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Introduction 

The definition used for “critical care setting” in this section is any clinical setting in which patients are managed who have major organ dysfunction, severe trauma, major surgical wounds, general anesthesia, severe sepsis, or other high acuity disorders that require life-sustaining care. These settings include intensive care units (e.g., ICU, CCU, NICU, SICU, PICU, CICU), surgical suites (OR), emergency departments (ED), ambulance/helicopter transport systems, burn units, and chest pain/trauma/stroke units.

One of the most important characteristics of critical care settings is the potential for rapid (i.e., seconds to minutes) and clinically significant changes in a patient’s status that may require prompt intervention. Blood pressure, heart rate and rhythm, temperature, respiration rate, and some biochemical markers can be thought of as “vital signs” that reflect these rapid changes and give evidence that a patient’s physiology is unstable. In many of these situations, clinicians must be prepared to diagnose and treat these critical patients quickly to avoid subsequent damage to vital organs and systems. These environments present a potential opportunity for rapid, reliable, precise, and accurate diagnostic testing of critical biomarkers as a necessary part of the care of these patients, resulting in improvement in patient outcomes through real-time treatment of the physiological deterioration. 

The required rapid diagnostic test result may be obtained from one of two general settings: the central laboratory setting or point-of-care testing (POCT) setting (e.g., a “STAT” lab, a satellite lab, a near-patient instrument, a bedside testing instrument). If the accuracy, imprecision, quality control, reliability, and cost-effectiveness are generally equivalent for the test settings, the “speed to treatment” or therapeutic turnaround time (TTAT; “vein to brain time”) and how the TTAT relates to the time-before-irreversible cellular damage of vital organs become the driving forces for the clinical decision of what rapid test setting should be used to optimally treat a given patient. 

As presented in the following sections, there are an abundance of peer-reviewed papers that show that rapid TTAT is crucial in critical care settings. As mentioned above, two rapid test settings (i.e., central laboratory testing and POCT) can potentially meet the TTAT needs for a given hospital setting. However, most studies have shown that POCT, when compared directly to central laboratory testing, will result in a significant decrease in TTAT (2, 3, 4). Therefore, if decreased TTAT for a given critical care test leads to an outcome benefit in a given setting and if the clinical testing processes are optimized in that setting, the evidence points toward the use of POCT for that test/setting leading to a similar improved outcome. Often, POCT is placed into clinical settings without modifications in the processes that had been in place before the change. However, process changes are often required in clinical settings after POCT introduction and before improved outcomes due to reduced TTAT can be observed. Well-designed clinical studies (5, 6) that fail to optimize processes (e.g., in-patient admission, responding to a 90 min central lab result vs. a 5 min POCT result) and/or variables (e.g., testing for non-critical analytes, measuring metric endpoints [e.g., LOS] instead of clinical endpoints [e.g., morbidity, mortality]; see sections below) with introduction of POCT may lead to equivocal results. Future clinical studies comparing POCT to central laboratory testing must take process management into account.
Although it has been recognized by many experienced clinicians and laboratorians that POCT has improved patient outcomes over the past 15 years, most of the evidence for improvement in patient outcomes, with the use of POCT in critical care settings, has been anecdotal or intuitive as opposed to being elucidated through well-designed clinical studies. Therefore, more well-designed comparative patient outcome studies and evidence (i.e., each POCT setting vs. central lab testing) are necessary to more clearly define POCT’s definitive role in improving health outcomes in critical care settings. 

The following recommendations address the above issues with some of the most commonly measured analytes in the critical care setting: arterial blood gases (PO2, PCO2, pH), glucose, lactate, magnesium, cooximetry (O2 saturation, carboxyhemoglobin, methemoglobin), sodium, potassium, chloride, and ionized calcium.

Literature searches were conducted through online databases (e.g., PubMed, Medline) and private libraries maintained by members of the focus group. Peer-reviewed articles from private libraries were utilized in the systemic review only if the citations and abstracts could be found in the online databases. The search strategy started with the general terms (e.g., point-of-care testing, bedside testing, etc.) and concluded in specific settings, disease states, and outcomes (e.g., emergency room, blunt trauma, mortality). Method comparison studies that compared a POCT system to central laboratory system for analytical correlation were excluded from the review.  

The two clinical questions that we sought to address for each analyte and for a given clinical setting, disease state, and outcome measure were:

1. Is there evidence in the peer-reviewed literature that more rapid TTAT of a (lab test) result leads to (outcome) improvement, in the (setting)   for patients with (disease)?

2. Does POCT of (lab test) for patients with (disease) in the (setting) improve (outcome), when compared to core laboratory testing?

Arterial Blood Gases

Arterial blood gases typically have uses in a variety of settings (including intensive care units, emergency department, cardiac surgery, and extracorporeal membrane oxygenation [ECMO]), each with its own requirements for speed in obtaining results. 

Intensive Care Unit

1. Is there evidence in the peer-reviewed literature that more rapid TTAT of ABG results leads to morbidity and/or mortality improvement in the intensive care unit for patients with critical illnesses? 

Search Criteria: (((rapid laboratory results) 4,242 results OR (rapid test) 24,955 results OR (turnaround time) 756 results) 29,953 total results AND ((intensive care) 59,406 results OR (critical care) 13,887 results) 73,293 total results AND ((improvement) 189,743 results OR (reduction) 446,019 results OR (benefit) 120,116 results OR (morbidity) 881,682 results OR (mortality) 124,584 results OR (adverse) 733,113 results) 2,495,257 total results AND ((blood gases) 26,465 results OR (arterial gas) 18,882 results OR (ABG) 228 results) 45,575 total results) 7 citations
A major concern for ICUs is the maintenance of tissue oxygenation, ventilation, and normal acid-base status.  Because life-threatening changes in these parameters can occur suddenly, rapid results are often needed for effective monitoring and treatment in the ICU (7).  The following paragraphs summarize studies that showed either a positive impact or little impact of rapid TTAT in the ICU setting.

In a report on two critically ill patients who required frequent arterial blood gas monitoring for assessing pulmonary function and adjusting ventilator settings, some clinical and cost advantages were seen over several days in these ICU patients (8).
During high frequency oscillatory ventilation (HFOV) in preterm infants with severe lung disease, very rapid results were necessary to detect and evaluate the rapid changes in PO2 and PCO2 that occur with changes in oscillatory amplitude (9).  

In patients with sepsis, early goal-directed therapy had a significant reduction in mortality (31%) compared to standard treatment protocol (47%). Among the parameters that were significantly different were central venous oxygen saturation (70% vs 65%) and pH (7.40 vs 7.36) (10).

In 12 cases of neonatal seizures, clinically-significant acidosis was found in 30% of neonates and the majority of seizures were not associated with intrapartum hypoxia or ischemia (11).  In another study, an umbilical artery pH less than 7.0 was the most important blood gas parameter in predicting early onset of neonatal seizure (12). 

However, therapeutic TAT between a central blood gas lab, a satellite blood gas lab, and point of care testing devices was compared in a study (13). The article contained the following observations regarding TTAT and outcomes: 1. more frequent rapid blood gas testing did not often cause a change in treatment; 2. most blood gas results were used to confirm that treatment was going well (i.e., patient well-ventilated); and 3. glucose and electrolyte testing produced a change in treatment far more often than did blood gas testing.

Recommendation:


2. Does POCT of ABGs for patients with critical illness in the intensive care unit improve morbidity and/or mortality, when compared to core laboratory testing?

Search Criteria: (((point of care testing) 2044 results OR (bedside testing) 1765 results OR (ancillary testing) 382 results OR (near patient testing) 648 results OR (NPT) 628 results OR (POCT) 59 results OR (decentralized testing) 70 results OR (STAT laboratory) 259 results OR (satellite laboratory) 280 results) 6135 total results AND ((rapid laboratory results) 4,242 results OR (rapid test) 24,955 results OR (turnaround time) 756 results) 29,953 total results AND ((intensive care) 59,406 results OR (critical care) 13,887 results) 73,293 total results AND ((improvement) 189,743 results OR (reduction) 446,019 results OR (benefit) 120,116 results OR (morbidity) 881,682 results OR (mortality) 124,584 results OR (adverse) 733,113 results) 2,495,257 total results AND ((blood gases) 26,465 results OR (arterial gas) 18,882 results OR (ABG) 228 results) 45,575 total results) 9 citations
Blood gas testing has been mentioned as the most-often needed POC test in the ICU (14, 15). The observed advantages of POCT were decreased therapeutic TAT (TTAT), fewer errors, and reduced blood loss. There was much less evidence for earlier diagnosis, decreased LOS in ICUs, decreased costs or decreased mortality. In a neonatal/pediatric ICU, only a marginal improvement in TAT was achieved, and costs were comparable only if labor was not included in POC test costs (16). 

Certain modes of POC testing may or may not be optimal for ICU use. An early report from 1990 described the essential nature of blood gas tests in ICU care at a single medical center, with both potential benefits and shortcomings of POC blood gas instruments (and pulse oximeters) mentioned (7). Benefits included: real-time treatment with reduced TTAT, reduction in unneeded therapies, more rapid administration of needed therapies, decrease in hospital/ICU stay, decrease in medical costs, reduction in laboratory errors (i.e., labeling, transport), and acceptance by clinicians and patients. Shortcomings included: less reliability (in general) compared to laboratory testing, pulse oximetry could not monitor PO2, PCO2, or pH so it could not be used alone, no direct evidence for improved clinical outcomes, quality control issues with non-laboratory users, and more clinical studies were needed.

In some hospitals, the central laboratory can perform blood gas measurements as quickly as POCT methods. This was documented in a study at a large academic medical center (17). The quality in both settings was found to be satisfactory. Using a pneumatic tube system, the central laboratory’s TTAT was equivalent to that of a satellite laboratory in a neonatal ICU. The total cost per reportable result was substantially higher for the satellite. Therefore, the cost-benefit analysis revealed that the central laboratory was an appropriate path for the ABG testing.
Staff satisfaction, comparing a central blood gas lab, a satellite blood gas lab, and other point of care testing devices, was evaluated (13). Therapeutic TAT was about the same for satellite and POC testing, with both much faster than central lab. The satellite lab scored the highest overall for staff satisfaction, with other types of POC blood gas testing being second.

In newborns on ventilators, use of an in-line device (SensCath) required less blood (1.2 vs 6.7 mL) and led to faster ventilator changes (2 vs 26 min), although no data suggested this improved outcomes (18).

In a study of blood gases measured by three techniques: intra-arterial probes, transcutaneous devices, and standard in vitro blood gas analyzers, although correlations were reasonable, the report noted that many intra-arterial probes failed during use and were much more expensive (19). An early report stands the test of time in its assessment and predictions of the limitations of noninvasive devices, implantable blood gas sensors, and in-line sensors (20).  While numerous technical problems have been found, most are related to formation of clots around the invasive sensor.   

An interdepartmental team approach is often necessary to achieve the full potential benefits of POC testing.  In one report, POCT was regarded as a supplement, not a replacement for, conventional laboratory services. Clinicians expressed a preference for rapid transport systems rather than bedside testing as the solution (15).  

Recommendation:


3. Does POCT of ABGs for patients with critical illness in the intensive care unit reduce costs, when compared to core laboratory testing?

Search Criteria: (((point of care testing) 2044 results OR (bedside testing) 1765 results OR (ancillary testing) 382 results OR (near patient testing) 648 results OR (NPT) 628 results OR (POCT) 59 results OR (decentralized testing) 70 results OR (STAT laboratory) 259 results OR (satellite laboratory) 280 results) 6135 total results AND ((rapid laboratory results) 4,242 results OR (rapid test) 24,955 results OR (turnaround time) 756 results) 29,953 total results AND ((intensive care) 59,406 results OR (critical care) 13,887 results) 73,293 total results AND ((blood gases) 26,465 results OR (arterial gas) 18,882 results OR (ABG) 228 results) AND ((expense) 11,156 results OR (cost) 300,154 results) 311,310 total results) 2 citations
Using decision analysis methods, three models of postoperative POC blood gas testing for CABG patients were developed and evaluated for economic value.  These were: 1. a STAT lab in a large tertiary care medical center with 15 min TAT; 2. STAT testing in a central laboratory of a large community hospital with a 30 min TAT; and 3. STAT testing in a central laboratory of a medium-large community hospital with a 45 min TAT (21).  The cost savings related to faster TAT were primarily due to fewer adverse events and/or earlier detection of these adverse events.  Some adverse clinical events benefited greatly by faster TAT (ventricular arrhythmias and cardiac arrests), while others were relatively sindependent of TAT (postoperative bleeding and iatrogenic anemia). This study used clinical experts to define probabilities of adverse events leading to a mathematical analysis instead of a prospective clinical study.

Although blood gas testing was a small part of the testing evaluated, one report describes the process, the economics, the attitudes, and the clinical and economic benefits of implementing POC testing in a large medical center that previously had a variety of STAT-type laboratories (22).  Although considerable cost savings ($392,000 per year) were reported, the majority of these were in labor savings ($495,000 per year), which more than made up for the otherwise increased cost ($145,000 per year) of POC.  POC is especially cost effective when it allows closure of a pre-POC laboratory that is extremely inefficient, as one described here which averaged less than one test/day per FTE (5.0 FTEs worked in this laboratory).  

Recommendation:


Emergency Department

1. Is there evidence in the peer-reviewed literature that more rapid TTAT of ABG results leads to morbidity and/or mortality improvement in the emergency department for patients with critical illnesses? 

Search Criteria: (((rapid laboratory results) 4,242 results OR (rapid test) 24,955 results OR (turnaround time) 756 results) 29,953 total results AND ((emergency department) 43,058 results OR (ED) 168,939 results) 211,997 total results AND ((improvement) 189,743 results OR (reduction) 446,019 results OR (benefit) 120,116 results OR (morbidity) 881,682 results OR (mortality) 124,584 results OR (adverse) 733,113 results) 2,495,257 total results AND ((blood gases) 26,465 results OR (arterial gas) 18,882 results OR (ABG) 228 results) 45,575 total results) 1 citation 
In a study of 116 non-intubated adult blunt trauma patients, about 20% had conditions possibly related to occult shock. Blood gas results helped recognize patients who were hyperventilating (PCO2 < 30 mmHg) and who had unrecognized metabolic acidosis, patients with worse than expected metabolic acidosis, and patients with low PO2 who responded to positive pressure ventilation (27).  Because blood gas results could help to triage such patients from those who are more stable, they concluded that ABG analysis should be performed on all blunt trauma patients who meet even minimal severity criteria. 

Recommendation:


2. Does POCT of ABGs for patients with critical illness in the emergency department improve morbidity and/or mortality, when compared to core laboratory testing?

Search Criteria: (((point of care testing) 2044 results OR (bedside testing) 1765 results OR (ancillary testing) 382 results OR (near patient testing) 648 results OR (NPT) 628 results OR (POCT) 59 results OR (decentralized testing) 70 results OR (STAT laboratory) 259 results OR (satellite laboratory) 280 results) 6135 total results AND ((rapid laboratory results) 4,242 results OR (rapid test) 24,955 results OR (turnaround time) 756 results) 29,953 total results AND ((emergency department) 43,058 results OR (ED) 168,939 results) 211,997 total results AND ((improvement) 189,743 results OR (reduction) 446,019 results OR (benefit) 120,116 results OR (morbidity) 881,682 results OR (mortality) 124,584 results OR (adverse) 733,113 results) 2,495,257 total results AND ((blood gases) 26,465 results OR (arterial gas) 18,882 results OR (ABG) 228 results) 45,575 total results) 5 citations
A review of 99 articles published between 1985 and 2001 on overall POC testing in the ED reported that: 1. POC technology appears to be reliable in an ED setting; 2. cost and connectivity are difficult but important issues for greater acceptance of POCT in the ED; 3. ultimately, improved patient care must be evaluated to offset the costs of POC testing (23). The impact of POC testing on outcomes in the ED, ICU, OR, and primary care, can be measured in a variety of ways.  These include: mortality, morbidity, earlier or more effective intervention, lower cost while maintaining quality, safety, patient or physician satisfaction, and return to normal life-style (24). 

For patients admitted to the ED, POC blood gas testing allowed a decision to be made an average of 21 minutes earlier compared to central laboratory testing (25). This was apparently better than other POC tests, for which a rapid result by point of care testing led to a change in management in only 6.9% of patients. Another report similarly noted that, while electrolytes and BUN did not influence initial management of major trauma, Hb, glucose, blood gases and lactate occasionally helped reduce morbidity or save resources (26). Another report noted that rapid delivery of blood gas results was required for respiratory distress, severe trauma and head injury (24).

Portable POC devices are often used for patients transported to the ED by helicopter and ambulances.  In one report, POC testing was expected to allow the crew to assess the patient, identify problems, and administer treatment earlier (28). 

Recommendation:

Cardiac Surgery: Adult and Neonatal

1. Is there evidence in the peer-reviewed literature that more rapid TTAT of ABG results leads to morbidity and/or mortality improvement during cardiac surgery? 

Search Criteria: (((rapid laboratory results) 4,242 results OR (rapid test) 24,955 results OR (turnaround time) 756 results) 29,953 total results AND ((cardiac surgery) 18,565 results OR (congenital heart surgery) 4,677 results) 23,242 total results AND ((improvement) 189,743 results OR (reduction) 446,019 results OR (benefit) 120,116 results OR (morbidity) 881,682 results OR (mortality) 124,584 results OR (adverse) 733,113 results) 2,495,257 total results AND ((blood gases) 26,465 results OR (arterial gas) 18,882 results OR (ABG) 228 results) 45,575 total results) 5 citations
During cardiac surgery, blood gas and hemoglobin measurements are often used to calculate O2 consumption and CO2 production, with blood lactate measured to evaluate the presence of ischemia (29).  Even when O2 consumption is low during normothermic CPB, the normal blood lactates suggests there is no tissue ischemia present. In another study, the arterial PO2 decreased markedly during deep hypothermic circulatory arrest (DHCA) and the measurement of arterial PO2 during DHCA may provide a surrogate method for determining maximum safe time under DHCA for adults (30). 
In pediatric cardiac surgery, indwelling monitors are often not practical.  Therefore, rapid blood gas and other test results often provide the only means to monitor the patient.  Rapid blood gas results were noted to allow better control of cerebral blood flow and oxygen delivery in infants during cardiac surgery (32).  Another report makes a strong case for rapid blood gas results during operations in neonates with congenital heart defects, during which ventilator adjustments are critical for optimal patient care (33). A recent study of 155 patients presented data that suggest that an abnormal lactate pattern may be useful in determining the timing of cardiopulmonary support initiation in hemodynamically stable patients with high or rising lactate values, before cardiac arrest or end-organ damage (34).
Recommendation:

2. Does POCT of ABGs for patients during cardiac surgery improve morbidity and/or mortality, when compared to core laboratory testing?

Search Criteria: (((point of care testing) 2044 results OR (bedside testing) 1765 results OR (ancillary testing) 382 results OR (near patient testing) 648 results OR (NPT) 628 results OR (POCT) 59 results OR (decentralized testing) 70 results OR (STAT laboratory) 259 results OR (satellite laboratory) 280 results) 6135 total results AND ((rapid laboratory results) 4,242 results OR (rapid test) 24,955 results OR (turnaround time) 756 results) 29,953 total results AND ((cardiac surgery) 18,565 results OR (congenital heart surgery) 4,677 results) 23,242 total results AND ((improvement) 189,743 results OR (reduction) 446,019 results OR (benefit) 120,116 results OR (morbidity) 881,682 results OR (mortality) 124,584 results OR (adverse) 733,113 results) 2,495,257 total results AND ((blood gases) 26,465 results OR (arterial gas) 18,882 results OR (ABG) 228 results) 45,575 total results) 2 citations
A recent prospective study (with a historical control group) that included 2366 post-congenital heart surgery patients (710 pts in the POCT group; 1656 pts in the central laboratory control group) evaluated oxygen debt (ischemia) in these critically ill patients as monitored by whole blood lactate (18). The study results showed a 50% reduction (p=0.02) in mortality overall, between the POCT cohort compared to the central laboratory cohort. Improvement was greatest in the neonates and highest risk patients (35).
In another clinical evaluation, POC testing during open-heart surgery of ABGs reduced the TAT from 25 min (central lab) to 3 min, and enhanced the care of patients (31).


Recommendation:

Glucose  

Glucose measurements typically have uses in a variety of critical settings, each with its own requirements for speed in obtaining results. 

1. Is there evidence in the peer-reviewed literature that more rapid TTAT of glucose results leads to morbidity and/or mortality improvement in patients with critical illnesses? 

Search Criteria: (((rapid laboratory results) 4,242 results OR (rapid test) 24,955 results OR (turnaround time) 756 results) 29,953 total results AND ((intensive care) 59,406 results OR (critical care) 13,887 results) 73,293 total results AND ((improvement) 189,743 results OR (reduction) 446,019 results OR (benefit) 120,116 results OR (morbidity) 881,682 results OR (mortality) 124,584 results OR (adverse) 733,113 results) 2,495,257 total results AND (glucose) 274,635 results) 31 citations 

Four observations have been documented in the literature as important rationales for time-critical testing of glucose:  1) glucose levels may not be known at times when rapid therapeutic options (i.e., glucose or insulin infusions) can influence clinical outcomes (36-40); 2) glucose levels may change rapidly and dramatically in critically ill patients (37, 41); 3) there are time-dependent risks associated with hypoglycemia, ranging from symptoms of neuroglycopenia (e.g., headache, confusion, blurred vision, dizziness, and epigastric discomfort) to seizures, loss of consciousness, irreversible damage, and even death (42-48, 65); and 4) there are also time-dependent risks associated with hyperglycemia including irreversible/ischemic brain damage, nosocomial infections, polyneuropathy, and mortality (37,46-48,49-64).  Taken together, the composite clinical outcome information reveals a persuasive argument for the need for accurate and precise time-critical glucose results in many critical care settings. 

In a landmark article (61), Van den Berghe et al demonstrated that intensive insulin therapy maintaining blood glucose at or below 110 mg/dL reduces morbidity and mortality among critically ill patients in the surgical intensive care unit, regardless of whether they had a history of diabetes mellitus.

Recommendation:


2. Does POCT of glucose for patients with critical illnesses improve morbidity and/or mortality, when compared to core laboratory testing?

Search Criteria: : (((point of care testing) 2044 results OR (bedside testing) 1765 results OR (ancillary testing) 382 results OR (near patient testing) 648 results OR (NPT) 628 results OR (POCT) 59 results OR (decentralized testing) 70 results OR (STAT laboratory) 259 results OR (satellite laboratory) 280 results) 6135 total results AND ((rapid laboratory results) 4,242 results OR (rapid test) 24,955 results OR (turnaround time) 756 results) 29,953 total results AND ((intensive care) 59,406 results OR (critical care) 13,887 results) 73,293 total results AND ((improvement) 189,743 results OR (reduction) 446,019 results OR (benefit) 120,116 results OR (morbidity) 881,682 results OR (mortality) 124,584 results OR (adverse) 733,113 results) 2,495,257 total results AND (glucose) 274,635 results) 1 citation
In a landmark article (66), Furnary et al demonstrated that continuous insulin infusion eliminates the incremental increase in in-hospital mortality after coronary artery bypass grafting (CABG) associated with diabetes mellitus. They concluded that continuous insulin infusion should become the standard of care for glycometabolic control in patients with diabetes undergoing a CABG procedure. Assuming the imprecision and accuracy of the POCT glucose assay is adequate, Furnary stated that POCT is a necessity for administering the Portland Protocol because there are points in the protocol where the insulin administration is adjusted every 30 minutes.
Recommendation


Lactate  

Lactate measurements typically have uses in a variety of critical settings, each with its own requirements for speed in obtaining results. 

1. Is there evidence in the peer-reviewed literature that more rapid TTAT of lactate results leads to morbidity and/or mortality improvement in patients with critical illnesses? 

Search Criteria: (((rapid laboratory results) 4,242 results OR (rapid test) 24,955 results OR (turnaround time) 756 results) 29,953 total results AND ((intensive care) 59,406 results OR (critical care) 13,887 results) 73,293 total results AND ((improvement) 189,743 results OR (reduction) 446,019 results OR (benefit) 120,116 results OR (morbidity) 881,682 results OR (mortality) 124,584 results OR (adverse) 733,113 results) 2,495,257 total results AND (lactate) 91,783 results) 34 citations

To interpret lactate requires two key pieces of information: 1) an understanding of the clinical circumstance leading to the increase in lactate (e.g., late septic shock, exercise, liver compromise), and 2) the length of time that lactate has been elevated (which requires serial lactate analyses to give an estimate of cumulative oxygen debt).  Depending on the clinical setting, recognizing an increase in lactate as soon as possible, coupled with immediate resuscitation, is usually associated with improved outcomes (67-100).

Any location handling critically ill patients (e.g., ED, OR, ICU) whose lactate levels may be elevated can better serve their patients by having rapid TTAT of lactate results including:  

a) in the ED, patients presenting with acute abdomen (67-70), acute myocardial infarction (71,72), asthma (73), cardiac arrest (74), cyanide poisoning (75-77), intracranial pressure (78), pulmonary embolism (79), occult illness (80-83), shock (84), need for transfusion (85), and trauma (86-88) may benefit; 

b) in the OR, patients with congenital heart surgery (89), intracranial pressure (78), liver transplant (90), shock (84), thoracoabdominal aortic aneurysm (91), and transfusion (85,88) may benefit; and

c) in the ICU, patients include those with acute myocardial infarction (72), anemia of prematurity (85), circulatory shock (84,93), cyanide poisoning (75-77), ECMO (94,95), heart surgery (96-98), intracranial pressure (78), liver transplant (90), high-risk surgery (abdominal, vascular) (99), pulmonary embolism (79), transfusion (85,88), and burns (92) may benefit.  

Rivers et al (100) showed that goal-directed therapy provided at the earliest stages of severe sepsis and septic shock (as defined by lactate and other blood gas parameters), prior to admission to the intensive care unit, reduced the incidence of multiorgan dysfunction, mortality, and the use of health care resources. They concluded that the improved outcomes arise from the early identification of patients at high risk for cardiovascular collapse and from early therapeutic  intervention to restore a balance between oxygen delivery and demand.
Recommendation:


2. Does POCT of lactate for patients with critical illnesses improve morbidity and/or mortality, when compared to core laboratory testing?

Search Criteria: (((point of care testing) 2044 results OR (bedside testing) 1765 results OR (ancillary testing) 382 results OR (near patient testing) 648 results OR (NPT) 628 results OR (POCT) 59 results OR (decentralized testing) 70 results OR (STAT laboratory) 259 results OR (satellite laboratory) 280 results) 6135 total results AND ((rapid laboratory results) 4,242 results OR (rapid test) 24,955 results OR (turnaround time) 756 results) 29,953 total results AND ((intensive care) 59,406 results OR (critical care) 13,887 results) 73,293 total results AND ((improvement) 189,743 results OR (reduction) 446,019 results OR (benefit) 120,116 results OR (morbidity) 881,682 results OR (mortality) 124,584 results OR (adverse) 733,113 results) 2,495,257 total results AND (lactate) 91,783 results) 1 citation

In a recent prospective study with a historical control group, a goal-directed therapy algorithm (based on serial lactate values obtained from a POCT device) was utilized in an attempt to test the hypothesis that rapid diagnostic testing combined with goal-directed therapy could reduce the mortality of patients after congenital heart therapy (35). The results showed that a 50% reduction (p=0.02) in mortality overall, between the POCT cohort compared to the central laboratory cohort. The most significant reductions in mortality were seen in neonates (73%; p=0.02) and patients undergoing higher risk operations (67%; p=0.006). 

Recommendation:


Magnesium 

Magnesium measurements typically have uses in a variety of critical settings, each with its own requirements for speed in obtaining results. 

1. Is there evidence in the peer-reviewed literature that more rapid TTAT of magnesium results leads to morbidity and/or mortality improvement in patients with critical illnesses? 

Search Criteria: (((rapid laboratory results) 4,242 results OR (rapid test) 24,955 results OR (turnaround time) 756 results) 29,953 total results AND ((intensive care) 59,406 results OR (critical care) 13,887 results) 73,293 total results AND ((improvement) 189,743 results OR (reduction) 446,019 results OR (benefit) 120,116 results OR (morbidity) 881,682 results OR (mortality) 124,584 results OR (adverse) 733,113 results) 2,495,257 total results AND (magnesium) 71,753 results) 60 citations

Magnesium has clinical value in cardiovascular and oxidative stress/inflammatory settings (101-106). It is a cofactor in > 325 enzymatic reactions, including virtually all of the reactions involved in energy exchange. Its involvement with nucleoside triphosphate pumps makes it very important to electrolyte balance. This, in turn, makes it important to conduction and contraction and, therefore, to cardiac rhythm, cardiac output, and blood pressure. It is also a cofactor for enzymes involved in eliminating oxygen free radicals and controlling nuclear factor kappa B activation (cytokine and adhesion molecule production).  In general, magnesium is a regulating factor in hemodynamics, vascular tone, reperfusion injury, platelet aggregation, and the inflammatory response (101-106).  

Any location handling critically ill patients (e.g., ED, OR, ICU) with cardiovascular symptoms, or where reperfusion injury or an inflammatory response exists, may benefit from rapid TTAT of magnesium results to guide magnesium therapy. This includes patients experiencing electrolyte imbalances, being treated with inotropes (digoxin) and antiarrhythmic drugs, experiencing hypoxia, or receiving i.v. magnesium therapy:

a) in the ED, patients presenting with ischemic heart disease (including AMI) (107-120), arrhythmia (110-113,117,121-124), asthma (125), cardiac arrest (126), cerebral vascular tension/vasospasm (111,127), coagulation problems (128), coronary vasospasm (111,129), digitalis toxicity (111-113,117,121,130), electrolyte imbalances from diuretics (112,113), adverse drug reactions (nitrates and ACE inhibitors) (131), head ache (132), head trauma (133-140), heart failure (112,121-124), hypotension (141), infarct (142), preeclampsia/eclampsia (111,157), seizures (141), sepsis (143-145), and stroke (111) may benefit; 

b) in the OR, patients presenting with arrhythmia (110,111,121,122,142), experiencing clotting problems (128), coronary vasospasm (111,129), cerebral vasospasm (111), head trauma/surgery (134,135,137-140), heart surgery (126,146-149), liver transplant (150), and stroke (111) may benefit; and

c) in the ICU, patients presenting with ischemic heart disease (including AMI) (109-120), arrhythmia (110-113,117,121-124,142,151), cardiac arrest (126), cardiogenic shock (152), cerebral vascular tension/vasospasm (111,127), clotting (128), coronary vasospasm (111,129), cramps (159,160), digitalis toxicity (111-113.117,121,130), diuretic therapy (112,113), drug therapy (nitrates and ACE inhibitors) (131), head trauma/surgery (133-140), heart failure (112,121-124), heart surgery (146-149,151,153), hypotension (141), infarct (142), liver transplant (150),neonates from mothers receiving Mg therapy (155,158), pain (156), seizures (141,151), sepsis (143-145), shock (154), and stroke (111) may benefit.  

Recommendation:

2. Does POCT of magnesium for patients with citical illnesses improve morbidity and/or mortality, when compared to core laboratory testing?

Search Criteria: (((point of care testing) 2044 results OR (bedside testing) 1765 results OR (ancillary testing) 382 results OR (near patient testing) 648 results OR (NPT) 628 results OR (POCT) 59 results OR (decentralized testing) 70 results OR (STAT laboratory) 259 results OR (satellite laboratory) 280 results) 6135 total results AND ((rapid laboratory results) 4,242 results OR (rapid test) 24,955 results OR (turnaround time) 756 results) 29,953 total results AND ((intensive care) 59,406 results OR (critical care) 13,887 results) 73,293 total results AND ((improvement) 189,743 results OR (reduction) 446,019 results OR (benefit) 120,116 results OR (morbidity) 881,682 results OR (mortality) 124,584 results OR (adverse) 733,113 results) 2,495,257 total results AND (magnesium) 71,753 results) 0 citations

Taken together, the composite TTAT information above (101-160) demonstrates that accurate and precise time-critical Mg results, supplied by POCT, may lead to better outcomes in critical care settings. However, no POCT outcome studies of magnesium in critical care patient populations were found.
Recommendation:

Cooximetry 

“Cooximetry” means measurement of hemoglobin pigments by dedicated multi-wavelength spectrophotometry. The instrument for that may be stand-alone or part of a blood gas analyzer. It usually measures and reports total hemoglobin, oxygen saturation (= HbO2/(HbO2 + deoxyHb)) or oxyhemoglobin fraction (= HbO2/tHb), carboxyhemoglobin (HbCO), and methemoglobin (MetHb).
Cooximetry typically have uses in a variety of clinical settings, each with its own requirements for speed in obtaining results. 

Oxygen Saturation

1. Is there evidence in the peer-reviewed literature that more rapid TTAT of oxygen saturation results leads to morbidity and/or mortality improvement in patients with critical illnesses? 

Search Criteria: (((rapid laboratory results) 4,242 results OR (rapid test) 24,955 results OR (turnaround time) 756 results) 29,953 total results AND ((intensive care) 59,406 results OR (critical care) 13,887 results) 73,293 total results AND ((improvement) 189,743 results OR (reduction) 446,019 results OR (benefit) 120,116 results OR (morbidity) 881,682 results OR (mortality) 124,584 results OR (adverse) 733,113 results) 2,495,257 total results AND (oxygen saturation) 15,461 results) 4 citations 

Oxygen saturation by cooximetry can be used to check the pO2 of blood gas analyzers, because oxygen saturation and pO2 are tightly linked (through the oxygen hemoglobin equilibrium curve). A discrepancy between predicted and measured pO2 may indicate an error.

Oxygen saturation by cooximetry can also be used to check the pulse oximeter, which is widely used for monitoring a patient’s arterial oxygen saturation. Pulse oximetry is a non-invasive POCT technology that continuously measures the oxygen saturation of pulsating blood (by two wavelengths absorptiometry). A cooximeter, on the other hand, requires an arterial sample.

Pulse oximetry has been shown to reveal hypoxemic episodes accurately (161). In a number of clinical settings (e.g., asthma, obstetrics, neonatal ICU), pulse oximetry has been shown to improve outcomes (162,163,164).

Recommendation:
There is fair evidence that more rapid TTAT of oxygen saturation results in, critical care patient settings, leads to improved clinical outcomes. Overall, we recommend that rapid TTAT of oxygen saturation results be considered as a way to improve outcomes in critical care patient settings. (Class: B; Level of Evidence: II)
2. Does POCT of oxygen saturation by cooximetry for patients with critical illnesses improve morbidity and/or mortality, when compared to core laboratory testing?

(((point of care testing) 2044 results OR (bedside testing) 1765 results OR (ancillary testing) 382 results OR (near patient testing) 648 results OR (NPT) 628 results OR (POCT) 59 results OR (decentralized testing) 70 results OR (STAT laboratory) 259 results OR (satellite laboratory) 280 results) 6135 total results AND ((rapid laboratory results) 4,242 results OR (rapid test) 24,955 results OR (turnaround time) 756 results) 29,953 total results AND ((intensive care) 59,406 results OR (critical care) 13,887 results) 73,293 total results AND ((improvement) 189,743 results OR (reduction) 446,019 results OR (benefit) 120,116 results OR (morbidity) 881,682 results OR (mortality) 124,584 results OR (adverse) 733,113 results) 2,495,257 total results AND (oxygen saturation) 15,461 results) 0 citations

The applications of oxygen saturation by cooximetry do not require POCT.  Pulse oximetry is preferred for POCT of oxygen saturation, rather than oxygen saturation by cooximetry.

Recommendation:
POCT of oxygen saturation by cooximetry is not required in critical care settings. Overall, we recommend pulse oximetry as the preferred method. (Class: D; Level of Evidence: II)
Carboxyhemoglobin

1. Does POCT of carboxyhemoglobin (with rapid TTAT) for patients with critical illnesses improve morbidity and/or mortality, when compared to core laboratory testing?

Search Criteria: (((point of care testing) 2044 results OR (bedside testing) 1765 results OR (ancillary testing) 382 results OR (near patient testing) 648 results OR (NPT) 628 results OR (POCT) 59 results OR (decentralized testing) 70 results OR (STAT laboratory) 259 results OR (satellite laboratory) 280 results) 6135 total results AND ((rapid laboratory results) 4,242 results OR (rapid test) 24,955 results OR (turnaround time) 756 results) 29,953 total results AND ((intensive care) 59,406 results OR (critical care) 13,887 results) 73,293 total results AND ((improvement) 189,743 results OR (reduction) 446,019 results OR (benefit) 120,116 results OR (morbidity) 881,682 results OR (mortality) 124,584 results OR (adverse) 733,113 results) 2,495,257 total results AND (carboxyhemoglobin) 2,991 results) 3 citations
The diagnosis of carbon monoxide (CO) poisoning requires that the physician suspects the condition and orders a determination of HbCO. Two studies demonstrate the benefit of screening of patients presenting with flu-like symptoms (165) or headache (166) for CO poisoning. 

The studies were performed at two different emergency departments and involved all patients presenting with these symptoms in inner-city populations during the heating months. The emergency physicians suspected or diagnosed none of 20 patients with HbCO >10 % based on clinical examination alone, in spite of a prevalence of 20 % of this condition. The advantage of screening for CO poisoning is to avoid a return to a hazardous environment with potentially fatal consequences that may include the cohabitants. 
A correct and timely diagnosis of occult CO poisoning in this setting requires easy access to POCT. A third study (167) used HbCO by cooximetry to screen all patients admitted from the emergency department with diagnoses other than CO poisoning. In this population, only 0.4 % had HbCO > 10 %, one of whom was presenting with seizures.

Recommendation:

There is good evidence that POCT of carboxyhemoglobin (HbCO) results leads to improved clinical outcomes, in critical care patient settings, when POCT is found to lead to reduced TTAT compared to the central laboratory. Overall, we recommend that POCT of carboxyhemoglobin (HbCO) results be considered as a way to improve outcomes in critical care patients. More prospective randomized controlled studies need to be performed. (Class: B; Level of Evidence: II) 
Methemoglobin

1.
Does POCT of methemoglobin (with rapid TTAT) for patients with critical illnesses improve morbidity and/or mortality, when compared to core laboratory testing?

Search Criteria: (((point of care testing) 2044 results OR (bedside testing) 1765 results OR (ancillary testing) 382 results OR (near patient testing) 648 results OR (NPT) 628 results OR (POCT) 59 results OR (decentralized testing) 70 results OR (STAT laboratory) 259 results OR (satellite laboratory) 280 results) 6135 total results AND ((rapid laboratory results) 4,242 results OR (rapid test) 24,955 results OR (turnaround time) 756 results) 29,953 total results AND ((intensive care) 59,406 results OR (critical care) 13,887 results) 73,293 total results AND ((improvement) 189,743 results OR (reduction) 446,019 results OR (benefit) 120,116 results OR (morbidity) 881,682 results OR (mortality) 124,584 results OR (adverse) 733,113 results) 2,495,257 total results AND (methemoglobin) 4,750 results) 3 citations
A literature review (168) describes 54 cases of benzocaine induced methemoglobinemia during intubation and endoscopy/bronchoscopy. Administration of the local anesthetic benzocaine may produce life-threatening methemoglobinemia. Early detection of the condition is necessary for timely intervention, and it can best be achieved with POCT.

Two studies describe increased MetHb in patients with sepsis and septic shock. One (169) compared MetHb between groups of patients in an ICU, and one (170) used MetHb as marker of endogenous nitric oxide production in children with septic shock in a pediatric ICU, and compared the results to a matched healthy control group. In both studies, MetHb was significantly higher in patients with sepsis. However, MetHb did not correlate with clinical markers or severity of illness. Sepsis is potentially lethal and must be diagnosed early. 

Recommendation:
There is fair evidence that POCT of methemoglobin results leads to improved clinical outcomes, in critical care patient settings. Overall, we recommend that POCT of methemoglobin results be considered as a way to improve outcomes in critical care patients and that more prospective randomized controlled studies need to be performed. (Class: B; Level of Evidence: II)
Electrolytes (Na+, K+, Cl-)

Electrolyte measurements typically have uses in a variety of clinical settings, each with its own requirements for speed in obtaining results. 

Emergency Department 
1. POCT of electrolytes (with rapid TTAT) for patients with critical illness in the emergency room improve morbidity and/or mortality, when compared to core laboratory testing?

Search Criteria: (((point of care testing) 2044 results OR (bedside testing) 1765 results OR (ancillary testing) 382 results OR (near patient testing) 648 results OR (NPT) 628 results OR (POCT) 59 results OR (decentralized testing) 70 results OR (STAT laboratory) 259 results OR (satellite laboratory) 280 results) 6135 total results AND ((rapid laboratory results) 4,242 results OR (rapid test) 24,955 results OR (turnaround time) 756 results) 29,953 total results AND ((emergency department) 43,058 results OR (ED) 168,939 results) 211,997 total results AND ((improvement) 189,743 results OR (reduction) 446,019 results OR (benefit) 120,116 results OR (morbidity) 881,682 results OR (mortality) 124,584 results OR (adverse) 733,113 results) 2,495,257 total results AND (electrolytes) 306,136 results) 8 citations
Several studies have shown that therapeutic TAT is clearly decreased when POCT is used for measurement of electrolytes in the ED, leading to faster decisions on patient management (171-175).

In one study using randomized controls, change in treatment where timing was critical took place in 7% of patients when POCT was used (171).  However, there is no clear evidence that outcomes such as patient length of stay in the ED or in-hospital or total mortality are improved when POCT is used for initial ED screening (171,172).  In one study (173), patient LOS in the ED was decreased to 3:28 from 4:22, but only for discharged patients, because patients destined to be hospitalized required further diagnostic testing not offered at the point of care.  

Therapeutic TAT is shortened when POCT for electrolytes is used for screening of trauma patients in the ED (176). However, it is not clear that changes in patient management or outcomes result.  One exception is measurement of K+, where there is some indirect evidence that availability of K+ results in a time urgent manner (preoperatively) would improve patient outcomes (176).  Rapid availability of Na+ and Cl- results appear not to be influential in changing treatment of trauma patients (176,177).  An important benefit of using POCT to screen trauma patients is the ability to conduct analysis using small sample volumes, resulting in reduction in blood loss and reduced risk from transfusion when POCT is used (176). 

No change in patient treatment in the ED resulted from measurement of electrolytes (Na+, K+) using POCT during air transport to the ED (180).

Recommendation:


Intensive Care Unit
1.
Does POCT of electrolytes (with rapid TTAT) for patients with critical illness in the intensive care unit improve morbidity and/or mortality, when compared to core laboratory testing?

Search Criteria: (((point of care testing) 2044 results OR (bedside testing) 1765 results OR (ancillary testing) 382 results OR (near patient testing) 648 results OR (NPT) 628 results OR (POCT) 59 results OR (decentralized testing) 70 results OR (STAT laboratory) 259 results OR (satellite laboratory) 280 results) 6135 total results AND ((rapid laboratory results) 4,242 results OR (rapid test) 24,955 results OR (turnaround time) 756 results) 29,953 total results AND ((intensive care) 59,406 results OR (critical care) 13,887 results) 73,293 total results AND ((improvement) 189,743 results OR (reduction) 446,019 results OR (benefit) 120,116 results OR (morbidity) 881,682 results OR (mortality) 124,584 results OR (adverse) 733,113 results) 2,495,257 total results AND (electrolytes) 306,136 results) 2 citations

Therapeutic TAT (relative to the central laboratory) is improved when POCT (either near-patient testing or satellite lab) is used for the measurement of electrolytes in the adult ICU (177).  ICU staff also favored a dedicated satellite lab.  There are few correlations between reduced TAT for electrolyte results in the ICU and improved patient outcomes.  One important advantage of using POCT in the ICU is the ability to conduct analyses using small sample volumes, resulting in reduction in blood loss and reduced risk from transfusion when POCT is used (179). 

Recommendation:

Ionized Calcium – 
Ionized calcium measurements typically have uses in a variety of clinical settings, each with its own requirements for speed in obtaining results. Ionized calcium is a component of the critical care profile in the ED, OR, and ICU (181).
Emergency Department 

1. Does POCT of ionized calcium (with rapid TTAT) for patients with critical illness in the emergency department improve morbidity and/or mortality, when compared to core laboratory testing?

Search Criteria: (((point of care testing) 2044 results OR (bedside testing) 1765 results OR (ancillary testing) 382 results OR (near patient testing) 648 results OR (NPT) 628 results OR (POCT) 59 results OR (decentralized testing) 70 results OR (STAT laboratory) 259 results OR (satellite laboratory) 280 results) 6135 total results AND ((rapid laboratory results) 4,242 results OR (rapid test) 24,955 results OR (turnaround time) 756 results) 29,953 total results AND ((emergency department) 43,058 results OR (ED) 168,939 results) 211,997 total results AND ((improvement) 189,743 results OR (reduction) 446,019 results OR (benefit) 120,116 results OR (morbidity) 881,682 results OR (mortality) 124,584 results OR (adverse) 733,113 results) 2,495,257 total results AND (ionized calcium) 3,928 results) 2 citations
The availability of this test in the ED leads to faster TAT (within 5 mins) and reduced blood utilization. The significance of rapid ionized calcium measurement was stressed for cardiac arrest patients, since only 1-3% of these patients leave the hospital alive or impaired (182). The patients require prompt evaluation of ionized calcium and other electrolytes for proper interpretation and prompt initiation of therapy.

Recommendation:


Operating Room

1. Does POCT of ionized calcium (with rapid TTAT) for patients in the operating room improve morbidity and/or mortality, when compared to core laboratory testing?

Search Criteria: (((point of care testing) 2044 results OR (bedside testing) 1765 results OR (ancillary testing) 382 results OR (near patient testing) 648 results OR (NPT) 628 results OR (POCT) 59 results OR (decentralized testing) 70 results OR (STAT laboratory) 259 results OR (satellite laboratory) 280 results) 6135 total results AND ((rapid laboratory results) 4,242 results OR (rapid test) 24,955 results OR (turnaround time) 756 results) 29,953 total results AND ((surgery) results OR (operating room) results) total results AND ((improvement) 189,743 results OR (reduction) 446,019 results OR (benefit) 120,116 results OR (morbidity) 881,682 results OR (mortality) 124,584 results OR (adverse) 733,113 results) 2,495,257 total results AND (ionized calcium) 3,928 results) 1 citation

The significance of rapid ionized calcium measurement was stressed for patients undergoing cardiopulmonary bypass and liver transplant surgeries (181). The patients require prompt evaluation of ionized calcium and other electrolytes for proper interpretation and prompt initiation of therapy. 

Recommendation:


Intensive Care Unit

1. Is there evidence in the peer-reviewed literature that more rapid TTAT of ionized calcium results leads to morbidity and/or mortality improvement in the intensive care unit for patients with critical illnesses? 

Search Criteria: (((rapid laboratory results) 4,242 results OR (rapid test) 24,955 results OR (turnaround time) 756 results) 29,953 total results AND ((intensive care) 59,406 results OR (critical care) 13,887 results) 73,293 total results AND ((improvement) 189,743 results OR (reduction) 446,019 results OR (benefit) 120,116 results OR (morbidity) 881,682 results OR (mortality) 124,584 results OR (adverse) 733,113 results) 2,495,257 total results AND (ionized calcium) 3,928 results) 3 citations

The availability of this test in the ICU leads to faster TAT and reduced blood utilization. The significance of rapid ionized calcium measurement was stressed for shock burns and electrolyte imbalance patients; and those patients receiving blood transfusion. The patients require prompt evaluation of ionized calcium and other electrolytes for proper interpretation and prompt initiation of therapy (181).

An article by Singhi (183) that showed the significance and frequency of abnormalities of calcium in the PICU and the fact that mortality rate was higher in hypocalcemic patients. These hypocalcemic patients had longer hospital stays. In addition, Zivin (184) showed that hypocalcemia was associated with higher mortality and correlates with severity of illness. 

Recommendation:

2. Does POCT of ionized calcium for patients with critical illness in the intensive care unit improve morbidity and/or mortality, when compared to core laboratory testing?

Search Criteria: (((point of care testing) 2044 results OR (bedside testing) 1765 results OR (ancillary testing) 382 results OR (near patient testing) 648 results OR (NPT) 628 results OR (POCT) 59 results OR (decentralized testing) 70 results OR (STAT laboratory) 259 results OR (satellite laboratory) 280 results) 6135 total results AND ((rapid laboratory results) 4,242 results OR (rapid test) 24,955 results OR (turnaround time) 756 results) 29,953 total results AND ((intensive care) 59,406 results OR (critical care) 13,887 results) 73,293 total results AND ((improvement) 189,743 results OR (reduction) 446,019 results OR (benefit) 120,116 results OR (morbidity) 881,682 results OR (mortality) 124,584 results OR (adverse) 733,113 results) 2,495,257 total results AND (ionized calcium) 3,928 results) 5 citations
In a comprehensive review of criteria for POCT instrument evaluation, test menus, analysis times, and performance criteria, Kost (185) indicated that, in the critical care setting, ionized calcium measurement is obligatory because of the well-documented impact of ionized calcium on vital functions such as conduction and contraction of muscle cells. Specific examples cited included impact of ionized calcium for critically ill individuals with sepsis, hypocalcemia crisis, hypotension, heart failure, hyperkalemic dysrhythmia, and electromechanical dissociation (186, 187).  This review included references to the excellent correlation between the degree of hypocalcemia with mortality rate and the use of 0.70 mmol/l as a low limit threshold for ionized calcium (188). It eludes to the fact that POCT ionized calcium is critical for the continued proper management of critically ill patients and patients undergoing transplantation, cardiac, or other surgical procedure.  

Recommendation:
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There is some evidence that POCT of ABG results in the ICU may lead to reduced costs when compared to the central laboratory testing but the balance of benefit to no benefit is too close to justify in a given hospital. We have no recommendation for POCT of ABG results being considered as a way to reduce costs in the ICU. More prospective randomized controlled studies need to be performed. (Class: C; Level of Evidence: II)  











There is fair evidence that POCT of ABG results leads to improved clinical outcomes, in some types of ED patients, when POCT is found to lead to reduced TTAT compared to the central laboratory. Overall, we recommend that POCT of ABG results be considered as a way to improve outcomes in ED patients. More prospective randomized controlled studies need to be performed. (Class: B; Level of Evidence: II)








There is fair evidence that more rapid TTAT of ABG results in cardiac surgery patients leads to improved clinical outcomes. Overall, we recommend that more rapid TTAT of ABG results be considered as a way to improve outcomes in cardiac surgery patients. (Class: B; Level of Evidence: II)


  

















There is fair evidence that POCT of ionized calcium results leads to improved clinical outcomes, in ICU patients, when POCT is found to lead to reduced TTAT compared to the central laboratory. Overall, we recommend that POCT of ionized calcium results be considered as a way to improve outcomes in ICU patients. More prospective randomized controlled studies need to be performed. (Class: B; Level of Evidence: III)








There is fair evidence that more rapid TTAT of ionized calcium results in the ICU leads to improved clinical outcomes. Overall, we recommend that more rapid TTAT of ionized calcium results be considered as a way to improve outcomes in ICU patients. (Class: B; Level of Evidence: II)











There is some evidence that POCT of ionized calcium results leads to improved clinical outcomes, in circulatory arrest patients, when POCT is found to lead to reduced TTAT compared to the central laboratory. Overall, we recommend that POCT of ionized calcium results be considered as a way to improve outcomes in circulatory arrest patients. More prospective randomized controlled studies need to be performed. (Class: B; Level of Evidence: III)





There is fair evidence that POCT of ionized calcium results leads to improved clinical outcomes, in circulatory arrest patients, when POCT is found to lead to reduced TTAT compared to the central laboratory. Overall, we recommend that POCT of ionized calcium results be considered as a way to improve outcomes in circulatory arrest patients. More prospective randomized controlled studies need to be performed. (Class: B; Level of Evidence: II)








There is little known evidence that POCT of electrolyte results leads to improved clinical outcomes, in the ICU setting. Overall, we have no recommendation for POCT of electrolyte results being considered as a way to improve outcomes in the ICU. Prospective randomized controlled studies need to be performed. (Class: C; Level of Evidence: III)











There is fair evidence that POCT of potassium results leads to improved clinical outcomes, in ED patients, when POCT is found to lead to reduced TTAT compared to the central laboratory. Overall, we recommend that POCT of potassium results be considered as a way to improve outcomes in ED patients. More prospective randomized controlled studies need to be performed. (Class: B; Level of Evidence: II)





There is insufficient evidence that POCT of magnesium results leads to improved clinical outcomes, in critical care patient settings. Overall, we recommend that prospective randomized controlled studies be performed. (Class: I; Level of Evidence: III)





There is fair evidence that POCT of ABG results in the ICU leads to improved clinical outcomes, when POCT is found to lead to reduce TTAT compared to the central laboratory. Overall, we recommend that POCT of ABG results be considered as a way to improve outcomes in ICU patients. More prospective randomized controlled studies need to be performed. (Class: B; Level of Evidence: II)





There is fair evidence that more rapid TTAT of ABG results, in several types of ICU patients, leads to improved clinical outcomes. Overall, we recommend that more rapid TTAT of ABG results be considered as a way to improve outcomes in at least some types of ICU patients. (Class: B; Level of Evidence: I)





There is fair evidence that more rapid TTAT of ABG results, in some ED patients, leads to improved clinical outcomes. Overall, we recommend that more rapid TTAT of ABG results be considered as a way to improve outcomes in at least some types of ED patients. (Class: B; Level of Evidence: II)


 





There is fair evidence that POCT of ABG results leads to improved clinical outcomes, in cardiac surgery patients, when POCT is found to lead to reduced TTAT compared to the central laboratory. Overall, we recommend that POCT of ABG results be considered as a way to improve outcomes in cardiac surgery patients. More prospective randomized controlled studies need to be performed. (Class: B; Level of Evidence: II)











There is fair evidence that more rapid TTAT of magnesium results in, critical care patient settings, leads to improved clinical outcomes. Overall, we recommend that more rapid TTAT of magnesium results be considered as a way to improve outcomes in critical care patient settings. (Class: B; Level of Evidence: II)











There is good evidence that POCT of lactate results leads to improved clinical outcomes, in critical care patient settings, when POCT is found to lead to reduced TTAT compared to the central laboratory. Overall, we recommend that POCT of lactate results be considered as a way to improve outcomes in critical care patients. More prospective randomized controlled studies need to be performed. (Class: B; Level of Evidence: II)








There is good evidence that more rapid TTAT of lactate results in, critical care patient settings, leads to improved clinical outcomes. Overall, we recommend that more rapid TTAT of lactate results be considered as a way to improve outcomes in cardiac surgery patients. (Class: A; Level of Evidence: I)








There is good evidence that POCT of glucose results leads to improved clinical outcomes, in critical care patient settings, when POCT is found to lead to reduced TTAT compared to the central laboratory. Overall, we strongly recommend that POCT of glucose results be considered as a way to improve outcomes in critical care patients. (Class: A; Level of Evidence: I)





There is good evidence that more rapid TTAT of glucose results in, critical care patient settings, leads to improved clinical outcomes. Overall, we recommend that more rapid TTAT of glucose results be considered as a way to improve outcomes in cardiac surgery patients. (Class: A; Level of Evidence: I)











