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BACKGROUND: Pneumatic tube transport of blood gas samples is a common method of delivery

within a facility. The effects of pneumatic tube transport on blood gas analysis has been studied.

However, other analytes that are often assessed in blood gas analysis (eg, electrolytes, metabolites, and

oximetry) are not typically included in these studies. We sought to investigate the impact of pneumatic

tube transport on some of these other analytes. METHODS: The study was conducted at the blood

gas laboratory at the University of Utah Hospital. A split sample comparison was performed. Both sam-

ples were walked to a pneumatic tube station, where one sample was sent via tube to the blood gas lab-

oratory, while the other sample was walked back to blood gas laboratory. We examined 2 samples

from each of the 27 different pneumatic tube stations in this hospital. Results were graphed with upper

and lower control limits set to conform to acceptable College of American Pathologists proficiency test-

ing evaluation criteria. Data were compared using the Student t test. RESULTS: Differences between
walked and tubed specimens were neither clinically nor statistically significant. CONCLUSIONS:

Pneumatic tube transport of blood gas specimens is acceptable for blood gas and supplementary

analytes, as evidenced by multiple points of evaluation, including statistical analysis, clinical

judgment, and concordance with regulatory guidelines. Key words: pneumatic tube; blood gas;
quality improvement; pulmonary laboratory. [Respir Care 2021;66(10):1567–1571. © 2021 Daedalus
Enterprises]

Introduction

Pneumatic tube transport of blood gas samples is a com-

mon method of delivery to a blood gas laboratory. Prior

studies have shown acceptable levels of impact on pH and

PCO2
analysis, but results for PO2

vary based on the study,

with the consensus being that latent air bubbles or pneu-

matic tube carriers that are not pressure sealed may be

potential sources of error.1,2

What is typically unaccounted for in these studies are the

other analytes that are often assessed in blood gas laborato-

ries (eg, electrolytes, metabolites, and oximetry), even

though there are studies that highlight a potential for hemo-

lysis in samples sent via pneumatic tube.3,4 Cakirca and

Erdal5 and Tiwari et al6 reported that the use of the foam

padding and lower transport speeds may eliminate hemoly-

sis due to pneumatic tube transport.

Most of the related studies in the literature only include a

single pathway through the pneumatic tube system, such as

the pathway from an emergency department or operating

room to the blood gas laboratory or clinical laboratory. The

elevation differences within these facilities range from 15

m to 1,020 m above sea level.

This study evaluates blood gas values and the concomitant

analytes generally reported across a > 500-bed academic

medical center with multiple pneumatic tube stations. The

aim of the study was to determine the effect of pneumatic

tube transport on all reported values as assessed with our

blood gas analyzers.
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Methods

Specimen Processing

This study was conducted by the Pulmonary Laboratory

at the University of Utah Hospital from April 14–16, 2019.

The Pulmonary Laboratory is in the basement of the

University of Utah Hospital at an elevation of approximately

1,500 m above sea level. Barometric pressure ranged from

629.4 to 634.0 mm Hg and averaged 631.0 mm Hg. Blood

samples were received through normal care processes. The

institutional review board categorized the project as health

care improvement and waived the need for consent.

A split sample comparison was performed on blood left

over after patient blood gas results were reported. In 8

cases, the remaining blood sample was large enough to split

immediately. In 46 cases, the samples were pooled, tono-

metered for 20 min, and then split. Once a sample was split

into 2 separate syringes, both were walked to one of 27

pneumatic tube stations throughout the hospital, at which

time one sample was sent via pneumatic tube (SwissLog,

Buchs, Switzerland) to the blood gas laboratory, while the

other sample was walked back to the blood gas laboratory.

The average pneumatic tube system speed is 6.1 m/s.

Appropriate padding and carriers were used during trans-

port. After both samples had returned to the blood gas labo-

ratory, they were analyzed serially on the same blood gas

analyzer (Radiometer 835, Copenhagen, Denmark).

Statistical Analysis

Two samples were sent from each of 27 different pneu-

matic tube stations throughout the hospital, for a total of 54

comparison samples. Results were graphed on a difference

plot with upper and lower control limits set to conform to

acceptable College of American Pathologists proficiency

testing evaluation criteria (Table 1).

Average bias was determined, and data were compared

using the Student t test. Analytes evaluated were pH, PO2
,

PCO2
, total hemoglobin, percent oxyhemoglobin, percent car-

boxyhemoglobin, percent methemoglobin, sodium (Na+), po-

tassium (K+), ionized calcium (Ca++), glucose, and lactate.

Results

Figure 1 illustrates the differences for each analyte

between the walked and tubed samples. Upper and lower

control limits are drawn at the proficiency testing evalua-

tion criteria. Visually, the data points for all of the analytes

appear to be evenly distributed around the zero point of

QUICK LOOK

Current knowledge

Pneumatic tube transport of blood gas specimens can

be useful and acceptable if all air bubbles are expelled

prior to transport, proper padding is used to insulate the

specimen from jarring vibrations, and pneumatic tube

speed is regulated. Blood gas laboratories often report

chemistry analytes in addition to blood gas values that

can be influenced by similar issues in pneumatic tube

transport, such as hemolysis.

What this paper contributes to our knowledge

With the same safeguards in place for protecting pri-

mary blood gas values, pneumatic tube transport of

blood gas specimens was safe for other analytes

reported by blood gas laboratories. Multiple pathways

throughout an institution’s pneumatic tube system can

be utilized so long as the characteristics of those path-

ways and sample preparations are standardized and

align with best practice.

Table 1. College of American Pathologists Proficiency Testing

Evaluation Criteria

Analyte Criteria

pH 6 .04

PCO2
, mm Hg 6 8% or 5 mm Hg

PO2
, mm Hg 6 3 SD

Na+, mmol/L 6 4

K+, mmol/L 6 0.5

Ca++, mmol/L 6 3 SD

Lactate, mmol/L 6 0.4 or 3 SD

Glucose, mg/dL 6 6.0 or 10%

Total hemoglobin, g/dL 6 7%

Oxyhemoglobin, % 6 3 or 3 SD

Carboxyhemoglobin, % 6 3 or 3 SD

Methemoglobin, % 6 2

Table 2. Average Bias

Average Bias

(walked vs tubed)
Standard Deviation

pH 0 0.007

PCO2
, mm Hg 0.1 1.214

PO2
, mm Hg –0.531 1.584

Total hemoglobin, g/dL 0.043 0.269

Oxyhemoglobin –0.178 0.613

Carboxyhemoglobin –0.004 0.095

Methemoglobin –0.011 0.092

K+, mmol/L 0.033 0.091

Na+, mmol/L –0.185 1.083

Ca++, mmol/L –0.002 0.018

Glucose, mg/dL 0.352 4.775

Lactate, mmol/L 0.109 0.434
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difference without any obvious positive or negative trend-

ing across the ranges tested.

Two data points for total hemoglobin fell outside the

defined tolerance. All other data points for all remaining ana-

lytes fell within range. Total hemoglobin values can be sub-

ject to settling and may elicit erroneous values if they are not

mixed sufficiently prior to analysis. Inadequate mixing is

suspected to be the cause of the 2 total hemoglobin data

points that fell outside the acceptability criteria. Each outlier

is surrounded by similar data points that were in-range, and

the difference is not clinically important.

The average bias for each analyte is not clinically meaning-

ful (Table 2). PO2
and glucose exhibited the largest standard

deviations, as might be expected given that the samples were

run serially on the same analyzer. The method employed

required one of the samples to sit at the bench-side up to 3

min longer than the first sample analyzed, during which time

cellular metabolism continues to consume oxygen and glu-

cose. Use of Student t tests showed no statistically significant

difference between walked and tubed samples (Table 3).

Discussion

This study provides novel information comparing the

results of blood gas analysis (ie, oximetry, electrolytes, and

metabolites) of samples transported via pneumatic tube

with those of samples transported on foot. Our results indi-

cate that these analytes are not affected by pneumatic tube
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Fig. 1. Differences for each analyte between walked and tubed samples. Upper and lower control limits (dotted lines) are drawn at College of

American Pathologists proficiency testing evaluation criteria.
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transport. Our results align with previous research findings

from traditional blood gas analysis, providing additional

support for best-practice packaging and transportation with

a pneumatic tube system. Based on the prior referenced

studies, it should be recognized that the success of this

study is likely due to the set speed of the pneumatic tube

system, the use of appropriate padding, and the consistency

of sample preparation by trained laboratorians.

The effect of time delay is a factor for concern when con-

sidering how well results from a blood gas analysis repre-

sent a patient’s condition at the time of the blood draw.7

Changes in blood gas values over time is well established

in the literature beyond the research referenced here. An al-

ternative to eliminate time delay as a source of error, such

as point-of-care analysis, could be considered; this would

also eliminate the need for pneumatic tube transport. While

pneumatic tube transport is a fast and efficient means of

transporting samples to a central location for analysis,

doing so almost certainly adds time compared to point-of-

care analysis, assuming a trained operator is available at the

bedside at the time of draw.

Our study has some limitations. Samples were obtained

during normal business processes and appear to have a rep-

resentative range for hospitalized patients; however, because

samples were picked randomly from the remainders of

previously processed specimens, and in many cases pooled,

not all extreme or critical values are represented. Further

study of these extremes is warranted. Furthermore, the steps

noted above are not always practiced consistently among

non-laboratory staff in real-world scenarios. Indeed, at our

facility, nearly 90% of the samples processed in the blood

gas lab are drawn from indwelling lines by the nursing

staff. Varying use of padding and the presence of minute

air bubbles do not always lead to specimen rejection.

While this study indicates that pneumatic tube transport

itself does not contribute to meaningful sample altera-

tions, real-world sample acquisition and packaging by

non-laboratory staff prior to pneumatic tube transport is a

potential source of error.

Conclusions

Pneumatic tube transport of blood gas specimens with

the described conditions (ie, padding, speed regulation,

and optimal sample preparation) is acceptable for blood

gas and supplementary analytes as evidenced by multiple

points of evaluation, including statistical analysis,

clinical judgment, and concordance with regulatory

guidelines.

Table 3. Two-Sample t Test Assuming Unequal Variances

Transport Mode Mean Variance P (1-tail) P (2 tail)

pH Walk 7.29 0.01 .49 .98

Tube 7.29 0.01

PCO2
Walk 45 128.9 .48 .96

Tube 44 134.1

PO2
Walk 76 589.0 .46 .91

Tube 77 603.2

Total hemoglobin Walk 11.8 4.4 .46 .92

Tube 11.7 4.4

Oxyhemoglobin Walk 87.7 97.5 .46 .93

Tube 87.9 94.9

Carboxyhemoglobin Walk 1.2 0.5 .49 .98

Tube 1.2 0.5

Methemoglobin Walk 0.8 0.1 .42 .84

Tube 0.8 0.1

Na+ Walk 136 17.3 .41 .82

Tube 136 18.1

K+ Walk 5.5 1.7 .45 .89

Tube 5.5 1.7

Ca++ Walk 1.1 0.01 .45 .9

Tube 1.1 0.01

Glucose Walk 141 10,022.4 .49 .99

Tube 140 9,865.9

Lactate Walk 6.2 27.1 .46 .91

Tube 6.2 24

Number of observations ¼ 54. For each analyte, the hypothesized mean difference is 0.
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