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Objective: In addition to cardiopulmonary monitoring, non-cardiopulmonary monitoring (non-CPM) is considered to be an
important parameter in intensive care units (ICUs). However, no data on this subject has been reported for Thai ICUs. The
objective of the present study is to describe the non-CPM situation in Thai ICUs.

Materials and Method: ICU RESOURCE | survey database released during the year 2012 was used for the present study.
Non-CPMo refers to neurological monitoring, renal function monitoring, metabolic monitoring, perfusion monitoring and
identifying biomarkers. Academic hospital (ACAD), availability grading (AG), numeric frequency grading scale (FGS) and
device availability per bed (DPB) were used for categorization of non-CPM collected data. Significant differences between the
groups are defined as p<0.05.

Results: Advanced monitoring, including; indirect calorimetry, near infrared spectroscopy, peripheral nerve stimulation, gut
mucosal tonometry and sublingual side stream dark field imaging are currently unavailable in participating Thai ICUs. All
ICUs have devices to measure the levels of capillary glucose, creatinine kinase MB, troponin T and albumin. Bispectral index,
ultrasound, continuous renal replacement therapy devices, continuous enteral feeding pumps, intra-abdominal pressure
monitoring devices and rectal temperature measuring devices are available in ACAD facilities in greater instances than in
other institutions. Similarly; for biomarker and drug level monitoring; procalcitonin, interleukin, brain natriuretic peptide,
total creatinine kinase, neutrophilgelatinase-associated lipocalin (NGAL), lactate, central venous oxygen saturation/mixed
venous oxygen saturation (ScvO,/SvO,), phenytoin, vancomycin and pre-albumin are used more frequently in ACADs. Gap
analysis demonstrating warmer cabins, NGAL, lactate and ScvO,/SvO, show less availability but are frequently used when
they have been made available. Intra-abdominal pressure and core temperatures are used less in general ICU practices and
are scarcely found.

Conclusion: Some of the more advanced non-CPM devices are not found in Thai ICUs. Basic non-CPM devices are
available in all ICUs. Some new devices for measurements and for biomarkers are used with greater prevalence in ACAD
ICUs. Some measurements including IAP, core temperature, lactate and ScvO,/SvO,) are monitored less frequently in Thai
ICUs (Thai Clinical Trial Registry: TCTR-201200005).

Keywords: Non-cardiopulmonary monitoring, Thai, Intensive care unit, Utilization gap, Frequency level, Device availability

J Med Assoc Thai 2014; 97 (Suppl. 1): S31-S37
Full text. e-Journal: http://www.jmatonline.com

Critically ill patients require multi-modal
monitoring systems for obtaining information regarding
physiologic alterations. In addition to cardiopulmonary
monitoring, non-cardiopulmonary monitoring (non-
CPM) also plays an important role. The non-CPM is
composed of neurological, nephrological, metabolic,
perfusion and biomarker monitoring®™". As a result of
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the high costs of some specific devices and tests, some
particular non-CPM might not be available in the ICUs.
There have been no previous reports regarding the
availability and utilization of non-CPM in Thai ICUs.
The aim of the present study is to describe the
information regarding non-CPM in Thai ICUs.

Material and Method

The data were retrieved from the ICU
RESOURCE I study survey database. The survey period
was between March 1% and August 31%, 2012. The details
of non-cardio-pulmonary monitoring, including;
neurological monitoring, monitoring renal function,
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metabolic monitoring devices, perfusion and biomarker
monitoring were recorded. The information regarding
study planning was registered with Thai Clinical Trial
Registry. The reference number designated is TCTR-
201200005. The present study is approved by the Ethics
Committee, Chiang Mai University.

The definition of hospital types, academic
hospital (ACAD), availability grading (AG), numeric
frequency grading scale (FGS) and device availability
per bed (DPB) were the same as determined by the
study of the cardio-pulmonary study (CPMo) in Thai
ICUs which was previously reported by this same study
group®. Details of devices are shown in Table 1. All
data were analyzed by STATA (version 11.0, STATA

Inc., College Station, TX). The parametric and non-
parametric continuous variables of the two groups were
evaluated by t-test (mean + standard deviation [SD])
and the Wilcoxon rank sum (median; interquartile range
[IQR]). Categorized data of the differences of the
two groups were analyzed by Pearson’ Chi-square.
Significant differences are defined as p<0.05. Gap
analysis was performed for the density, availability and
frequency levels.

Results

One hundred fifty-five Thai 1ICUs from all
regions are included in the present study. Most of the
participating ICUs are in government hospitals

Table 1. Non-CPMo equipments, devices, monitoring and biomarkers categorized by ICU types

Equipments, devices and monitors All Non-ACAD  ACAD p-value
n =155 n=119 n=36

Bispectral index (BIS) 2 (1.29) 0 (0.00) 2 (5.56) 0.010
Fluid warmer cabin (Warmer) 16 (10.32) 12 (10.08) 4 (11.11) 0.859
Indirect calorimetry NA NA NA NA
Ultrasound (US) 53 (34.19) 35(29.41) 18 (50.00) 0.023
Near infrared spectroscopy (NIS) NA NA NA NA
Peripheral nerve stimulation and train of four (PNS) NA NA NA NA
Gut mucosal tonometry (GMT) NA NA NA NA
Intra-abdominal pressure monitor devices (IAPmMo) 8 (5.16) 4 (3.36) 4 (11.11) 0.066
Esophageal temperature measuring device (E-temp) 6 (3.87) 3(2.52) 3(8.33) 0.113
Rectal temperature measuring device (R-temp) 35 (22.58) 23 (19.33) 12 (33.33) 0.078
Continuous renal replacement therapy device (CRRT) 29 (18.71) 11 (9.24) 18 (50.00) <0.001
Hemodialysis devices (HD) 42 (27.10) 29 (24.37) 13 (36.11) 0.165
Capillary glucose devices (CGD) 155 (100) 119 (100) 36 (100) NA
Sublingual side stream dark field (SDF) NA NA NA NA
Continuous enteral feeding pump (Feed-pump) 50 (32.26) 25 (21.01) 25 (69.44) <0.001

Measurement methods
Continuous Sjv O, monitoring (SjvO,) 6 (3.87) 3(2.52) 3(8.33) 0.113
Intracranial pressure monitoring (ICP) 22 (14.19) 14 (11.76) 8 (22.22) 0.115
Intraabdominal pressure (IAP) 19 (12.26) 8(6.72) 11 (30.56) <0.001

ICU Markers
Creatinine kinase MB (CK-MB) 155 (100) 119 (100) 36 (100) NA
Troponin T (Trop-T) 155 (100) 119 (100) 36 (100) NA
Procalcitonin (Procal) 28 (18.06) 11 (9.24) 17 (47.22) <0.001
BNP (cardiogenic marker) 51 (32.90) 29 (24.37) 22 (61.11) <0.001
Neutrophil gelatinase-associated lipocalin (NGAL) 16 (10.32) 7 (5.88) 9 (25.00) 0.001
Interleukin (IL) 10 (6.45) 1(0.84) 9 (25.00) <0.001
Lactate 75 (48.39) 44 (36.97) 31 (86.11) <0.001
Cortisol 100 (64.52) 72 (60.50) 28 (77.78) 0.058
Phenytoin level (Pheny) 94 (60.65) 64 (53.78) 30 (83.33) 0.001
Vancomycin level (Vanco) 40 (25.81) 15 (12.61) 25 (69.44) <0.001
Albumin (Alb) 155 (100) 119 (100) 36 (100) NA
Proalbumin (Proalb) 12 (7.74) 2(1.68) 10 (27.78) <0.001
Blood ScvO, or SvO, (ScvO,/Sv0O,) 56 (36.13) 33(27.73) 23 (63.89) <0.001
Total creatinine kinase (CK) 64 (41.29) 41 (34.45) 23 (63.89) 0.002
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(89.03%). In Table 1, indirect calorimetry, near infrared
spectroscopy (NIS), peripheral nerve stimulation (PNS),
gut mucosal tonometry (GMT) and sublingual side
stream dark field imaging (SDF) are unavailable in
participating Thai ICUs. All ICUs have capillary glucose
devices (CGD) and are able to investigate basic ICU
markers including creatinine kinase MB (CK-MB),
troponin T (Trop-T) and albumin levels (Alb).

ACAD ICUs have a significantly higher
availability of advanced monitoring devices (p<0.05;
Table 1). These consist of bispectral index (BIS),
ultrasound (US), continuous renal replacement therapy
devices (CRRT) and continuous enteral feeding pumps
(Feed-pump). In spite of a higher availability of intra-
abdominal pressure monitoring devices (IAPmo) and
rectal temperature measuring devices (R-temp) in
the ACADs, there are no significant differences in
frequency of use (p<0.10; Table 1). However, intra-
abdominal pressure measurement (IAP) is performed
more frequently in ACAD ICUs (30.56% vs. 6.72%;
p<0.001; Table 1). There are no differences in the
availability of intermittent hemodialysis devices (HD)
between the groups. As for measurement methods,
although continuous jugular venous oxygen saturation
(SjvO,) monitoring and intracranial pressure monitoring
(ICP) is more readily available in ACAD ICUs, there
were no differences in the usages of the tests.

Advanced ICU markers including
inflammatory or infectious markers (Procalcitonin
[Procal], interleukin [IL]), cardiogenic markers (brain
natriuretic peptide [BNP], total creatinine kinase [CK]),
renal injury markers (neutrophil gelatinase-associated
lipocalin [NGALY]), peripheral perfusion markers (lactate,
ScvO, or SvO,), drug monitoring (phenytoin [pheny],
vancomycin [vanco]), nutritional markers (pre-albumin)
show a significantly higher availability in ACAD ICUs
than non-ACAD ICUs. Despite the higher availability

of cortisol level measuring devices in ACAD ICUs, there
was merely a slight trend in its regular use (77.78% vs.
60.50%; p=0.058, Table 1).

As for specific organ monitoring; BIS, SjvO,
and ICP were classified as “rarely”, “few available”,
and “sometimes used”, respectively for use in
neurological monitoring (Table 2-4). Core temperatures
were not regularly monitored. If it was a consideration,
the rectal route would be used more frequently than
the esophageal route. Although there are not many
available, warmer cabin devices with a low density were
frequently used in ICUs. Intra-abdominal pressure
monitoring devices are rarely available with low density
per bed institutions and not regularly used. In regards
to renal monitoring and treatment devices, HD is more
available than CRRT. Although NGAL is a test that is
rarely available, it is frequently used in ICUs when they
are available. Regarding inflammatory biomarkers, both
IL and procalcitonin are less commonly available and
assays are used with less frequency in Thai ICUs. Other
biomarkers (BNP, Lactate, Vanco, CK, ScvO,, SvO,,
Cortisol, Phenytoin level) are moderately to commonly
available and most of them are measured with regularity.
Interestingly, feeding pumps are of medium density
per bed in available ICUs but they are used constantly
in ICUs.

As for the gap analysis in Table 4, warmer
cabin temperatures, NGAL demonstrates rare and few
available devices that are used regularly. Despite the
moderate availability of some resuscitation target
assays including lactate and ScvO,/SvO,, they show
only irregular use.

Discussion

Non-CPMos play an important role in ICUs.
Unfortunately, there is no information regarding the
availability and utilization of non-CPMos in Thai ICUs.

Table 2. Monitoring, device and measurement method categorized by availability grading in Thai ICUs

Availability grade Devices Measurements Markers
None (0%) Indirect calorimetry,

NIS, PNS, GMT, SDF
Rarely (<10%) BIS, IAP-Mo, E-temp SjvO, NGAL, IL
Few (10-19.9%) Warmer, CRRT ICP, IAP Procal

Moderate (20-49.9%)

Common (50-79.9%)
Abundance (>80%)

US, R-temp, HD,
Feed-pump

CGD

BNP, Lactate, Vanco,
CK, SCVOZ, SvO2
Cortisol, Pheny
CK-MB, Trop-T, Alb

Note: Italic words were biomarkers
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Table 3. Monitoring, device and measurement method categorized by median of frequency level in available ICUs

Frequency level Devices Measurements Markers
Never (FGS = 0) Indirect calorimetry, IL, Prealb
NIS, PNS, GMT, SDF
Sometimes (FGS <3) BIS, US, IAP-mo, E-temp,  SjvO,, ICP, IAP  Procal, BNP, Lactate, Cortisol,

R-temp, CRRT, HD
Warmer
CGD, Feed-pump

Usually (FGS 4-5)
Always (FGS 6-7)

Pheny, Vanco, ScvO,, SvO,
CK-MB, Trop-T, NGAL, CK
Alb

Note: Italic words were biomarkers

Table 4. Monitoring, device and measurement methods categorized by median density level and frequency level in available

ICUs
Density/Frequency Sometime Usually Always
(FGS <3) (FGS 4-5) (FGS 6-7)
Low density (DPB <0.3) BIS, US, IAP-Mo, E-temp, Warmer -
R-temp, CRRT, HD
Medium density (DPB 0.31-0.69) - - CGD, Feed-pump
High density (DPB >0.70) - - -
Availability level
Rarely (<10%) BIS, IAP-Mo, E-temp, NGAL
Sjvo,, IL
Few (10-19.9%) CRRT, Procal, ICP, IAP Warmer
Moderate (20-49.9%) US, R-temp, HD, BNP, CK, Feed-pump
Lactate, Vanco, ScvO,/SvO,
Common (50-79.9%) Cortisol, Pheny
Abundance (>80%) CK-MB, Trop-T, CGD, Alb

Note: Italic words were biomarkers

This study is a pioneer study surveying for the
presence and the utilization of non-CPM in ICUs in
Thailand. Basic, advanced and biomarker monitoring
devices are included. Many newly advanced monitoring
devices are not available in Thai ICUs (indirect
calorimetry, NIS, PNS, GMT and SDF). Although indirect
calorimetry has been reported as a device frequently
used in ICUs®19, they were unavailable in participating
ICUs. Rarely available devices for measurements and
markers in Thai ICUs are: BIS, IAP-Mo, E-temp, Warmer,
CRRT, SjvO,, ICP, IAP, NGAL, IL and Procal (Table 1,2).
Most of them show a higher availability in ACAD ICUs
(Table 1). Basic devices and markers for CGD, CK-MB,
Trop-T and Alb were readily obtainable in this survey.

Resuscitation target assays of lactate and
ScvO,/SvO, are recommended in the updated
guidelines for severe sepsis management®?, Despite
both of them being considered common markers, they
were found to be abundantly obtainable in ACAD
(>50%) and only rarely available (<50%) in non-ACAD
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ICUs (Table 3,4). These findings demonstrate an
interesting point of pattern management differences
and show an availability gap between ACAD and non-
ACAD ICUs. Guideline recommendations should be
propagated with continuous education to ICU health
care providers.

IL is used as a marker to predict the severity
of a disease and assess nutrition®. This is inferred to
be a common biomarker in developed countries®.
However, this biomarker is moderately available in
ACAD and rarely available in non-ACAD ICUs and as
aresult, this marker is never used in Thai ICUs. NGAL
had availability levels identical to IL in Thai ICUs and
the purpose of this marker is for the early identification
of kidney injury®. Contrarily, NGAL is usually available
and more frequently used. These findings imply that
NGAL will have higher tendency to be considered the
monitoring marker of the future. In spite of procalcitonin
and BNP showing only “few to moderate” availability
in all ICUs (<50%), the frequency of the use of these
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markers is limited.

Considering drug and hormone monitoring,
cortisol and phenytoin levels are commonly obtainable
in Thai ICUs. Vancomycin measuring was available in
only a few ICUs surveyed. However, all of them were
used in the “sometimes” level when drug monitoring.
These findings imply that it may require more
consideration when monitoring for drugs and
hormones in Thai critical care practices.

The incidence of intra-abdominal
hypertension was reported at about 33% of patients
on admission and a third were diagnosed during their
stay in the ICU®, However, IAP-Mo and its
measurement have shown only a “low density” and
have only a few available in Thai ICUs (Table 2-4). In
addition, these are only utilized some of the time (FGS
<3). This evidence indicates that there are few concerns
regarding intra-abdominal hypertension in general ICU
practice.

Rectal and esophageal temperatures were
obtained by non-invasive methods and demonstrate
the most accurate range of agreement for core
temperature measurement when compared to invasive
methods®219). However, these were obtainable with less
density (E-temp <10%, R-temp <20%). These findings
demonstrate that core temperature measurement is not
routinely used and most temperature chart records are
possibly measured by superficial modes such as axillary
or inguinal methods which are less accurate when
compared to invasive core temperature measurements.
Interestingly, in spite of regular use, warmer cabin or
other devices are not readily available and are of “low
density” in Thai ICUs (<20%).

Both CRRT and intermittent hemodialysis
(HD) have been widely used in ICUs during the last
decade®, In this survey, HD was not significantly
different in regard to availability between ACAD and
non-ACAD facilities. ACAD had more availability of
CRRT. The availability of renal replacement therapy in
all Thai ICUs is of “low density” and is less obtainable.

As for neurological monitoring, BIS could be
found only in ACAD ICUs. EEGs were excluded from
this survey because of questionnaire inaccuracies. ICP
was the only monitoring used in a few of the ICUs as
was SjvO,. This was obtainable as a neurological
perfusion parameter of less than 10% (ACAD 8.33%
vs. non-ACAD 2.52%; p = 0.165; Table 1).

There were several limitations in this study.
First, the participating ICUs were not random and there
was an unequal proportion of each hospital type.
Selection bias might be a consideration. Second,
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utilization evaluation by frequency of device use or
measurement may be inaccurate. These could be
confounded by alternative methods, particularly in
regard to clinical evaluation which is not mentioned or
included in this survey. These are evitable limitations;
however, this study demonstrates the situation of non-
CPMo in Thai ICUs as well as their availability and
utilization.

Conclusion

Some advanced non-CPMo is not found in
Thai ICUs. Basic hon-CPMo (CGD, CK-MB, Trop-T
and Alb) are available in all ICUs. Some new devices,
measurements and biomarkers can be obtained only in
ACAD ICUs. Some measurements (IAP, core
temperature, lactate, ScvO,/SvO,) have shown less
consideration for in Thai ICUSs.
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