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Quality improvement1 (QI) in healthcare relies, in part, on benchmark comparisons between different hospitals. 
Benchmarking compares a target hospital, the subject under study, against a peer group of hospitals called a 
reference group. Changes in specific metrics between the target and its reference provide important insight into 
QI.

The VPS, LLC2 database collects high quality pediatric (PICU), cardiac (CICU), neurologic (NCC), and 
neonatal (NICU) critical care data. It contains more than one million cases with more than 300 fields ranging 
from clinical and demographic to operational data.

The most common clinical and operational metrics in the VPS, LLC database used to evaluate ICU quality are: 
- Severity of illness through standardized mortality ratios3 (SMR) 
- Standardized length of stay ratios4 (SLOSR)
- Discharge delay5

- Readmissions within 24 hours
- Extubation failure within specific time thresholds6,7

- Percent of patients receiving mechanical ventilation8

- Percent of patients discharged directly home.

This poster presents a heuristic method that combines the metrics listed above in such a way that one can rank 
hospital performance by metric, and determine total performance through a composite weighted score of the 
individual metrics. While the actual weights are proprietary IP of VPS, the general approach is discussed below.
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Summary statistics for the reward scores in the sixteen hospitals used in the previous example are represented in 
Table 1. 

Table 1. Summary statistics for the sixteen reward scores in the heatmap comparison between the target and its 
comparative reference.
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For each metric, the percentiles of the distribution for all the hospitals (composite metric) are calculated. The 
mean value of each hospital metric naturally falls within a percentile range of the composite metric.

The heatmap uses the following percentile ranges for the composite metrics: 0-10, 10-20, 20-50, 50-80, 80-90, 
90-100. Each range is assigned a color and a numerical metric score, which reflects a degree of clinical benefit. 
For example, since low mortality (low SMR) is a desirable outcome, the heatmap assigns it a large numerical 
metric score and color green. Similarly, high mortality (high SMR) receives a low metric score and a color red 
denoting hindrance. Figure 1 summarizes the color scale used in the heatmap.

Figure 1. Heatmap colors associated with percentile ranges of the composite metrics.

In order to build a score to rank hospital performance, each metric was assigned a specific weight, w. The 
weighted sum along all metrics gives a composite score, unique to each hospital, called the reward score:
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𝑅𝑅𝑖𝑖 ∗ 𝑀𝑀𝑖𝑖

Each weight 𝒘𝒘𝒊𝒊 is associated with a degree of clinical importance, defined by VPS, LLC medical experts. In 
the equation above, 𝑀𝑀𝑖𝑖 stands for each of the metrics used in the heatmap. 

The reward score was scaled to a maximum of 100.

The metrics readmissions, extubation failure, percent mechanical ventilation, and discharged home do not make 
sense as absolute values. The heatmap includes these metrics measured in relation to a benchmark, which is 
built as the five-year average from all the hospitals in the VPS registry.2 For example, Figure 2 displays a 
histogram for percent of ICU stay on mechanical ventilation defined as ventilation days divided by physical 
length of stay. The VPS benchmark is 37.3%. The heatmap uses the absolute value of the difference between a 
hospital ICU ventilation percent and the VPS benchmark. In Figure 3, this metric is called “% Ventilation”. The 
rationale behind these types of transformations is that the benchmark provides a data-driven standard of 
practice. Similar transformations were done for readmissions, extubation failure, and discharged home.

For the metrics readmission rate, mechanical ventilation rate, extubation failure within 6 and 24 hours, and 
percent discharged home, the heatmap shows whether each hospital fell above or below the standard of care 
benchmark, with the symbols “+” and “-” respectively.
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Figure 3. Histogram of  percent mechanical ventilation, defined as ventilation days divided by physical length of stay for a 
group of hospitals from the VPS registry. The red vertical line represents the five-year average value for all the units from 
the VPS registry, 37.3%. The heatmap assumes that this benchmark is the standard of care, and the metrics entering the 
heatmap should be measured with respect to this standard. Similar assumptions were made for readmission, extubation
failure, and percent of patients discharged home.

Figure 3. Comparison of a target of  over 4,600 cases versus a reference group of 15 hospitals with more than 
72,000 cases. Each column represents a hospital, and each row shows a metric. Therefore, each cell represents a 
hospital’s individual metric value. The black rectangle represents the target with its reward score (73)  displayed at 
the bottom. SMR is displayed for three mortality models: PIM29, PIM3-NA10, and PRISM III11. Physical and 
medical SLOSR are represented for the VPS PRISM III physical4 and medical12 length of stays models. The “+” 
and “-” symbols denote whether each particular hospital falls above or below the VPS benchmarks, which are 
constructed from five years of data in the VPS registry (>150 hospitals in the US and abroad).

Minimum 1st Quartile Median Mean 3rd Quartile Maximum
41 50 56 58.4 64.5 80

- The heatmap is a promising tool to rank hospital performance in comparative studies.
- The tool shows a visual comparison between multiple metrics and hospitals in one snapshot.
- In its current form, the heatmap ignores correlations between the metrics used to build it as well as 

overlaps between individual metric distributions.
- The set of metrics utilized to build the heatmap were chosen by an expert panel of VPS clinicians. 

Other clinical experts may choose a different set of metrics to rank performance.
- The placement of the cells along the percentile ranges used mean values or percentages of the metrics. 

Other central tendency measures could be used.
- The heatmap enables a relative comparison. As more hospitals are used in the reference, the reward 

score of the unit could change.
- Future work will apply the heatmap technology to all the hospitals in the VPS registry.

An example of the heatmap for sixteen hospitals is displayed in Figure 3. The reward score, 73, is shown below 
the target hospital.
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