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Background: Gas conditioning minimizes complications associated with invasive ventilation of neonates. Poorly conditioned gas contributes to humidity 
deficit, facilitates condensate pools, and contributes to safety events. The specific aim was to objectively quantify the temperature drop across the unheated 
portion of a neonatal circuit and the impact condensation has to resistance to flow in the ventilator circuit. 
Methods: Ventilator circuits and filters were obtained, assembled according to manufacturer recommendations, and operational verification procedures 
were performed prior to data collection. A neonatal test lung was connected to each Servo-I ventilator with the following settings: pressure control IMV 
mode; inspiratory pressure: 14 cm H2O to achieve an exhaled tidal volume of 6.0 mL; PEEP: 5 cm H2O; pressure support: 5 cm H2O, FIO2: 0.21; set 
frequency 40/min; and inspiratory time: 0.4 s. The Fisher and Paykel MR850 and ChonchaTherm Neptune heaters were set at a temperature of 40°C. 
To evaluate both systems under similar conditions, the ChonchaTherm Neptune heater humidity control was set to midline. Heaters were turned on 
simultaneously and given 1 h to equilibrate. Readings for room temperature, airway temperature at the patient connection, airway resistance, exhaled 
tidal volume, and direct observation of circuit condensation and (or) pooling were recorded hourly for a 48-h period. Summary statistics were calculated 
for the variables of interest. 
Results: Mean (±SD) air temperature was 26.3°C (±1.4) for the Fisher & Paykel MR850 system and 26.2°C (±1.5), for the ChonchaTherm Neptune 
system. Mean (±SD) airway resistance was 229.3 cm H2O/L/s (±81.0) for the Fisher & Paykel system and 196.2 cm H2O/L/s (±39.4) for the ChonchaTherm 
Neptune system. Mean (±SD) tidal volume for the Fisher & Paykel MR850 system was 6.5 mL (±0.4), and for the ChonchaTherm Neptune system was 
7.2 mL (±0.6). 
Conclusion: Circuit condensate increased tidal volume delivery and airway resistance. Temperature at the patient connection was lower than the tempera-
ture monitored by the system 12 inches distally, which can negatively impact gas conditioning.
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INTRODUCTION
It is important to condition inhaled gases by humidifying and heating 
the gas to body temperature to minimize complications associated 
with invasive mechanical ventilatory support of critically ill infants 
and children. Inadequate gas conditioning may lead to progressive 
airway dysfunction and systemic effects, depending on the degree of 
under-humidification and coolness, the exposure time, and the under-
lying disease [1]. Delivery of cooled (inspired temperatures less than 
31.5°C) humidified inspired gas can negatively affect the isothermal 
boundary and contribute to airway obstruction, bronchospasm, dis-
ruption of the bronchial epithelium, hypothermia, and redirected 
caloric intake [2, 3]. Inadequately humidified gases delivered to intu-
bated preterm infants can impair surfactant activity, decrease func-
tional and residual capacity, and significantly compromise pulmonary 
mechanics [4].

Delivery of poorly conditioned gases increases the propensity for con-
densation pools to form in the ventilator circuit, which can increase 
resistance to flow through the circuit and the risk of accidental lavage. 
Adverse events due to accidental lavage from potentially contaminated 
circuit condensation include hypoxemia, microbial contamination of 
the lower airway, and life-threatening episodes of bradycardia requiring 
cardiopulmonary resuscitation [5]. 

The design of neonatal ventilator circuits differs from those used 
for adults and pediatric patients. Pediatric and adult heated wire venti-
lator circuits position the temperature probe near the patient connec-
tor and have the heated wires extend through the inspiratory limb. The 
temperature probe on neonatal circuits is distal to an unheated por-
tion of tubing that attaches to the patient connector. The 12-inch seg-
ment of unheated corrugated tubing on the inspiratory limb of the 
circuit separates the temperature probe and remainder of the heated 
wire circuit from the patient connector. This 12-inch segment is needed 
to provide sufficient tubing length to position an infant or neonate in 
an incubator, or to facilitate kangaroo care (skin to skin holding with a 
caregiver). It also keeps the temperature probe away from the influence 
of the overhead heating element when a radiant warmer is used to 
maintain the infant or neonate’s neutral thermal environment [6]. 
There is little published data on the effect the design of a neonatal 
circuit has on the delivery of inspired gas temperature, the condensate 
collection in the ventilator circuit, and the effect on the infant’s resis-
tive work of breathing. 

The specific aim of this research was to objectively quantify the 
temperature drop across the unheated portion of a neonatal circuit 
and impact condensation has to resistance to flow in the ventilator 
circuit.
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METHODS
Equipment preparation
The two different proprietary heater and ventilator circuits, commer-
cially available for use in the United States, were tested in parallel. The 
Evaqua (Fisher & Paykel Healthcare, Irvine, CA) and Hudson (Teleflex 
Medical, Research Triangle Park, NC) circuits were connected to propri-
etary heaters, Fisher & Paykel MR850 and ChonchaTherm Neptune, 
respectively, and attached to a Servo-I Ventilator (Getinge, Inc., Wayne, 
NJ). An operational verification check, which includes a circuit tubing 
compliance check, was performed prior to the commencement of data 
collection. The ventilator parameters were representative of those 
reported in the literature during invasive ventilation of a preterm infant. 
The ventilator parameters [7] were adjusted with the intent of ventilating 
a premature infant weighing 1000 g (Table 1). 

The NeoLung® (Ingmar Medical, Pittsburgh, PA), a neonatal test 
lung, was attached to each patient connection to maintain a closed cir-
cuit. The Fisher and Paykel MR850 heater and the ChonchaTherm 
Neptune were set to deliver a temperature of 40°C. Since the Fisher and 

Paykel MR850 heater does not have humidity control, the humidity 
adjustment for the ChonchaTherm Neptune was set to midline. The 
heaters were turned on at the same time and given 1 h to equilibrate on 
the operator-set ventilator parameters prior to data collection.

Data collection and analytical plan
Hourly readings for room temperature, airway temperature, airway resis-
tance, exhaled tidal volume, and direct observation of circuit condensa-
tion and (or) pooling were recorded for a 48-h period. 

A digital thermometer was used to obtain room and airway tempera-
ture. The thermometer was then inserted in the ventilator circuit and 
placed proximal to the test lung at the patient connector prior to obtain-
ing the reading.

Exhaled tidal volume and expiratory resistance values were obtained 
from each respective ventilator. The expiratory hold feature on the 
Servo-I was used to obtain airways resistance prior to draining circuit 
condensation. After noting the presence or absence of condensation in 
the circuit, the circuit was shaken and drained. 

Data were collected and stored in Excel (Microsoft, Inc., Redmond, 
CA). Examination of the data included calculation of summary statistics 
for each of the variables of interest as well as graphical representation of 
temperature and resistance behavior over time by the creation of individ-
ual and moving range control charts (I-MR charts). 

RESULTS
The two consecutively executed experiments resulted in 48 data points. 
The mean (±SD) temperature of the room, in which this investigation 
was conducted was 22.1°C (±1.2) with a full range of 20.4 – 24.8°C. 
The mean (±SD) air temperature was 26.3°C (±1.4) for the Fisher & 
Paykel MR850 system (Figure 1). The ChonchaTherm Neptune system 

FIGURE 1
Individual and moving range chart displaying temperatures recorded hourly in °C using the Fisher and Paykel MR 850 
heating system. Temperatures displayed in red with a black indicator marker above the datapoint represent those that 
exceeded the upper confidence limit.

TABLE 1
Ventilator settings used for the experimental design

Mode:
Pressure control intermittent 
mandatory ventilation

Inspiratory pressure: 14 cm H2O (delivering an exhaled VT of 
approximately 6 mL)

PEEP: 5 cm H2O
FIO2: 0.21
Mandatory rate: 40 breaths/min
Inspiratory time: 0.4 s
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delivered a mean temperature (± SD) of 26.2°C (±1.5) (Figure 2). The 
mean (±SD) airways resistance was 229.3 cm H2O/L/s (±81.0) for the 
Fisher & Paykel MR580 system (Figure 3) and 196.2 cm H2O/L/s 
(±39.4) for the ChonchaTherm Neptune system (Figure 4). The mean 
(±SD) tidal volume for the Fisher & Paykel system was 6.5 mL (±0.4), 
and for the Hudson system was 7.2 mL (±0.6). Raw data collected 
hourly for measured temperature and airway resistance are shown in 
Table 2. 

I-MR charts were created for each system to facilitate review of behav-
ior of temperature and air resistance over time. The Fisher & Paykel 
MR850 temperature chart reveals that set temperature was not met 
during the experiment. There was one out-of-control point observed in 
the moving range and two in the individual chart. Also, there were two 
runs observed, one of 13 points below the mean and one of eight above 
in the individual chart, indicating shifts. No increasing or decreasing 
trends or astronomical points were noted. Airway resistance exhibited 
out-of-control points in the moving range (one point) and individual 
charts (two points). There were no shifts, trends, or astronomical points 
noted in the individual chart. 

The temperature chart for the ChonchaTherm Neptune system 
shows that the set temperature was also not met during the course of the 
experiment. There were two out-of-control points observed in the mov-
ing range chart and 11 in the individual chart, indicating the process was 
not in control. In addition to being out of control there were two runs 
noted, one of 11 points above the mean and one consisting of 13 points 
below the mean in the individual chart, indicating shifts. No trends 
or astronomical points were noted. Airway resistance exhibited no out-
of-control points in either chart, nor were there runs, trends, or astro-
nomical points noted in the individual chart. 

Both systems exhibited lack of concordance with set temperature, 
shifts in temperature, and points of instability where processes were out 
of control temporarily, possibly indicating special cause variation of 
unknown source. 

DISCUSSION
The bench test confirmed it was difficult to maintain satisfactory tem-
perature, resulting in increased airway resistance and variations in tidal 
volume delivery. The delivery of adequately conditioned gases reduces 
the risk of airway occlusion, and reduces the risk of heat loss, insensible 
water loss, drying and thickening of bronchial secretions, cilia dysfunc-
tion, infection, airway plugging, bronchospasm, pneumothorax, and 
chronic lung disease [7]. Visual examination of I-MR charts (Figures 1 
and 2) reveals the minimal variation in individual measures and moving 
ranges for airway temperatures delivered by the Fisher and Paykel MR 
850 and ChonchaTherm Neptune systems, respectively. It is important 
to note that both systems delivered mean temperatures to the patient 
connection that were 11°C below the target temperature. Jardine, et al. 
[8] found that although there was a slight temperature drop from the set 
temperature of 40°C at the servo-controlled active heater, the target tem-
perature of 37°C was attained at the proximal end of the endotracheal 
tube when the unheated portion of the ventilator circuit was removed. 
The 12-inch unheated section significantly reduces temperature delivery 
to the patient’s artificial airway and subsequently lowers the absolute 
humidity [6]. This delivers inspired gas temperatures and humidity that 
is below the accepted standard of care for preterm infants requiring 
mechanical ventilatory support [9]. 

A relatively larger variability of air resistance was observed with the 
Fisher & Paykel MR850 system compared with the ChonchaTherm 

FIGURE 2
Individual and moving range chart displaying temperatures recorded hourly in °C using the ChonchaTherm Neptune 
heating system. Temperatures displayed in red with a black indicator marker above the datapoint represent those that 
exceeded the upper or lower confidence limits.
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FIGURE 3
Individual and moving range chart displaying hourly airway resistance values, recorded in cmH2O/L/s, using the Fisher and 
Paykel MR850 heating system. Values displayed in red with a black indicator marker above the datapoint represent those 
that exceeded the upper or lower confidence limits.

FIGURE 4
Individual and moving range chart displaying hourly airway resistance values, recorded in cmH2O/L/s, using the 
ChonchaTherm Neptune heating system. Values displayed in red with a black indicator marker above the datapoint 
represent those that exceeded the upper confidence limit.
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Neptune. Mean and moving average values for airways resistance 
were higher for the Fisher & Paykel system, and more variability in indi-
vidual measures was noted. Differences in airway pressure may be 
attributed to circuit design. The Hudson system has a water collection 
trap incorporated into the expiratory limb of the circuit. The patient 
connector for the Fisher & Paykel MR850 system is round and has a 
ridge or channel where the inspiratory and expiratory limbs attach. This 
design facilitated condensate collection, which is difficult to detect. 
Tidal volume delivery was also noted to be higher than the desired deliv-
ered tidal volume for both heating systems. The literature reports deliv-
ery of pressures higher than that set by the operator when condensate is 
noted in the expiratory limb of neonatal ventilator circuit [10]. Excessive 
pressure delivery contributes to higher than desired delivered tidal 

volumes that can compromise patient safety by over distending alveoli 
[11], impeding venous return, and causing hemodynamic instability [12]. 

Fluctuation in tidal volume (VT ) seen with pressure control ventilation, 
may not have been as pronounced if a dual control or volume targeted mode 
of ventilation such as pressure regulated volume control ventilation were 
used. Although the use of dual control or volume targeted modes of ventila-
tion provide a more stable tidal volume in the face of factors that impact 
pressure and tidal volume delivery such as endotrachial tube leaks, humidifi-
cation, ventilator circuit compliance, and airway secretions, its use remains 
controversial in smaller infants, especially when the lung compliance of the 
patient is less than that of the ventilator circuit [13, 14]. 

Positioning of the ventilator circuit may have an impact on the 
changes in resistance and tidal volume delivery. Visual inspection of the 

TABLE 2
Comparison of hourly readings for temperature, airway resistance and tidal volume for each of the active humidification 
systems used

Hour

The Fisher 
and Paykel 

MR850 recorded 
temperature (°C)

ChonchaTherm 
Neptune recorded 
temperature (°C)

The Fisher and Paykel 
MR850 recorded airway 
resistance (cm H2O/L/s)

ChonchaTherm 
Neptune recorded 

resistance (cm 
H2O/L/s)

The Fisher and 
Paykel MR850 
exhaled tidal 
volume (mL)

ChonchaTherm 
Neptune recorded 

exhaled tidal 
volume (mL)

1 26.8 28.5 170 193 7.3 8.4
2 25.9 27.5 265 246 7.7 7.8
3 24.3 29.1 274 223 7 7.8
4 24.8 28.7 185 208 7 6.9
5 25.7 26 151 179 6.7 7.1
6 25 25.8 197 235 7.1 7
7 27.8 27.7 239 238 7 7.4
8 25.5 27.3 202 222 7.2 7.2
9 25.1 27.4 230 212 7.1 6.3
10 24.6 27.3 180 182 6.9 6.3
11 24.3 27.1 164 266 6.4 6.8
12 25.3 29 99 233 7 6.9
13 25.1 28.4 158 319 6.7 6.2
14 25.4 27.6 145 218 6.4 6.8
15 24.3 27.5 197 177 6.6 5.8
16 24.9 28.4 142 259 6.2 6.9
17 24.4 28.2 72 269 6.5 6.7
18 24.2 25.8 193 203 6.4 6.6
19 25 27.3 145 230 6.5 6.5
20 25.3 26.3 138 187 6.7 6.7
21 26.5 27.4 84 246 6.2 6.4
22 26.1 27.5 177 234 6.3 6.7
23 25 26.3 162 229 6.1 6.7
24 24.8 26 208 182 6.5 7
25 30.2 28 222 198 6.2 6.5
26 29.4 24.4 348 155 6.5 7.8
27 26 24.6 413 206 6.2 7.3
28 27 24.2 268 154 6.5 7.9
29 27.3 24.5 265 162 6.6 7.8
30 26.7 24.7 297 187 6.3 8
31 27.3 25.4 256 163 6.2 7.9
32 28.4 26.6 215 157 6.9 8.1
33 26.7 25.2 252 168 6.2 7.7
34 27.2 25.2 275 148 6.2 8
35 28.7 25.6 304 184 6.7 7.9
36 26.4 26.2 254 170 6.2 7.5
37 26.2 25.5 287 157 6.9 6.9
38 26.9 24.8 357 198 6.2 7.3
39 28.4 25.3 255 168 6.3 7.4
40 26.1 25.3 265 176 6.1 7.5
41 28.5 25.4 473 163 6.4 8.4
42 27.1 25.5 395 147 6.2 7.7
43 27.3 25.4 287 128 6 8
44 27.6 25.3 241 162 6.5 8
45 26.2 23.9 281 149 6.3 7.8
46 28.1 24.2 249 154 6.2 8.3
47 27.4 23.7 267 179 6.8 7.3
48 27.3 23.8 258 174 6.2 6.6
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Hudson circuit noted water accumulation in the water trap that, over 
time, changed the angle of the circuit, augmenting natural flow of excess 
condensation into the water trap. Since the Evaqua circuit, used with the 
Fisher and Paykel MR850 heater, did not have a water trap, condensa-
tion pools formed whose removal in the circuit was solely dependent 
upon physical draining at each hourly ventilator assessment. This differ-
ence in circuit design, allowing for natural condensation drainage, may 
have contributed to the lower airway resistance noted with the Hudson 
circuit and active heating system. The accumulation of condensate 
increases resistive loading of the infant respiratory system. The excessive 
respiratory muscle loading increases the infant’s work of breathing, 
impairs gas exchange, and can increase ventilator length of stay [15]. 
Differences in ventilator circuit design are important for respiratory ther-
apists to understand, so that quality improvement work can be devel-
oped and implemented to address problems associated with ventilator 
circuit design and improve care delivered at the bedside. 

There were limitations of this laboratory investigation. The experi-
mental design, specifically the use of different individuals assessing 
the amount of condensation and determining the need for draining 
the circuit, may have contributed to inconsistency in data collection. 
The inconsistencies that may have occurred with this experimental 
design mirror those that occur in clinical care. Evaluation of condensa-
tion in the circuit is very subjective, and although respiratory therapists 
may be trained in a uniform manner, subjectivity may still exist. Data 
collection also occurred over a brief period of time, 48 h, which limited 
the numbered data points collected. It is difficult to determine whether 
extending the data collection period would have resulted in a different 
outcome.

A statistical comparison was precluded due to study design limita-
tions: a comparison of summary measures violates independence, and 
there are not enough experimental iterations to conduct a repeated mea-
sures analysis. 

CONCLUSION
Circuit condensate increased tidal volume delivery and airway resistance 
for the Fisher and Paykel 850 system. The temperature at the patient 
connection was lower than the temperature monitored by the system for 
both the Fisher and Paykel MR850 and the ChonchaTherm Neptune 
systems at the temperature probe positioned 12 inches distally. This has 
the potential to negatively impact gas conditioning. Understanding the 
impact of condensation and circuit design have on airway conditioning 
can assist respiratory therapists in determining the process used to prop-
erly care for the patient–ventilator circuit.
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