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Abstract
Background: At present, there are few breathing circuits that can protect health care workers. Here, we
have developed a new disposable medical protective sputum suction breathing circuit.

Methods The main components of the structure of the novel medical protective breathing circuit are
adapter, isolation sleeve, stop sleeve, sealing cover and sealing ring. An isolation sleeve is inserted into
the conversion joint. The isolation sleeve inner sleeve has a stop sleeve with an inverted round table
structure. The upper nozzle of the adapter is provided with a sealing ring tightly combined with the lower
outer edge of the isolation sleeve, and a sealing cover is provided on the sealing ring.

Results: The device is easy to operate and can prevent the pollution caused by sputum splashing when
sucking sputum.

Conclusion: The medical protective sputum suction and breathing circuit is simple in structure, easy to
use, and can effectively protect medical staff.

Background
Respiratory circuit is a necessary equipment for mechanical ventilation of severe patients, which is used
to connect the ventilator with the endotracheal tube of patients, and plays an irreplaceable role in
providing oxygen, respiratory support and keeping the respiratory tract unobstructed1. In the process of
respiratory support, the respiratory tract will produce a large number of secretions. In order to keep
patients' respiratory tract unobstructed and maintain their ventilation function, endotracheal sputum
suction is the key measure in respiratory tract management of patients with mechanical ventilation2.
During sputum suction, patients often suffer from jet cough due to stimulation of airway mucosa, which
causes sputum and condensed water containing pathogenic bacteria to splash out, pollutes medical
staff, instruments and environment, and �nally leads to the spread of ventilator-associated pneumonia
(VAP). At present, the open sputum suction device used in clinic has no effective protective effect.
Although the closed sputum suction tube has protective function, it is expensive and inconvenient to use,
so it is only used for patients with severe infectious diseases. Therefore, in order to improve the e�ciency
of sputum suction nursing and reduce the secretion pollution caused by irritating cough, we developed a
new type of medical protective sputum suction breathing loop tube, which is convenient for airway
operation and nursing, and provides convenience for scienti�c and safe airway management.

1. The Structure Of Medical Protective Sputum Suction Respiratory
Circuit
The main components of the structure of the novel medical protective breathing circuit (Fig. 1) are:
adapter (2), isolation sleeve (3), stop sleeve (4), sealing cover (7) and sealing ring (9).



Page 3/9

The adapter includes three nozzles: upper nozzle, lower nozzle and side nozzle. The lower ori�ce (1) of
the adapter is connected with the tracheal intubation of the patient, and the side ori�ce (10) is connected
with the arti�cial nose and the ventilator. An isolation sleeve (3) is inserted into the upper nozzle, and the
bottom of the isolation sleeve is provided with cross-cross grooves (11) capable of penetrating sputum
suction tubes, the grooves and grooves are respectively located on the edges (6), and the con�uence of
adjacent edges protrudes upward along the midline of the edges to form two pressure-bearing inclined
planes (5) (Fig. 2A and 2B).

The isolation sleeve is inserted with a stop sleeve (Fig. 2C). The bottom of the stop sleeve has an inverted
cone structure, A punching hole (12) capable of punching a sputum suction tube is arranged in the
middle part of the inverted cone structure, The spacing between the inverted cone structure and the
bottom of the isolation sleeve can prevent the rear edge and the pressure-bearing inclined plane of the
sputum suction tube from turning inward into the isolation sleeve from bottom to top, and the upper outer
edge lower end face formed by the outward extension of the top of the stop sleeve coincides with the
lower outer edge upper end face of the isolation sleeve. The upper nozzle of the adapter is provided with
a sealing ring (9) tightly combined with the lower outer edge of the isolation sleeve, and a sealing cover
(7) is provided on the sealing ring (Fig. 1). Isolation sleeve, stop sleeve, sealing cover and sealing ring are
all made of soft but plastic silica gel material (Fig. 3).

In �gs. 1 and 2: 1-lower nozzle of adapter, 2-adapter, 3-isolation sleeve, 4-stop sleeve, 5-pressure bevel, 6-
rib, 7-sealing cover, 8-plug body, 9-sealing ring, 10-side nozzle of adapter, 11-groove, 12-through hole.

2. Instructions For The Use Of New Breathing Circuit
The new medical protective respiratory circuit is suitable for patients with tracheotomy or critically ill
patients with mechanical ventilation. When in use, the lower ori�ce of the adapter is connected with the
tracheal intubation of the patient, and the side ori�ce is connected with the arti�cial nose and the
ventilator. After starting the ventilator, the respiratory circuit is always in a positive pressure state. When
clearing the secretion in the respiratory tract of the patient, the medical staff directly opens the sealing
cover (7) without pulling out the adapter, and inserts the disposable sputum suction tube from the
opening of the sealing ring (9). When inserted into the groove seam (11) of the isolation sleeve, the fork
seam at the intersection point of the groove seam is separated and closely matched with the sputum
suction tube. When the sputum suction tube passes through the groove slot (11) and the stop sleeve (4)
to remove secretion, because the isolation sleeve (3) and the stop sleeve (4) exist between the sputum
suction tube and the adapter, when the patient has irritating cough, the air pressure in the trachea can
close the groove slot under the isolation sleeve. The greater the air pressure, the greater the pressure
borne by the pressure-bearing inclined plane (5), and the tighter the closure of the groove slot (11). At this
time, the patient's secretion will not splash out and pollute the medical staff and their surrounding
environment. After the operation is completed, after the disposable sputum suction tube is pumped away,
the groove seam (11) is restored to the initial closed state, and the sealing cover (7) is buckled to the
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sealing ring (9), so that the internal environment of the trachea of the patient can be isolated from the
external environment.

3. Discussion
VAP refers to pulmonary infectious in�ammation after 48 hours of invasive mechanical ventilation, which
is one of the most common nosocomial infectious diseases in patients with mechanical ventilation in
intensive care unit (ICU) 3. Relevant epidemiological studies show that the main pathogenic bacteria of
VAP are Gram-negative bacilli, with serious mixed infection and serious drug resistance. The incidence
rate is 4.5 cases/1000 mechanical ventilation days, and the mortality rate is as high as 45% in 28 days4,

5. How to effectively prevent VAP has become one of the most concerned issues in the �eld of critical
care medicine. At present, the important measure to prevent VAP by non-pharmacological methods in
clinic is to prevent cross infection, and endotracheal sputum aspiration is the main way to cause cross
infection in patients with mechanical ventilation6. Therefore, the use of appropriate sputum suction
device can effectively reduce the occurrence of VAP.

Patients with mechanical ventilation have more airway secretions due to long-term bed rest, decreased
immune function, poor ciliary activity and hyperplasia of bronchial wall glands. Therefore, it is necessary
to suck sputum regularly to remove secretions, keep respiratory tract unobstructed and prevent lung
infection. According to whether it is necessary to disconnect the connection between the respiratory
circuit tube and the patient's endotracheal intubation during sputum suction, the sputum suction methods
are divided into open and closed7. Using traditional open sputum suction, It is easy to induce patients to
have jet cough, and the sputum of patients and secretions containing a large number of pathogenic
bacteria in respiratory circuit tubes will splash out, and the splashing speed may be as high as 300km/h,
which will cause the environment several meters away around the air inlet and the surrounding operators
and equipment to be polluted, resulting in cross-infection of patients and medical staff, and aggravating
the spread of VAP. At the same time, open sputum aspiration needs to disconnect the respiratory circuit,
which may lead to temporary interruption of ventilation and oxygen supply, and easily lead to sudden
drop of airway pressure and reduction of lung volume, resulting in decrease of blood oxygen saturation8.
Compared with open sputum suction, closed sputum suction device can effectively improve oxygen
saturation, reduce clinical signs of hypoxemia, maintain positive end-expiratory pressure, reduce lung
volume loss, and prevent environment, medical staff and pollution. Hamishekar found that the incidence
of VAP in closed sputum aspiration was 12%, which was lower than that in open sputum aspiration
(20%)9. With the clinical application of closed sputum suction device, its defects are also revealed. The
sputum suction tube of the closed sputum suction system is a non-disposable item. After use, the
sputum suction tube is not washed clean, and the sputum adheres to the inner and outer walls of the
sputum suction tube, which leads to the propagation of pathogenic bacteria on the tube wall. Because it
is di�cult to replace, it falls off in the airway when sucking sputum again, resulting in secondary
pollution of the airway. In addition, after many times of sputum suction by the closed sputum suction
device, the soft catheter sheath will be twisted, which will shorten its length. The shortened catheter
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sheath prevents the catheter from completely withdrawing from the trachea, thus increasing the airway
resistance and leading to some ventilator-related complications10. Moreover, although the closed sputum
suction device tends to reduce the occurrence of VAP, the cost is high, which greatly increases the
economic burden of patients11.

In order to overcome the defects of the above-mentioned sputum suction device, we have continuously
explored it and developed a new type of medical protective breathing circuit tube, which can not only
prevent sputum splashing, but also use disposable sputum suction tube, and has independent intellectual
property rights (China National Invention Patent No. ZL 2019 1 0141806.5; China National Utility Model
Patent No. ZL 2019 20241720.5). Compared with the common respiratory circuit, this new medical
protective respiratory circuit has the following advantages: (1) It can effectively reduce cross-infection,
avoid the exposure of patients' respiratory tract and effectively reduce the occurrence of VAP; (2) It can
prevent sputum and secretion containing pathogenic bacteria from splashing, effectively protect medical
staff and ICU environment, improve the safety of nursing work and reduce the nosocomial infection rate;
(3) It is convenient for the operation examination of �beroptic bronchoscope, and at the same time, it
plays a very good protective role for the operator; (4) The price is cheap, which can reduce the medical
expenses of patients and is convenient for clinical application.

To sum up, the medical protective respiratory circuit designed by us has simple structure, low cost and
convenient use, which can not only effectively protect medical staff and ICU environment, but also control
the cross infection of pathogenic bacteria and reduce the occurrence of VAP. Therefore, it has a good
prospect of clinical application and popularization.
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Figures

Figure 1

Schematic diagram of medical protective respiratory circuit structure
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Figure 2

Schematic diagram of isolation sleeve and stop sleeve in medical protective respiratory circuit (A:
Longitudinal section of isolation sleeve; B: Bottom view of the isolation sleeve; C: Longitudinal section of
stop sleeve)

Figure 3
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Physical diagram of medical protective respiratory circuit


