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ABSTRACT

A 50-year-old woman was admitted to the emergency center with dyspnea, cough, and
fever symptoms. She had a medical history of diabetes mellitus type II, rheumatoid
arthritis, as well as several admission records due to aspiration pneumonia. The primary
diagnosis was diabetic ketoacidosis and pneumonia. Normal breath sounds were reduced
on the lower posterior right side of the thorax. A standard chest x-ray and lung Computed
Tomography (CT) scan revealed collapse consolidation in the Right Lower Lobes (RLL)
and Right Middle Lobes (RML). We here presented a case of unilateral diaphragmatic
paralysis with a history of recurrent pneumonia.
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1. Introduction 2. Case history

A 50-year-old woman complained about dyspnea,
cough, and fever after admission to the emergency
center. The recent symptoms initiated in the past sev-
eral days. The vital signs were T=38.8 ¢, BP=126/90
mmHg, PR =105 per/min, RR =23 per/min, and Arterial

he diaphragm is the most crucial muscle
of ventilation that poses negative intra-
thoracic pressure to initiate ventilation.
The clinical features of diaphragm pa-
ralysis can be varied and linked to the

etiology, unilateral or bilateral, acute or chronic condi-
tions, and associated diseases. However, it may be a
misdiagnosis of clinical conditions.
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Blood Gas (ABG) analysis included PH =7.26, PaCO
=32.8 mmHg, Pa02=34.9 mmHg, HCO3 =16.1, and
O, sat =52.9% at the time of administration without the
use of supplemental O,. The other laboratory biochemi-
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cal tests consisted of WBC=14000, segmented neutro-
phile =93%, Hgb=9,1g/dL, Creatinin =2,3mg/dL, blood
sugar =532 mg/dL, LDH =592 v/L, CPK =179 v/L, Na
=126meq/L, K =4,1 meq/L, CL=96 meq/dL, and lactate
level =21mg/dL. The liver function test result was in the
normal range.

The patient was referred to the endocrine ward for fur-
ther evaluation. Insulin therapy and antibiotic therapy
were initiated for the patient. Chest X-ray presented the
homogenous density compatible with right hemidia-
phragm that was associated with the malnormal position.
Physical examination presented an increased dullness on
the percussion of the right mid hemithorax and reduced
normal breath sounds in the same region. The consul-
tation was performed with a pulmonologist physician.
She had a medical history of diabetes mellitus and rheu-
matoid arthritis. In addition, the patient reported several
hospital admissions with a diagnosis of pneumonia.

Sputum culture was E-Coli, and antibiogram sensi-
tive test results were amikacin, ciprofloxacin, cefepime,
ceftazidime, cefuroxime, imipenem, and gentamycin.
ESR and CRP were 63 mm/h and 23 mg/d, respectively.

The plain chest radiography identified an elevation of
right hemidiaphragm near to the right hilum that was as-
sociated with adjacent alveolar shadows. Figurel shows
a plain chest X-ray of the patient. A CT scan revealed
Right Middle Lobe (RML), and Lower Lobe (LL) col-
lapses and no evidence of underlying malignancy, endo-
bronchial mass, and mediastinal or hilar lymphadenopa-
thy. Figure 2 discloses the conventional CT scan features
of diaphragmatic paralysis.

The diaphragmatic paralysis was suggested. Fluoros-
copy was executed with sniff maneuver. It was satis-
fied with the reduced function of hemidiaphragm with
inspiration and expiration efforts without paradoxical
movement.

Echocardiography was reported as Ejection Fraction
(EF) =40%, mild Left Ventricular (LV) systolic dys-
function, and diastolic dysfunction grade I, mild global
hypokinesia, and Pulmonary Artery Pressure (PAP) =24
mmHg. Spirometry was carried out in the sitting posi-
tion. The supine position was impossible for the patient.
Its results were Vital Capacity (VC) =47%, Forced Vital
Capacity (FVC) =42%, and Forced Expiratory Volume
in One Second (FEV1)=33%.
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3. Discussion

The diaphragm is a Greek word with two components;
Dia=between and phragma=fence. It has two distinct
unite muscles with separate blood supply, innervation,
and unique harmonic action. Muscle types of diaphragm
fibers consisted of slow type I (fatigue resistant) and fast
type II fibers equally [1]. The diaphragm has the ability
to work in slow and fast conditions.

Diaphragm originates from the mesoderm layer in 4-12
gestation weeks of embryogenesis life. It consists of 4
components, Transverse Septum (TS), Pleuroperitoneal
Fold (PPF), Esophageal Mesentery (EM), and Muscular
Body Wall (MBW). Figure 3 shows the embryonic de-
velopment of the diaphragm. The TS is a central tendon
of the diaphragm, developed from dense collagen fibers.
It supports the heart. The MBW attaches to the rib cage
in the lower 6 ribs, and the main part of the diaphragm
that acts on the outward displacement of the thorax and
abdomen. Its function can increase lung volume and
abdominal pressure. Morgagni (10%) and Bochdalek
(90%) congenital hernias develop from a defect in the
fusion of TS with the MBW and PPF, respectively [2,
3]. Hiatuses are the normal opening foramina into the
diaphragm. They cause the pass of Inferior Vena Cava
(IVC hiatus), esophagus hiatus, and aortic hiatus. Figure
4 presents the anatomical position of the diaphragm.
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Figure 1. A plain chest X-ray of the study patient
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Figure 2. The conventional CT scan features of diaphragmatic paralysis evidence, coronal and sagittal views

The diaphragm is an important and the primary
ventilatory muscle, providing 80% of the respiratory
working of normal tidal breathing volume, a physical
barrier separating the abdomen from thoracic cavities,
and inducing negative pressure in the pleural space as
a thoracoabdominal pump. In addition, it affects car-

Figure 3. The embryogenic development of the diaphragm (reprinted from Google)

diac functions, venous and lymphatic return, indirectly
assists with numerous physiological activities, such as
emesis, urination, defecation, gastroesophageal reflux
prevention, as well as the regulation of emotional state
and pain threshold. However, the diaphragm supports
maintaining lumbospinal stability through raised in-
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Figure 4. The anatomical position of the diaphragm (reprinted from Google)

traabdominal pressure and has an anatomical connec-
tion with a spinal column by crural fibers [4]. Standard
chest X-ray disclosed the more extended dome of the
right hemidiaphragm, compared to the left side. More-
over, it declared the anterior and median portion of the
diaphragm were higher than the median and posterior
sides. Both domes supported the lung bases.
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Diaphragmatic Dysfunction (DD) applies to any etio-
logic causes that may interfere with innervation, mus-
cle function contraction, and any disorder's effect on
the mechanical chest mechanism [5]. The DD accounts
for eventration, partial muscle loss function (weak-
ness), and the diaphragm paralysis.
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Figure 5. The ZOA position in relation to the rib cage and the diaphragmatic ultrasonography results (reprinted from Google)
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Figure 6. The schematic paradoxical movement of the diaphragm (reprinted from Google)

Palsy or paresis (weakness) and paralysis occur in
some muscle fibers and whole neuromuscular axis, re-
spectively. Weakness is the loss of partially muscle fiber
that cannot produce adequate muscle pressure for venti-
lation. Paralysis is the total loss of the ability of pressure
generation in diaphragmatic muscle. Eventration is the
congenital thinning of diaphragmatic muscle and the in-
volved segment. It is more common in the anterior and
medial portions of the diaphragm and the right-sided.

Diaphragm’s attachment area to the rib cage is called
the Zone of Appositional (ZOA). Figure 5 manifests the
ZOA position concerning the rib cage as well as the view
of diaphragmatic ultrasonography results. It includes the

Figure 7. The ultrasonography of diaphragmatic paralysis features (reprinted from Google)
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muscle insertion of the xiphoid process, the lower 6 rib
cartilages, and two first lombovertebral bodies [6]. It
composes 40% of the rib cage and 60% of diaphragmatic
muscle at end-expiration [7]. It has two major forces; in-
sertional and oppositional ones. The first force exerts the
pressure on the attachment of diaphragmatic muscles in
the rib area cage, and the second force is generated by
abdominal pressure that transmits to the ZOA. They are
balanced in residual functional volume. Some diseases
could affect the directions and pressure amount of recent
forces, like Chronic Obstructive Pulmonary Disease
(COPD) and quadriplegia. Inconsequently, it leads to a
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Figure 8. The transdiaphragmatic recording pressure (re-
printed from Google)

change of pleural pressure and lung expansion. Our case
was also admitted with respiratory failure.

The DD may be presented in clinical features as uni-
lateral, bilateral, or from the duration point; it could be
permanent, temporary, and intermittent. The Unilateral
Diaphragmatic Paralysis (UDP) is more prevalent than
the other types. It has less symptomatic discomfort and is
usually detected incidentally [8]. Less than 17%-20% of
UDP cases reported idiopathic [9]. It is more common on

International Journal of
Medical Toxicology & Forensic Medicine

the right side than the left side and in females. Our stud-
ied case was female with right hemidiaphragm paralysis.
The current data are compatible with the presented case.

Clinical features of DD have a strong relation with the
etiology, comorbid condition diseases, the compensa-
tion mechanism function of other respiratory muscles,
and clinical features presentation, such as unilateral or
bilateral and partial or total loss of function. The caus-
al factors of unilateral elevation include volume loss,
eventration, abdominal disease, phrenic nerve paralysis,
phrenoplasty, splinting, and mimicking false features,
like subpulmonic pleural effusion. The etiology of bi-
lateral diaphragmatic elevation may consist of phrenic
nerve paralysis, volume loss, abdominal mass effect, neu-
romuscular diseases, and connective tissue diseases, and
endocrine and metabolic diseases as electrolyte abnor-
malities and thyroid function disorders [3]. Diaphragm
malposition may be manifested as depression level. It
may be unilateral, such as pneumothorax asymmetrical
bullous emphysema, large pleural effusion, body aspira-
tion, and congenital lobar emphysema. It might also be
bilateral, including COPD, massive bilateral pleural ef-
fusion, large bilateral pneumothorax, high-pressure me-
chanical ventilation, cystic fibrosis, pulmonary histiocy-
tosis X, and lymphangioleiomyomatosis3.

Unilateral Diaphragmatic Dysfunction (UDD) is usu-
ally asymptomatic in the clinic. The patient may com-
plain of exertional dyspnea, orthopnea, and susceptibil-
ity to respiratory infection (diaphragm immobility). Our
studied case reported a history of recurrent pulmonary
infection and a diabetes mellitus background. Bilateral
Diaphragmatic Paralysis (BDP) may be associated with
respiratory failure, hypoxemia, hypoventilation, and
sleeping disturbance that may gradually lead to right-
sided heart failure [10].

Evaluating DD is suggested by one or several of the
following tests: chest x-ray, fluoroscopic test, thorax ul-
trasound, chest computed tomography, Pulmonary Func-
tion Test (PFT), Maximum Inspiratory Pressure (MIP),
and transdiaphragmatic pressure.

PFT discloses diaphragmatic paralysis and diaphrag-
matic palsy. Spirometry is performed in sitting and supine
positions; differences in vital capacities are measured
concerning patient predicted. Suggested spirometry data
include UDP (VC>70% and decreased supine position
>15%) and BDP (VC<50% and decreased supine posi-
tion >30%) 5. CT scan is carried out for detecting the
pathological causes of DD. It is performed in inspiration
and expiration efforts.
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Fluorescent test or sniff test is among the oldest tech-
niques for the visualization of diaphragmatic movement
and requires patient’s cooperation. It has a risk of ion-
izing radiation, performing in the supine position, and
intoleration by the bilateral DP with orthopnea. Patients
with DP demonstrate no movement in inspiration in the
opposite direction (paradoxical) in sniff maneuver. Fig-
ure 6 represents the schematic paradoxical movement of
the diaphragm.

MIP is generated against the closed mouthpiece. It
presents the forces of all respiratory muscle actions.
MIPs >80cms exclude the DP. MIPs >60-70 and <40 cm
suggest the UDP and BDP, respectively [5].

Ultrasonography is a new technique of diaphragmatic
thickness evaluation with feasible execution and porta-
bility, particularly in the ICU. It performs by M-mode
and 7.5 Hz linear convex probe for evaluating excursion
and B-mode (3.5 Hz) for measuring the thickness. The
diaphragm is presented with three layers in ultrasound;
one non-echogenic (diaphragm) in the middle zone and
two echogenic (premium and plural) ones in the outer
zone. Thickness <15 mm or thickness fraction (TF%)
>20 are cutoff points suggesting diaphragmatic weak-
ness (Figure 5) [11]. Figure 7 displays the ultrasonogra-
phy of diaphragmatic paralysis features.

Transdiaphragmatic pressure (Tdpdi cm H,0) mea-
surement is an invasive technique. It estimates the pres-
sure difference between gastric (intraabdominal pres-
sure) and esophageal (intrathoracic pressure) parts and is
a gold standard test for DP evaluation [12]. The very low
or near zero pressure difference support the DP presence.
Tdpdi >70 and <40 cm H,O reveal the UDP and BDP,
respectively, 5 [13]. Figure 8 demonstrated the transdia-
phragmatic recording pressure.

Treatment of DP is recommended with inspiratory
muscle training. UP may not require any treatment and
most of them recover during the time; however, they may
rarely require an advanced stage to nocturnal breathing
support and plication surgery.

BD Weakness (BDW) patients may be required to use
positive-pressure ventilation based on the reconstruc-
tion. The most advanced BDW conditions are supported
by tracheostomy and mechanical ventilation. Selected
patients with intact phrenic nerve are candidates for
phrenic nerve stimulation technique.

Winter 2020, Volume 10, Number 1

4. Conclusion

Unilateral diaphragmatic paralysis is among the less
commonly considerable clinical conditions. It can cause
misinterpretations in clinical judgment. However, it also
causes comorbid diseases and is associated with some
degree of respiratory failure in the long-term.
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