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Abstract

v

Purpose: Both the parallel use of intensive care
unit (ICU)-ventilators and ventilators dedicated
to non-invasive ventilation (NIV), as well as the
construction of some expiratory valves in single
circuit breathing tubes may lead to misconnec
tions which are potentially fatal for the patient.
Methods: We demonstrate first a case of a mis-
connected expiratory valve in a patient with inva-
sive home ventilation. In a second case, the mis-
taken connection of a non-invasive ventilator to
an endotracheal tube leading to carbon dioxide
(CO,)-rebreathing is demonstrated. A third case
describes a patient with home non-invasive ven-
tilation who had been delivered a non-vented
mask out-of-hospital, likewise leading to CO,-re-
breathing.

Conclusion: Human error is the main reason for
critical incidents in medicine and the most seri-
ous unintended events often involve mechanical
ventilation. A regular instruction of medical staff
and patients is necessary. The demonstrated mis-
connections are examples of latent errors “wait-
ing to happen”. To prevent these errors from
being made in the future, technological solutions
similar to the aviation effort to improve safety are
needed.

Zusammenfassung

v

Hintergrund: Die Kompatibilitdt verschiedener
Beatmungssysteme untereinander ist problema-
tisch und kann zu Zwischenfillen fithren. Dies be-
trifft sowohl die parallele Verwendung von Venti-
latoren fiir invasive wie nicht-invasive Beatmung
(NIV) als auch Beatmungszubehor (Tuben, Aus-
atemventile).

Methode: Anhand von 3 Fallberichten werden
Beatmungszwischenfille durch Kompatibilitats-
probleme demonstriert.

Ergebnisse: In einem ersten Fall berichten wir von
einer Patientin mit auRerklinischer Beatmung,
die sich nach Schlauchdiskonnektion falschlicher-
weise an die Ausatemoffnung des Exspirations-
ventils rekonnektiert hat. Im zweiten Fall fiihrte
die falschliche Konnektion eines NIV-Beatmungs-
gerdtes an einen Endotrachealtubus zur CO,-
Riickatmung. Der dritte Zwischenfall beschreibt
einen Fall, bei dem ein Patient mit nicht-invasiver
Heimbeatmung versehentlich mit einer Maske
ohne Ausatemventil versorgt wurde.
Schlussfolgerungen: Menschliche Fehler sind ein
Hauptfaktor fiir kritische Zwischenfélle in der
Medizin und die gravierendsten Ereignisse betref-
fen die Beatmungsmedizin. Bei den hier gezeigten
Moglichkeiten zur Fehlkonnektion besteht kon-
struktionsbedingt stets die Gefahr, dass die Fehler
auftreten. Neben intensiver Schulung von Patien-
ten, Angehorigen und medizinischem Personal
halten wir auch technische Lésungen fiir erforder-
lich.

Objective

v

More than a million patients admitted to critical
care beds within the United States receive mecha-
nical ventilation annually, usually for just a few
days [1]. It is expected, that the incidence of me-
chanical ventilation projected to the year 2026
will increase by about 80 % due to aging baby boo-
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mers [2]. A lot of patients undergo intubation and
invasive ventilation but we have learned, that the
application of non-invasive ventilation (NIV) may
significantly improve the outcomes of selected

* Contents of this article have been reported in part at the
annual meeting of the German respiratory society April
2011 in Dresden.
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patients with respiratory failure, decreasing the need for endo-
tracheal intubation and reducing mortality [3]. In an European
survey of 2008 [4] NIV utilisation at ICU was estimated to be 53
% among pulmonologists and 34% among intensivists/anesthe-
siologists, with the oro-nasal mask being the most frequently
used interface.

In recent years, an increasing number of patients have been reg-
istered using home mechanical ventilation (HMV). The preva-
lance of HMV was estimated to be 6.6/100,000 in the 16 Euro-
pean countries surveyed in the Eurovent Study in 2002 [5]. The
underlying diseases in the 21,526 represented HMV users were
chronic obstructive pulmonary disease (COPD), restrictive dis-
orders and neuromuscular disorders. HMV became feasible due
to advances in technology enabling the production of safe and
mobile ventilators [6].

For ventilatory support, dedicated ventilators for acute NIV and
ICU-ventilators with NIV settings were used with almost equal
distribution rates, although NIV-ventilators tend to have some
technical limitations [7]. Various ventilators for invasive and
non-invasive ventilation have been developed, some of which
are suitable for both, ventilation via an endotracheal tube or
non-invasive ventilation via mask.

Characteristic of bilevel devices designed for NIV is the applica-
tion of a single circuit ventilation system. The advantage of single
circuits is their lower weight compared to double circuit systems
of ICU-ventilators and a simpler handling, which is particularly
important for the out-of-hospital care of ventilated patients.
Invasive ventilation with a single circuit ventilation system re-
quires an expiration valve. In most cases, this expiration valve is
located within the tubing circuit of the ventilator. The use of both,
ICU-ventilators and NIV-ventilators as well as the use of ventila-
tors capable of delivering invasive and non-invasive ventilation
within one ICU or weaning unit, can provoke application errors
by mixing up these different tubing respective valve systems,
particulary if concepts of the applied ventilator and tubing sys-
tems are not understood by caregivers. Furthermore, the expira-
tory valves of some single-circuit breathing tubes carry a risk for
faulty usage. In this instance patients can put themselves at risk
when reconnection to the ventilator is being performed without
help of a caregiver, especially at night. A spectrum of potential
errors is demonstrated by the following three cases.

Material and methods:

v

Case 1

Case 1 involves a 67-year-old female nursing home resident under
treatment with home invasive mechanical ventilation for COPD.
The patient had been ventilated for 24 hours per day by a home
care ventilator (VS Integra, Resmed Ltd, NSW, Australia) with an
inspiratory pressure of 30 mbar, an expiratory pressure of 5 mbar
and a respiratory rate of 20/min (assisted pressure controlled
ventilation).

The patient mobilized herself independently from bed to chair,
which lead to the disconnection from the extension tube. Discon-
nection from the breathing tube is a common phenomenon
which can occur frequently. The patient had been ventilated
long-term and was experienced, so she did not call for help.
Nevertheless, she made the mistake of reconnecting the exten-
sion tube, not to the breathing tube, but to the expiratory valve
(© Fig.1). Consequently, the patient was no longer ventilated.
The nurses were alerted by the alarm of the ventilator, however

Fig.1 aBreathing tube with active expiration valve (white) and extension
tube. b Misconnection by combining the extension tube directly to the ex-
piration valve, thereby interrupting the ventilation. c A technical solution
preventing misconnection of the breathing tube.

on arrival the patient was already unconscious and pulseless.
After correct reconnection of the breathing tube and a brief peri-
od of resuscitation, the patient was successfully revived.

Case 2

A second critical incident was caused by the possible connection
of a ventilator for non-invasive ventilation to an endotracheal
tube at a weaning unit. A 65-year-old patient underwent a pneu-
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Fig.2 Misconnection of a ventilator designed for non-invasive ventilation
to the extension of an endotracheal tube. The ventilator tube has no expi-
ration valve, so that rebreathing of CO, occurs.

monectomy following a diagnosis of lung cancer. The patient was
long-term ventilated following post-operative complications and
was transferred to our weaning centre. After 30 days of ventila-
tion, decannulation was possible. Because of the prolonged peri-
od of invasive ventilation, non-invasive ventilation (Ventimotion,
Weinmann Inc., Hamburg, Germany) was immediately initiated,
although the carbon dioxide (CO,) was not elevated. Due to a re-
spiratory infection, the condition of the patient deteriorated over
the following 5 days, so that invasive ventilation and re-trache-
otomy became necessary. The invasive ventilation was inadver-
tently performed with the bilevel ventilator, which is only ap-
proved for non-invasive ventilation. This ventilator device
operates with a single circuit system and a so called leaky valve
instead of an expiration valve. This can lead to severe rebreathing
of the expired gas when connected directly to an endotracheal
tube without the use of a leaky valve. © Fig.2 demonstrates
how easily this faulty connection can be performed. Ventilation
in this way, with an oxygen (0,) supply of 41/min without the
elimination of CO, led to excellent oxygen delivery (partial pres-
sure of oxygen (pO,) 253 torr (33.73 kPa), O, saturation 100 %) but
an immediate marked increase of partial pressure of carbon
dioxide (pCO,) to 104 torr (13.87kPa) (pH 6.9) and 40 minutes
later to 165torr (22kPa) (pH 6.8). Additionally, a severe meta-
bolic acidosis developed (BE -19.8). The appearance of a meta-
bolic acidosis is characteristic of severe hypercapnea as previous-
ly documented in apnea ventilation [8-9]. Upon realisation of
the misconnection and exchange to an appropriate invasive ven-
tilator (VS Integra, ResMed Ltd, NSW, Australia), normocapnea
was quickly restored. Despite the pronounced hypercapnea, no
adverse events were evident and the patient was subsequently
successfully weaned from the ventilator.

Case 3

The danger of compatibility between non-invasive ventilator-
tubing systems and endotracheal tubes extends further to the
connectivity of non-invasive ventilators with non-vented masks
(masks without a leaky valve). The third case involves a patient
receiving nocturnal non-invasive ventilation for more than three
years due to chronic ventilatory failure as a consequence of
chronic obstructive pulmonary disease. A new mask was ordered
and delivered to the patient’s home. A non-vented mask was mis-
takenly delivered, leading to rebreathing and hypercapnea
resulting in a respiratory emergency. Blood gas analysis upon
hospital admission showed a pCO, of 104 torr (13.87 kPa) with a
markedly elevated pO, - the typical constellation seen in cases of
rebreathing of oxygen enriched air. © Fig.3 demonstrates the
possibility of connecting a ventilator system which requires a
leaky valve in the tubing system or as part of the mask, directly
to a non-vented mask, facilitated by the use of an adapter. As
mentioned, this results in CO, rebreathing. In addition, the con-
nection of a breathing tube with an expiratory valve to a vented
mask can result in greater leakage and therefore insufficient ven-
tilation.

Discussion

v

We present a case series of serious incidents in different situa-
tions of ventilator medicine that lead to near fatal incidents. In
the last few years there have been an increasing number of publi-
cations addressed to the field of medical errors and incidents
[10].

Health care quality problems are classified into 3 categories:
underuse (failure to provide a necessary health care service),
overuse (e.g. prescribing antibiotics for viral infections) and mis-
use. The demonstrated cases represent misuse problems which
could have been preventable [11]. Most of the errors are latent
errors, “waiting to happen”, arising from poorly designed proces-
ses, systems of care or, like in our examples, the result of techni-
cal systems which do not have the safeguards to prevent such in-
cidents from occurring.

The likelihood of an incident that will injure a patient has been
examined in the past and was at least 3.7 % of all hospitalizations.
Nearly 30% of these adverse advents were due to negligence.
Negligence was associated with more severe adverse effects. In
total 50% of the deaths due to adverse events were caused by
negligence [12]. In summary about 100.000 patients are estimat-
ed to die as a consequence of preventable incidents annually in
hospitals in the United States, with many more incurring injuries.
Under-reporting of adverse events is estimated to range from
50-96%. The frequency of medical accidents exceeds the com-
bined number of deaths and injuries from motor vehicles, air
crashes, suicides, falls, poisonings, and drownings [13]. In fact
human errors contribute from 63% [14] to 80% of critical inci-
dents in medicine [15]. In one study human errors prolonged
ICU stay by 425 patient-days, amounting to 15% of ICU time [16].
Further studies have identified unintended events mainly in-
volving airway management, mechanical ventilation [17] and
equipment [18].

In the following discussion, we would like to make some propo-
sals for solutions that prevent incidents and serve to increase the
safety of ventilated patients.
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Fig.3 This picture demonstrates a non-invasive ventilation system which requires a vented mask (with expiration valve). The ventilator has been connected to
a non-vented nasal mask (blue articulation piece) (left). An adaptor is needed (red arrow) as the manufacturer of the ventilator inhibits misconnections without
the use of additional connecting devices (right).

In the first case the near fatal incident was provoked by the abili-
ty to misconnect the breathing tube, although there is no techni-
cal need for the breathing tube to be compatible with the expira-
tory valve. One has to expect, that patients or relatives may try to
reconnect breathing tubes following disconnection and that
there is a chance to make mistakes. For this reason, extra precau-
tion must be taken to ensure that the expiration valve in a single
tube system is incorporated into the circuit in a way that makes
such a misconnection impossible.

The second case demonstrates a critical incident caused by the
compatibility between circuit systems used for non-invasive ven-
tilation with those used for invasive ventilation. Invasive ventila-
tion of patients with a pure non-invasive ventilator leads to ex-
cessive CO,-retention by means of rebreathing. Enquiries to other
hospitals and home care providers suggest that similar incidents
involving this connectivity of invasive and non-invasive-ventila-
tory devices have taken place, although official data are missing.
The first lesson that could be learned from the second case is that
the simultaneous use of ventilators for invasive ventilation and
those for non-invasive ventilation may lead to a dangerous mix-
up. In this regard, the use of ventilators that are able to offer both
invasive and non-invasive modes might complicate the situation
further. Therefore we recommend a clear separation between in-
vasive and non-invasive ventilators. For this reason in our centre,
we use ventilators that are approved for both modes exlusively
for invasive or non-invasive ventilation. Technical solutions are
needed in order to avoid misconnections from occurring.

The second lesson that can be learned is that even marked hyper-
capnia could only be detected by measuring CO,. The oxygen
saturation in our case remained high, thus being an inappropri-
ate instrument to detect hypercapnia when additional oxygen is
administered. There are three essential techniques to measure
CO, and therefore the effect of ventilation: by blood gas analysis,
by end-tidal CO, concentration or by transcutaneous measure-
ment [19]. Therefore we recommend routine measurement of
CO, not only inside the ICU but also in the home care setting of
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ventilated patients, using a method appropriate to the given set-
ting.

The third case demonstrates an inappropriate connection of
vented and non-vented masks to ventilators. Some manufactu-
rers design the connection between the mask and tubing (‘the
elbow piece’) of vented and non-vented masks in different
colours (e.g. lucent and blue) to avoid the potential mix-up of
vented and non-vented systems. However, as this elbow piece
fits to both types of masks, the error still has the potential to
occur, especially after removing this piece to clean the mask.

The example demonstrates that small changes in the HMV equip-
ment may have serious effects on the outcome of a patient. A reg-
ular check-up especially after replacement of ventilator equip-
ment, such as a mask, is recommended.

One may argue that incorrect use of medical equipment and
therefore the human factor rather than technical problems is the
main reason for the critical incidents in this case series. Thus it
could be believed that improving training of nursing staff, the pa-
tient and caregivers in the use of ventilators would simply solve
the problem. Indeed, continued training is important. As pointed
out above indeed the human factor is the main reason for errors
and incidents. Remarkably, misuse of the ventilator equipment in
our cases occurred in three different situations and were caused
by three different people: the patient herself or himself, the nur-
sing staff and an employee of the home care provider. Due to the
variety of possible mistakes and the variety of parties involved in
the handling of ventilators and ventilator equipment every tech-
nical solution to prevent such incidents is of great importance.
Manufacturers should be encouraged to develop safeguards to
improve the safety of mechanical ventilation. This suggests that
a technological solution to reduce human errors in mechanical
ventilation has to be the use of “engineered safety devices” that
physically prevent errors from being made. One classic example
is the system of gas connectors that prevent a gas hose or cylin-
der from being installed at the wrong site [20].
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In summary, we present a series of critical incidents in venti-
lator medicine, all caused by the misconnection of ventilators
or masks. The increasing use of NIV-ventilators within the ICU
and in the homecare setting make incidents caused by opera-
ting errors more likely. A regular instruction of medical staff
and patients including their families is needed.

The described scenarios could have been avoided by technical
solutions making missconnections impossible to occur. Tech-
nical safeguards can prevent human error and thus manu-
facturers and providers of ventilators and ventilation equip-
ment are encouraged to develop safer systems.

Furthermore, as demonstrated, the measurement of CO, is of
great importance in the diagnosis of hypoventilation and
should therefore also be considered in selected patients with
HMV. This additional measurement of CO, after replacement
of a ventilator mask would increase patient safety in HMV.
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