Use of Non-Partitioned Ventilator Tubing
Results in Dead-Space Ventilation Hypercarbia
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We present a case of severe postoperative hypercarbia in a patient with severe COPD. Hypercarbia
and respiratory acidosis continued to increase despite maximal ventilation, bronchodilator therapy,
sedation, and paralysis. Mistaken use of non-partitioned ventilator circuit was the cause of the
hypercarbia. The ventilator’s self-test function failed to detect the error. We changed to a parti-
tioned-lumen circuit, with much less ventilation dead space, and the hypercarbia resolved imme-
diately. Key words: partitioned-lumen ventilator tubing; dead space; P, ; hypercarbia; COPD. [Respir
Care 2011;56(5):698-701. © 2011 Daedalus Enterprises]

Introduction

Hypercarbia results from inadequate ventilation. Typi-
cally, hypercarbia arises when the physiologic dead space
and metabolic demand cannot be met by the existing al-
veolar ventilation. CO, production increases in hypercata-
bolic states such as malignant hyperthermia and thyrotox-
icosis.!2 Pathological conditions have a minimal effect on
anatomical dead space, whereas physiological dead space
is primarily influenced by changes in alveolar dead space.?
It is important, and can be crucial, to minimize the appa-
ratus dead space of the ventilator circuit. Anesthesia-ma-
chine ventilators have a soda lime canister to absorb CO,,
but intensive-care ventilators lack this feature, so capnog-
raphy can be an important component of intensive-care
monitoring. We report a case in which capnography would
have allowed earlier identification of the cause of severe
hypercarbia and avoided unnecessary diagnostic procedures
and costs.

Case Report

A 76-year-old, 108-kg man with a history of severe
COPD, responsive to bronchodilators, underwent (under
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general anesthesia) urgent cystoscopy and urinary bladder
clot evacuation for substantial hematuria. At the end of the
2-hour procedure, he met our extubation criteria and was
extubated in the operating room, then transferred to the
post-anesthesia care unit on supplemental oxygen, at 4 L/
min via nasal cannula. Minutes after arrival in the post-
anesthesia care unit, he started to become hypoxic, tachy-
pneic, and somnolent. Conservative treatment, including
jaw thrust, insertion of a nasal airway, and changing the
nasal cannula to a non-rebreather mask, failed to achieve
any benefit. We also tried bronchodilator therapy as a last
resort despite the fact that his preoperative pulmonary func-
tion test found no response to bronchodilators. Bag-valve-
mask ventilation gave temporary improvement.

Taking into consideration his severe COPD and the de-
terioration of his condition, we decided to re-intubate and
mechanically ventilate him to decrease ventilation dead
space and work of breathing. No hypnotics or muscle re-
laxant were used, as he was unconscious and rapidly de-
teriorating at that point. Correct endotracheal tube position
was confirmed via capnography and auscultation. The ven-
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Table 1.  Ventilator Settings and Consequent Arterial Blood Gas Values*

Setting o Tidal Volume Respiratory Rate Flow P.co P.o

Number AC i (mL) (breaths/min) PEEP  Fio, (L/min) pH (mm Hzg) (mm Ing) HCO,

1 Volume controlled-SIMV 700 12 5 0.6 70 7.11 101 186 32

2 Volume controlled-SIMV 800 16 5 0.6 70 7.01 127 111 31

3 Volume controlled-assist control 800 24 5 0.6 80 7.07 112 128 32

4 Volume controlled-assist control, 900 30 5 0.6 90 7.05 120 131 32
paralyzed

5 Manual ventilation 16 1.0 7.35 46 285 25

* The ventilation-setting changes were 15-20 min apart.
SIMV = synchronized intermittent mechanical ventilation

tilator (840, Puritan Bennett, Pleasanton, California) was
initially set to synchronized intermittent mandatory venti-
lation (Table 1, setting 1). There was reasonable chest
movement with the mechanical ventilation. Within min-
utes of initiating mechanical ventilation he became in-
creasingly somnolent, with tachycardia and hypertension.
Arterial blood gas (ABG) analysis revealed severe acute
respiratory acidosis (Table 1, setting 1). We increased the
minute ventilation (Vi) (Table 1, setting 2), but the hy-
percarbia persisted. He had mild expiratory rhonchi, but
the chest radiograph showed no pertinent findings. We
administered aerosolized albuterol, changed the ventila-
tion mode to assist control, and increased the respiratory
rate to 24 breaths/min (Table 1, setting 3), but he contin-
ued to deteriorate. Analysis of the ventilator graphics in-
dicated that he was synchronous with the ventilator and
that there was no dynamic hyperinflation or intrinsic PEEP.
He continued to trigger mechanical breaths beyond the set
rate of 24 breaths/min.

We then administered additional aerosolized albuterol,
sedation (propofol infusion), and a paralytic (a bolus of
rocuronium), then increased both tidal volume and respi-
ratory rate (Table 1, setting 4) to manage the severe re-
spiratory acidemia. We kept plateau pressure below
30 cm H,O and peak airway pressure below 38 cm H,O
throughout the course of ventilation. The difference be-
tween the peak airway pressure and the plateau pressure
was 6-9 cm H,0. We frequently checked for and ruled out
intrinsic PEEP after each ventilator setting change. As
recommended by the ventilator manufacturer, we frequently
performed the “short self-test,” especially after every ven-
tilator setting change. The ventilator passed all the short
self-tests, so we ruled out ventilator malfunction. Hyper-
metabolic conditions such as malignant hyperthermia,
pheochromocytoma, and hyperthyroidism were unlikely,
because the ABGs showed pure respiratory acidemia. We
also ruled out all the expected causes of elevated CO,
production, so we concluded that the high P, was due
to rebreathing of expired gas, probably due to too much
ventilation dead space. Substantial dead space due to mas-
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sive pulmonary embolism was thought unlikely because
he remained hemodynamically stable, with a low alveolar-
arterial oxygen difference, then transesophageal echocar-
diogram ruled out pulmonary embolism.

To assess whether the problem had to do with the ven-
tilator or ventilator circuit, we disconnected the patient
from the ventilator and manually ventilated with a resus-
citation bag, and an ABG obtained 5 min later showed
substantial improvement of the hypercarbia (Table 1, set-
ting 5). After further assessment of the ventilator and ven-
tilator circuit we determined that an inappropriate circuit
type was causing rebreathing and, thus, the hypercarbia.
We immediately changed to a partitioned-lumen ventilator
circuit, then set the ventilator to assist control mode, re-
spiratory rate 14 breaths/min, tidal volume of 700 mL,
PEEP 5 cm H,O, and Fi5 0.6.! Subsequent ABGs were
within the normal range. He was then weaned and extu-
bated after 3 hours. A root-cause analysis investigation
after the incident found that our supply of partitioned-
lumen circuits was not adequate for the seasonal increase
in need, and lack of familiarity with and understanding of
the need for a partitioned-lumen circuit among our respi-
ratory therapists and house staff led to the use of an old
circuit and failure to recognize it as different from the
partitioned-lumen circuit (Fig. 1). We increased the min-
imum quantity of partitioned-lumen circuits in stock, man-
dated quarterly inspections to remove outdated supplies,
and added ventilator-management educational materials to
the respiratory therapists’ annual required competency
training.

Discussion

In our patient, who had severe COPD and was on me-
chanical ventilation, possible causes of the elevated P,cq,
included endotracheal tube obstruction, ventilator asyn-
chrony, pneumothorax, bronchospasm, dynamic hyperin-
flation, elevated expiratory resistance, and elevated alve-
olar dead space due to tachypnea or pulmonary embolus,
all of which we considered and excluded based on phys-
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Fig. 1. A: Correct connection of the circuit with a partitioned-lumen
circuit. B: Incorrect connection with an unpartitioned-lumen circuit.

ical examination and laboratory data. The next possibility
was ineffective mechanical ventilation, including ven-
tilator malfunction or incorrect assembly of the venti-
lator circuit. The traditional ventilator circuit has both
an inspiratory and an expiratory limb, which join at the
patient Y-piece. This configuration is simple, effective,
and economical, but recently there has been a move-
ment to adopt the single-tube partitioned-lumen circuit,
which keeps inspiratory and expiratory gas separate for
longer than does a unpartitioned-lumen circuit and thus
decreases dead space, decreases circuit weight on the
endotracheal tube or tracheostomy, enhances passive
humidification of the inspired gas, and decreases appa-
ratus footprint.*

We use the Limb-O partitioned-lumen circuit (Vital
Signs/GE Healthcare, Totowa, New Jersey), which is trans-
parent and has a bright blue stripe that marks the mem-
brane that divides the circuit into halves to separate the
inspiratory and expiratory lumens.* The T-piece at the
proximal end connects to the inspiratory and expiratory
outlet pilot tubing.

The single-lumen circuit that we erroneously used in
our patient had about 700 mL more dead-space volume
than a partitioned-lumen circuit, which accounted for the
patient’s almost entire tidal volume (Fig. 2). Essentially,
he was rebreathing his volume with intermittent tidal vol-
umes being delivered into a turbulent rebreathing system.
The delay in diagnosing the rebreathing could have caused
hypoxia, prolonged severe acidosis, and severe cardiac
depression.> Escalation of incorrect treatment such as mus-
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Fig. 2. A: Correct connection of the Limb-O partitioned-lumen
circuit to the ventilator. B: Incorrect connection with an unparti-
tioned-lumen circuit. Notice the color difference between the 2
circuits.

cle paralysis and increasing the Vi (which created the risk
of volutrauma) could have harmed him further.

In 2002 the Joint Commission reported a high percent-
age of death and injuries related to malfunction or misuse
of ventilator alarms, tubing disconnection, and dislodged
endotracheal tubes, which clearly supports the need for
additional monitoring of the integrity of the ventilation
apparatus.® Capnography, which is cost-effective and is
the standard of care in the operating room, has also been
adopted, but not widely, in some intensive care units and
during patient transport.”-® The key component is how to
use the information capnography provides.® In our patient,
if we had used capnography, the high inspired CO, level
could have been detected early and provided earlier man-
agement of the problem. We advocate routine capnogra-
phy use in all settings where there is even a minimal
chance of respiratory complications and when mechanical
ventilation is used.

The simple way to detect a malfunction of an anesthesia
machine or a mechanical ventilator is to disconnect the
patient from the machine and use a resuscitation bag, which
allows easy evaluation and troubleshooting of such prob-
lems without compromising patient care. We recommend
doing this at an early stage, before proceeding to unnec-
essary management options that may not be cost-effective
and may have a risk/benefit ratio that is not justified.

Our patient’s case highlights the importance of having
clinicians who not only understand the patient’s clinical
condition and ventilator management, but also the impor-
tance of clearly understanding all the patient-ventilator
interactions. We hope that this case will be part of venti-
lator malfunctions reporting that increases the awareness
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of the necessity of adopting a process-improvement pro-
tocol via error assessment and intervention.
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