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BACKGROUND

Intraoperative and postoperative hemorrhage incidence can vary depending on the type 
of surgery, and can lead to severe clinical complications ranging from mild anemia to fatal 
hemorrhagic shock.  Those that recover from severe hemorrhagic events often have poor 
functional outcomes and are at risk for greater long-term mortality1. Numerous studies reveal 
that post-operative hemorrhagic events are also quite frequent, occurring in as many as 13 to 
19% of patients following various type of surgeries2-6. 

Monitoring and detecting fluid changes in patients can be complicated. Physiological 
responses associated with hemorrhagic events are often delayed because of compensation 
mechanisms that act to sustain blood pressure and protect tissue perfusion. Current methods 
for acutely monitoring blood volume and blood loss include monitoring of vital signs, invasive 
central venous measurements, and arterial catheters designed to monitor hemodynamic 
status centrally1-2.  More advanced and accurate methods are needed to ensure optimal fluid 
management and quality care for patients at risk for hemorrhagic events.

The purpose of this feasibility study was to evaluate 
the performance of a novel FDA-cleared, non-
invasive fluid monitoring device, the Zynex® Cardiac 
Monitor, Model 1500 (CM-1500). The CM-1500 is 
designed to detect slight changes in fluid volume by 
simultaneously and continuously monitoring five (5) 
physiological parameters in real-time:

• Bioelectrical Impedance
• Heart Rate
• Electrocardiogram (ECG) Amplitude
• Photoplethysmography (PPG) Amplitude
• Skin Temperature

A combination of the observed changes in these parameters is represented by the Relative 
IndexTM (RI), a single value that is indicative of relative changes in fluid volume. Every patient 
begins with a baseline RI value of 100. An RI less than 100 denotes parameter changes that are 
associated with blood and fluid loss. The Relative IndexTM is a unique and patented functionality 
of the CM-1500. The primary objective of this study was to verify that fluid change could be 
detected by the CM-1500 through a manual blood loss event.

PURPOSE
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This IRB-approved feasibility study (NCT01846195) was conducted in two cohorts with 
consecutively enrolled healthy adult volunteer subjects undergoing monitoring during a manual 
blood donation of 500mL (treatment) and healthy volunteer subjects undergoing monitoring 
with no subsequent blood loss (control). Treatment subjects were asked to return for a second 
blood draw and monitoring session, if desired, after a required eight (8) week waiting period 
for blood regeneration. 

Baseline data for each treatment subject was recorded by the CM-1500 while the subject laid in 
a supine position. A target of 500mL of blood was then manually drawn from the antecubital 
area of each subject’s right arm by a trained phlebotomist. All subjects were observed for an 
additional 30 minutes post-blood draw, while remaining connected to the CM-1500.  

Control subjects laid in a supine position for 30 minutes while connected to the CM-1500. The 
control subjects had no interaction while being connected to the device and laid in a relaxed 
state for the entire test.

CM-1500 data sets were normalized by utilizing a timestamp (“mark event”) feature of the 
monitor.  Data were continuously recorded electronically, and additional clinic notes were 
recorded for protocol deviations and adverse events, if observed. 

TREATMENT SUBJECTS

Subjects in the treatment cohort included seven 
(7) females and five (5) males with a mean age
of 34.3±14.7. All subjects were in good health as
evaluated by a health screening and self-reported
medical history, with an average Body Mass Index
(BMI) of 25.82 kg/m2 (median 25.5kg/m2). Eleven
(11) of the 12 subjects completed the 500mL blood
draw. Two (2) of the 12 subjects returned for a second
blood draw and contributed two datasets. One (1)
subject stopped participation prematurely due to
clotting and only completed a manual blood loss of
289mL, resulting in a total of 11 complete data sets
for analysis. Excluding the one incomplete subject,
the blood loss was completed, on average, within 7
minutes and 42 seconds.

METHODS

RESULTS
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Figure 1. Average Relative IndexTM Change 
During 500mL Manual Blood Loss
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CONTROL SUBJECTS

The complete data sets (n=11) were analyzed to 
better understand the response of the RI to the 
event of losing 500mL of blood by calculating an 
average RI value(s) and the standard deviation(s).  
The results revealed an average decrease in the RI 
by 5.4 (from 100 to 94.59) with a standard deviation 
of 4.41 over the course of the manual blood loss 
event (Figure 1). In the 30-minute observation 
period following the blood draw, the RI decrease 
was maintained across all treatment subjects.  

An additional analysis was conducted excluding 
the two subjects’ datasets (n=4) that returned 
for a repeat blood draw and the one subject that 
withdrew due to an incomplete blood draw. Data 
from the remaining seven (7) single-draw subjects 
revealed a larger average decrease in the RI.  The 
adjusted average RI decreased by 6.7 (from 100 to 
93.23) with a standard deviation of 3.7 (Figure 2). 

The control cohort included 16 subjects, 6 males 
and 10 females. Subjects had similar demographics 
as the treatment cohort. Over the 30-minute 
monitoring period, control subjects maintained a 
near-constant RI of 100.  The minimum average 
RI was 98.78, with a standard deviation of 2.1 
(Figure 3).

Results from this initial feasibility study with the CM-1500 demonstrate that a decrease in body 
fluid volume, in the form of a manual blood loss, has a direct correlation with a decrease in 
the CM-1500’s Relative IndexTM.  The CM-1500 detected blood loss from healthy adults during 
a controlled blood draw while maintaining a steady baseline state in the control cohort that 
exhibited no fluid loss. 

As this was a small feasibility study conducted in a controlled environment, a statistically- 
powered pivotal study will be required to determine the specificity and sensitivity of the CM-
1500’s Relative IndexTM in detecting changes in fluid and blood volume, in addition to studying 
the device’s performance in a clinical setting with at-risk patients. The findings from this 
preliminary evaluation are promising and suggest that the CM-1500 could provide a simple and 
effective method for monitoring of blood loss and preventing hemorrhagic shock.

CONCLUSION

Figure 3. Average Relative IndexTM for 
Control Subjects 

Figure 2. Average Relative IndexTM 
Change for Single-Draw Subjects 



Evaluation of the Zynex® Cardiac Monitor, Model 1500 (CM-1500) in Healthy Adult Subjects

CLINICAL@ZYNEX.COM | +1 (888) 386-4185 | ZYNEXMONITORING.COM 5

For professional use. See instructions for use for full prescribing information, including 
indications, contraindications, warnings, and precautions. ©2021 Zynex Monitoring Solutions. 
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