Control of blood gas measurements
in intensive-care units
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The frequency of blood gas measurement in two
adult intensive-care units was assessed for 7 months
before and 12 months after introduction of a protocol
of indications for such investigation. Demographic,
diagnostic, outcome, and intervention data were
collected prospectively. There were no differences in
demographic characteristics, severity or type of
iliness, survival, or frequency of arterial or pulmonary
artery catheter use between the two observation
periods, but the frequency of blood gas analysis fell
by 44% (p<0-001) after the protocol was
introduced.
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Introduction

The frequency of blood gas measurements within
intensive-care units may be driven by many factors other
than clearly defined clinical indications. The decision to
measure blood gases may be delegated by clinicians and may
also be influenced by fear of litigation, ease of access to
arterial blood because of widespread use of arterial lines,’
routine work-patterns within the unit, and the tacit
assumption that if patients are sufficiently unwell to require
intensive care then they are “ill enough to require regular
investigation whether they obviously need it or not™.

Measurements of blood gases are the most frequently
used laboratory investigations in intensive-care units,' but
there is surprisingly little information available about the
appropriate indications for or optimum frequency of such
tests.* Before this study, arterial and mixed-venous gases
were measured routinely or as required in the adult medical
and surgical intensive-care units at our hospital, without

reference to any written protocol. We describe a prospective
analysis of the effects of such a protocol, designed to give
rational indications on which to base a decision to measure
blood gases.

Methods

Before written guidelines were introduced, baseline data were
collected for all patients admitted to the adult medical and surgical
intensive-care units at the Health Sciences Centre between July 11,
1088, and Feb 15, 1989. We recorded total daily blood gas
measurements (from July 1, 1988), ventilator-dependent patient
days, demographic information (including age, sex, and up to 3
admission and 3 discharge diagnoses), daily therapeutic
intervention scoring system (TISS) scores,’ the highest APACHE
11 score® recorded in the first 24 h after admission to the unit, length
of stay on the unit, and survival. All information was entered into a
computer database (Critical Care Management Systems,
Chelmsford, Ontario, Canada).

Independently of this baseline data collection, a multidisciplinary
committee (comprised of two intensive-care clinicians, the head
nurses of both intensive-care units, and two senior respiratory
technicians) drew up a written protocol of indications for blood gas
analysis. The committee first met in May, 1988, and to reduce bias
its members were instructed not to reveal any discussions or
decisions to other staff before the protocol was implemented. For
further comparison the frequency of blood gas analysis and the total
number of ventilator-dependent patient days were determined
retrospectively for 1987, before any discussions had taken place.
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Fig 2—Differences in blood gas measurements (® ®) and
i ventilator-dependent days ( ) between baseline and

USE PULSE OXIMETER WHENEVER POSSIBLE

MEASURE MIXED VENOUS GASES 12-HOURLY, EXPIRED GASES DAILY,
UNLESS OTHERWISE REQUESTED BY PHYSICIAN.
BYPASS PROTOCOL AND SUMMON PHYSICIAN IF SUDDEN CLINICAL
DETERIORATION.

Fig 1—Protocol.

A Request physician's advice if oximetry arterial saturation < 85%;
dyspnoea; respiratory rate > 30/min; mean blood pressure <70 mm Hg;
or hourly urine output < 0-5 mi/kg.

B: 12-hourly blood gases if stable. No need for extra measurements on
F 0, change if oximetry oxygen saturation > 85%.

C:12-hourly blood gases if stable. Further measurement on F O, change
201.

D:Measure blood gases within 30 min of mode change or if respiratory
rate > 30/min, paradoxical breathing pattern, or haemodynamic changes.

The protocol is set out in fig 1. Appropriate use of pulse oximeters
was encouraged.”® For most patients the lowest acceptable limit for
arterial oxygen saturation was set at 90% or higher if so determined
by a physician; an arterial oxygen saturation of 85% was tolerated as
a lower limit in chronically hypoxic patients with clinically
acceptable oxygen delivery. Physicians and nurses were instructed
to measure blood gases when clinically required, irrespective of the
algorithm. End-tidal CO, was not routinely monitored because its
reliability has been questioned® and there is little evidence to
support use of continuous mixed venous oximetry.'”

All intensive-care-unit staff were informed about the protocol
immediately before its implementation on Feb 16, 1989. All staff

TABLE I—PATIENT DETAILS

Baseline Protocol
— (n=647) (n=1238)

Age (yr)* 580 (8-0) 58-2 (8:0)
TISS** 37'5(12:1) 34-2(12:9)
APACHE II** 199 (4-9) 19:1 (4-8)
Stay (days) 40 41
Days with arterial line (%) 935 913
Days with PA catheter (%) 468 458
Survivors 549 (84-9% ) 1051 (85-0% )

*Mean (SD). PA = pulmonary artery.
TABLE II—ICU ACTIVITY AND BLOOD GAS MEASUREMENTS

Ventilator- All blood Daily blood
Patient | dependent gas gases
Period days days measurements | per patient
1987 (12 mo) 4480 3379 44 659 9-97
Baseline (7 mo) 2583 1883 22110 856
Protocol (12 mo) 5065 3656 24 109 476

intervention periods.

Total blood gases p < 0-001. Total ventilator days p > 0-05 (Wilcoxon).
tData for Feb, 1989, not included because of mid-month introduction of
protocol

nurses were asked to complete a detailed survey to evaluate their
perceptions of the effects of the policy. Nurses were also asked to
report and record all adverse effects in patients which might have
arisen because of the new policy. Formal prospective assessment of
the effects of the new protocol continued until Feb 15, 1990, At the
end of the study all arterial blood gas measurements were reviewed
for one month before and after the start of the new protocol to assess
its effect on the frequency of grossly abnormal results.

The Wilcoxon rank-sum test was used to compare the frequency
of blood gas determinations and the number of ventilator-
dependent patient days before and after the protocol was
introduced.

Results

647 consecutive patients were prospectively studied
during the 7 months before and 1236 consecutive patients
during the 12 months after introduction of the protocol.
Both groups were similar with respect to age, sex, length of
stay, TISS and APACHE 11 scores, and survival, as well as
use of arterial and pulmonary artery catheters (table 1). The
distribution of the ten most common principal diagnoses
was similar over the two periods (shown as before vs after
introduction): after coronary artery bypass graft 13-4 us
11-9%, pneumonia 65 vs 4-4%, after myocardial infarction
5-4v5 6:2%, septic shock 4-0 vs 4-1%, after abdominal aortic
aneurysm repair 4-9 vs 3-2%, multiple trauma 32 vs 49%,
congestive heart failure 2-2 vs 2-7%, after aortofemoral/
axillofemoral bypass graft 2:0 vs 2:4%, aortic or mitral
stenosis 19 vs 0-2%, chronic airways obstruction 1-5 vs
2:3%, and others (each less than 2%) 53-9 vs 57-6%.

There was a striking 44% fall in the frequency of blood
gas measurements after the protocol was introduced (table
11) although the numbers of patient ventilator-dependent
days were similar when the different lengths of baseline (7
months) and post-intervention observation are taken into
account. Fig 2 shows more clearly the consistent effect of
introduction of the protocol on monthly totals of blood gas
samples (p <0:001) and ventilator-dependent patient days
(p>0-05). Arterial blood gas results during August, 1988
(baseline), and August, 1989 (post policy), were reviewed to
assess the number that indicated severe hypoxia (PO, <60
mm Hg on F,0, <0-6[60%]) or severe hypercapnia (PCO,
>55 mm Hg). The proportions of such abnormal values
were similar: 141/1617 (8:7%) baseline vs 91/926 (9-8%)
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(p>0-1), respectively. The nursing survey revealed no
adverse event that might have resulted from a decreased
frequency of blood gas sampling. Most respondents (40/41)
were very satisfied with the policy and felt that it encouraged
clinical decision-making consistent with their training and
skills.

The total material and labour cost of a blood gas
measurement in our unit was $3-73 (Canadian) on Sept 1,
1988. This sum includes 4 min nursing time, 5 min work for
a respiratory technician, and syringe, swabs, and latex
gloves, but does not include any allowance for maintenance
of the blood gas analyser, capital equipment costs, or a
physician’s time for interpretation of the results, and is lower
than other North American estimates.”

Discussion

Browning et al* have reported a 24% reduction in arterial
blood gas sampling in a surgical intensive-care unit after
introduction of an algorithm in which pulse oximetry was not
used. Their observation periods were short and we cannot
directly compare the study populations, but the effect of
introduction of their policy, as measured by the percentage of
inappropriate samples, was only partly sustained. We found
that our policy was practical and sustainable, and its use in
our adult intensive-care units led to a 44% fall in blood gas
measurements. This reduced workload enabled
redeployment of a full-time respiratory technician and an
automated blood gas analyser, and an estimated recoverable
annual saving of $81 000 (Canadian). We could not identify
any other factor—including diagnosis, severity of illness, or
length of patient stay—that could otherwise account for the
observed fall in blood gas estimations. Although it is possible
that the fall might reflect a general change in staff attitudes
towards expenditure, rather than the introduction of a
specific policy, such an effect should have led to a fall in all
routine tests. However, the frequency of 123 other laboratory
tests was also monitored and no significant difference was
observed in 115 tests where no interventions were
implemented (unpublished data).

Blood gas sampling frequency observed during the
baseline period of this study was similar and actually slightly
lower than that retrospectively calculated for 1987 (table 11),
and we feel it unlikely that this baseline frequency was
unusually high. Muakkassa et al' reported a similarly high
volume of arterial blood gas determinations in adult
intensive-care patients, which they attributed largely to an
almost invariable use of arterial catheters,! and a similar
ease-of-use argument might also apply to pulmonary artery
catheters. The proportion of our patients with such ready
access to arterial and mixed-venous blood was similar in
baseline and intervention periods (table 1).

No algorithm, however straightforward, will always be
adhered to. Ours had the advantage of simplicity, with
few steps involved and few parameters to consider.
Nevertheless, new members of staff may have taken a while
to be familiar with the protocol, and pulse oximeters did not
function in some patients with poor peripheral perfusion, so
that more frequent blood gas measurements were required
(this risk had been anticipated when the protocol was
designed). In our unit pulse oximetry is readily available,
but other units may find its availability limits application of
this protocol.

We found no evidence of morbidity or mortality
attributable to the policy and no incident of severe,
unexpected hypoxia or hypercapnia was observed by the
nurses or physicians. Analysis of the frequency and

percentage of grossly abnormal arterial blood gas results
showed no significant increase after the protocol was
introduced, perhaps a reflection of more appropriate use of
continuous arterial oxygen saturation monitoring.® The
effect of the policy has been sustained over 12 months of
observation, and it has been popular with nursing and
clinical staff. Apart from the obvious cost savings there may
also be a benefit from a reduced number of false-positive
results and a reduced risk of introduction or spread of
infection.'**?

This study was partly funded by grants from the Manitoba Health Services
Commission and the Manitoba Medical Services Foundation,
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