previous two days, attributing
them to a recent episode of physical exertion. In addition,
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the woman reported that she had been beaten in the
abdomen and sternum area.

Objectively, the patient's general condition was severe
due to accompanying abdominal syndrome, pain syndrome,
and respiratory failure. Self-being was disturbed. The
position was forced. Upon examination, the patient
exhibited severe dyspnea, with a respiratory rate of 22
breaths per minute and oxygen saturation of 78%. Both
halves of the chest participated in the act of breathing
equally. The thorax was of normal shape. Deformity: not
present. Auscultation: vesicular respiration, weakened in
the lower parts of the left side, no wheezing. Auscultation
revealed diminished breath sounds on the left side of her
chest, which caused the suspicion of diaphragmatic
dysfunction. Heart rate - 90 per min. Blood pressure 110/80
mmHg.

Initial imaging, including chest X-rays and CT scans,
revealed left diaphragmatic relaxation accompanied by
compression of the left lung and significant pleural effusion.
Computed tomography of the chest and mediastinum: «CT
signs of the high location of the left diaphragm dome
(relaxation). Compression atelectasis of S7, S8, S9, and
S10 segments of the left lung. Signs of pulmonary
hypertension». The review radiograph showed an Rg-
picture of the high standing of the left dome of the
diaphragm, with compression of the lower parts of the left
lung. Ultrasonography revealed 80 ml of free fluid in the
pleural cavity on the left side.

The next day, the patient experienced a cardiac arrest
of the ventricular fibrillation type. After successful
resuscitation measures the patient was taken for surgery -
Laparoscopic Diaphragmatic Plication. The procedure
aimed to restore the diaphragm’s normal anatomical
position and improve respiratory mechanics. Type of
anesthesia: Total intravenous with mechanical ventilation.

Surgical recovery was complicated by acute pulmonary
embolism. During the operation, the patient suffered a
sudden cardiac arrest. Resuscitation measures were started:
cardiopulmonary resuscitation. Against the background of an
extremely severe condition, resistant to vasopressor therapy
and intensive care measures, there was circulatory arrest of
the asystole type. There was no effect of resuscitation
measures within 30 minutes, and biological death was stated.
Final clinical diagnosis: «(J98.6) Diseases of the diaphragm.
Traumatic relaxation of the dome of the diaphragm on the left.
(J96.0) Acute respiratory failure. Acute respiratory failure
degree 3. (146.0) Cardiac arrest with successful recovery of
cardiac activity. Clinical death from XX/XX/2024 successful
resuscitation (3 min) TELA. (E 66.0) Obesity is due to excess
energy. Obesity 3 degrees. (126.9) Puimonary embolism with
no mention of acute pulmonary heart disease. Pulmonary
embolismy.

Following the initial clinical assessment, a forensic
examination was conducted to evaluate potential causes of
acute respiratory failure.

The external examination revealed no signs of trauma.
There were no visible contusions, abrasions, or signs of
injection, and the skeletal structure appeared intact with no
pathological mobility. The absence of external trauma
suggested that the patient's respiratory distress was
primarily attributable to diaphragmatic dysfunction rather
than external physical injury.

An internal forensic examination revealed several
significant findings. The diaphragm exhibited relaxation,
characterized by a loss of normal tension and an elevation
of the left hemidiaphragm, which was pathologically high (at
the level of the third rib). The left diaphragm appeared
flabby, stretched, and gathered in folds, with thinning
observed (Fig.1). It maintained a normal color, was free
from hemorrhages, and exhibited a smooth surface without
abnormal formations.

Figure 1. Diaphragm: on the left - flabby, stretched,

gathered in folds, thin, of usual color, without
hemorrhages, surface smooth, without any formations;
on the right side - without features.

A forensic histological examination indicated weakly
expressed dystrophic changes in the left diaphragmatic
nerve (Fig.2) and focal hemorrhages in the surrounding
connective tissue of the diaphragmatic nerve (Fig.3).
Additionally, prominent stromal edema (Fig.4). and
dystrophic changes in muscle fibers were noted, particularly
on the left side of the diaphragm (Fig.5).

Figuré 2. Diaphragmatic nerve (left):
Mild dystrophic changes
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Figure 3..Diaphragaicnelrve (left):
Focal hemorrhages in the surrounding fiber
of the diaphragmatic nerve

t b o A '
Figure 4. Diaphragm (left): Prominent stromal edema,

Pl YT
Figure 5. Diaphragm (left):
Prominent stromal edema, dystrophic changes,
and swelling of diaphragm muscle fibers.

4

Examination of the lungs revealed a smooth and shiny
surface, with the tissue displaying a purplish-red color
interspersed with pale pink areas. The right lung is small-air
to the touch, featuring multiple greyish-pink foci of acute
emphysema slightly elevated above the surrounding
pulmonary surface. In contrast, the left lung was sharply
collapsed, demonstrating a doughy consistency, with similar
greyish-pink foci of acute emphysema.

Microscopic examination of lung tissue samples from
the left side indicated areas of compression atelectasis,
characterized by collapsed alveoli and significant
inflammatory changes (Fig.6). The alveolar walls were
thickened, and there was an increase in interstitial fluid,
suggestive of pulmonary edema.

(3 » 5 of .
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Figure 6. Lung (left): Multiple obturating erythrocyte
thrombi in the lumen of pulmonary artery vessels of
different caliber and capillaries of interalveolar septa.
Large focal extra-alveolar and intra-alveolar
hemorrhages of saturated red color. Foci of acute
alveolar emphysema of various degrees of severity
and spread, with thinning and defects of several
interalveolar septa, which alternate with areas
of collapsed alveoli. Alveolar edema.

The examination of the heart and vascular system
revealed signs of strain consistent with acute respiratory
distress and potential hypoxic injury. The right ventricle
showed signs of hypertrophy, likely due to increased
pulmonary artery pressure resulting from the compromised
left lung. Histological analysis of the adrenal glands
indicated nodular hyperplasia, which may have contributed
to the patient’s overall instability. The presence of edema in
the lungs, alongside the noted pleural effusion, reinforced
the diagnosis of acute respiratory failure. Forensic
diagnosis: «ldiopathic (of unknown genesis) relaxation of
the diaphragm on the left; distended, flabby diaphragm on
the left, high pathological standing of the diaphragm dome
at the level of the 3rd rib. (J98.6). Complication;
Compression atelectasis (compression) of the left lung:
sharply collapsed left lung, filling the pleural cavity by %,
decreased airiness; foci of acute alveolar emphysema of
varying severity and distribution, with thinning and defects
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of several interalveolar septa, alternating with areas of
collapsed alveoli. Pulmonary artery thromboembolism: the
presence of mixed thrombus in the lumen of the pulmonary
trunk, both pulmonary arteries, spreading to the branches of
smaller caliber in the «tree» type...». Furthermore,
toxicological analyses were conducted to rule out any
substance abuse or poisoning as contributing factors to the
patient's condition. The results were negative for common
toxins and drugs, supporting the conclusion that the primary
cause of her respiratory failure was related to the
diaphragmatic dysfunction rather than external factors.

Discussion

Diaphragmatic relaxation was frequently overlooked in
clinical practice, despite its potential to cause significant
respiratory compromise. The pathophysiology often
involves an imbalance between the diaphragm's forces and
thoracic cavity dynamics, resulting in abnormal positioning
[8]. While unilateral and bilateral diaphragmatic dysfunction
can lead to respiratory failure, unilateral dysfunction is more
common [7,9]. Various etiological factors contribute to
diaphragmatic relaxation, including congenital defects and
nerve damage; however, many cases remain idiopathic [6].
Research increasingly focuses on perioperative diaphragm
protection, as diaphragmatic dysfunction can facilitate
atelectasis by negatively affecting lung and chest wall
mechanics. For instance, Hu et al. (2024) highlight the need
to monitor diaphragm function during the perioperative
period to mitigate complications associated with mechanical
ventilation [4]. Mechanical ventilation, while critical for
respiratory support, may lead to «myotrauma» (injury to
muscle tissue due to mechanical ventilation) and
subsequent diaphragmatic  dysfunction (DD). The
mechanisms of myotrauma are often linked to inadequate
mechanical ventilation support, resulting in patient-ventilator
asynchrony (PVA). Understanding these mechanisms is
essential for developing myotrauma prevention strategies,
focusing on appropriate inspiratory effort levels to avoid
over- and under-assistance [3].

Various methods exist for tracking diaphragm activity,
though their applicability varies in critically ill patients. While
measuring transdiaphragmatic pressure following magnetic
stimulation of the phrenic nerves is the gold standard, more
practical methods like diaphragmatic ultrasound have
proven useful for evaluating diaphragm function, particularly
in critically ill patients [5,12]. This non-invasive method
enables clinicians to monitor diaphragm morphology and
function effectively, enhancing diagnostic accuracy and
expediting treatment decisions [15,17].

The diverse causes of diaphragmatic dysfunction
necessitate a comprehensive approach to diagnosis and
management. A multidisciplinary approach is crucial in
managing patients with diaphragmatic disorders. Di Buono
et al. (2020) emphasize the importance of early surgical
intervention in congenital cases to prevent long-term
complications such as pulmonary hypoplasia [2]. Early
recogniton and referral to surgical specialists can
significantly enhance outcomes. Rapid identification of
diaphragmatic dysfunction in trauma cases can facilitate
timely surgical interventions, potentially reducing morbidity
and mortality. Advances in minimally invasive surgical
techniques allow for more effective management of
diaphragmatic issues, reducing recovery times and

associated morbidity. Case studies, like Migliore et al.
(2017), illustrate the clinical implications of severe
diaphragm dysfunction and highlight the need for targeted
interventions  [11]. Surgical interventions, such as
diaphragmatic plication, have shown promise in restoring
normal diaphragm function and alleviating respiratory
distress [10,18]. Rehabilitation strategies, including deep
diaphragmatic breathing exercises, can improve respiratory
function post-injury [3]. Liu et al. (2024) emphasize that
diaphragmatic breathing not only increases lung capacity
but also enhances overall respiratory efficiency [8].

In conclusion, the interplay between clinical practice
and forensic analysis is crucial for understanding
diaphragmatic  dysfunction. Early recognition, effective
diagnostic tools, and appropriate management strategies
can significantly enhance patient outcomes. Integrating
forensic insights into clinical assessments improves our
understanding of diaphragmatic dysfunction and contributes
to more effective treatment protocols, ultimately leading to
better recovery trajectories for affected patients.
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