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ABSTRACT—Objective: Bleeding is a leading cause of death among trauma patients. Delayed assessment of blood

hemoglobin level might result in either unnecessary blood transfusion in nonindicated patients or delayed blood transfusion

in critically bleeding patients. In this study, we evaluate the precision of noninvasive hemoglobin monitoring in trauma

patients with low hemoglobin levels. Methods: We included trauma patients with low hemoglobin levels (less than 8 g/dL)

scheduled for surgical intervention. Blood samples were obtained on admission and after each blood unit with concomitant

measurement of serum hemoglobin using radical-7 Masimo device. The change in blood hemoglobin after every transfused

blood unit was also assessed by both methods (change in noninvasive Masimo hemoglobin [Delta-Sp-Hb] and change in

laboratory hemoglobin [Delta-Lab-Hb]). The precision of Masimo hemoglobin level (Sp-Hb) compared with Laboratory

hemoglobin level (Lab-Hb) was determined using both Bland–Altman and Pearson correlation analyses. Results: One

hundred eighty-four time-matched samples were available for final analysis. Bland–Altman analysis showed excellent

accuracy of Sp-Hb compared with Lab-Hb with mean bias of 0.12 g/dL and limits of agreement between �0.56 g/dL and

0.79 g/dL. Excellent correlation was reported between both measures with Pearson correlation coefficient of 0.872.

Excellent agreement was also reported between both Delta-Sp-Hb and Delta-Lab-Hb with mean bias of �0.05 and limits

of agreement from�0.62 to 0.51 Conclusions: Sp-Hb showed accurate precision in both absolute values and trend values

compared with Lab-Hb measurement in trauma patients with low hemoglobin levels.
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INTRODUCTION

Trauma is a leading cause of death all over the world.

Hemorrhage is the most frequent cause of preventable death

accounting for 50% of preventable deaths within the first 24 h

after major trauma (1). Early recognition of hemorrhage would

allow proper transfusion decision and improve patient outcome.

Clinical signs of hemorrhage are usually delayed and affected

by many confounding factors. Invasive laboratory testing is

considered the gold standard for measurement of serum hemo-

globin; however, laboratory testing is time wasting and unsuit-

able for remote locations.

Noninvasive continuous hemoglobin monitoring (Sp-Hb) is

evolving nowadays; Radical 7 (Masimo corporation, Irvine,

Calif) is one of the popular devices used for Sp-Hb. The

accuracy of Sp-Hb monitor was previously investigated in

different various populations (2). Few studies have examined

Sp-Hb in trauma patients (3–5); however, the evidence for Sp-

Hb in trauma patients with low hemoglobin levels is not

consistent. The aim of this study is to evaluate the accuracy

of non-invasive Masimo hemoglobin monitor in trauma

patients with hemoglobin levels lower than 8 gm/dL.

METHODS

A prospective observational study was conducted in the emergency depart-
ment (ER) at Cairo University Hospital; a large 5,500-bedded tertiary center.
The Study was approved by the institutional research ethics committee. A
written informed consent was obtained from either the participant or from the
next-of-kin if the participant was unable to sign.

The study included trauma patients admitted to the ER with major hemor-
rhage requiring surgical intervention. We included patients aged 18 years or
above with hemoglobin levels < 8 g/dL. Patients who received cardiopulmo-
nary resuscitation> 5 min, patients on high doses of vasopressors, and patients
with hand injuries hindering the application of the device probe were excluded.
Patients were monitored during resuscitation in both ER and operating room.

Baseline blood samples were obtained as a part of standard care. Patients
received whole blood transfusion if: The obvious estimated blood loss was more
than 20% of blood volume. Serum hemoglobin levels < 7 g/dL. Ongoing
intraoperative blood loos with mean arterial blood pressure < 60 mm Hg.

Sp-Hb was continuously measured using Radical-7 device pulse co-oximeter
(Masimo corporation, Irvine, Calif) via a pulse oximeter probe applied to the
third or fourth digit of left hand. The probe was covered with an opaque shield to
avoid any error by external light sources. A baseline reading for Sp-Hb was
obtained followed by a reading after each unit of blood. Simultaneous labora-
tory hemoglobin levels (Lab-Hb) were measured through venous samples as a
part of standard care.

For blood sampling, 2 mL of venous blood were obtained through a sterile
venepuncture, and then drawn into an ethylene diamine tetra acetic acid
vacutainer tube. Each sample was thoroughly mixed and sent immediately
to the central laboratory of the hospital for measuring hemoglobin by automated
hemoglobin analyzer (Coulter LH 750 Beckman). In the laboratory, the
performance of the analyzer was daily monitored and calibration was verified
using stable reference controls. The samples were processed and the analyzed
hemoglobin values were returned according to the standard practice of
the hospital.

Collected data included: demographic data (age, race, and gender), operative
data, type of injury, injury severity score, serum lactate, time to operating room
admission, Lab-Hb, Sp-Hb, vital signs (blood pressure and heart rate), and
number of transfused blood units. The change in blood hemoglobin (delta-Hb)
after transfusion of every blood unit was calculated as follows: Delta-Hb¼
hemoglobin level after transfusion—hemoglobin level before transfusion. We
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calculated delta Hb measured by both methods (laboratory and Masimo).
Evaluation of the mean bias and level of agreement between both methods
to determine the accuracy of Masimo as a trend monitor.

Statistical analysis

As the previous data for the correlation between Lab-Hb and Sp-Hb are not
consistent, we made a conservative assumption for the sample size to detect any
correlation. We calculated a minimum number of 164 pairs to detect a
correlation coefficient (r) of 0.25 with a study power of 90% and alpha error
of 0.05.

Data were presented as means (standard deviations), medians (quartiles), and
frequencies (%) as appropriate. Data analysis was done using SPSS 18 and
Medcalc software. Data were tested for normality using Shapiro–Wilk test. The
accuracy of Sp-Hb in comparison to Lab-Hb was assessed using Bland–Altman
analysis. Pearson correlation coefficient was used for correlation between both
variables as the data was normally distributed.

RESULTS

One hundred thirteen patients were available for screening.

Forty-three patients were excluded because the initial blood

hemoglobin level was above 8 gm/dL and 70 patients were

included in the study. All our patients were Caucasian and all of

them were admitted after road-traffic accidents. Mean age was

37� 9, 59% of our patients were males, 54 (77%) patients

underwent abdominal exploration with subsequent intervention

(splenectomy, liver repair, intestinal repair), and 16 (23%)

patients underwent orthopedic procedures. The median injury

severity score was 18 with quartiles of (17–26). Demographic

data are presented in Table 1. We obtained 194 blood samples, 6

samples (from the samples obtained after blood transfusion)

were excluded because serum hemoglobin was above 8 g/dL, 4

samples were excluded due to poor device signals, and 184

samples were available for final analysis. We had a poor device

signal at 10% of the monitoring time. Patients were enrolled in

the study at 90� 12 min before surgical intervention. Thirty-

one samples (17%) were obtained during hypovolemic shock

state.

Mean lab-Hb for all samples was 6.7� 0.7 g/dL and mean

Sp-Hb was 6.58� 0.6 (Table 2). Twenty samples (11%) had

Lab-Hb below 6 g/dL, 97 (53%) samples, and 67 (36%) sam-

ples had Lab-Hb of (6–7 g/dL) and (7–8 g/dL) respectively

(Table 3). Mean bias between Lab-Hb and Sp-Hb was 0.12 with

95% confidence interval of (�0.56 to 0.79) (Fig. 1). A strong

correlation was observed between both hemoglobin measures

with Pearson correlation coefficient (r) of 0.872 (Fig. 2). Mean

bias between change in laboratory hemoglobin and change in

noninvasive Masimo hemoglobin was �0.05 with 95% confi-

dence interval of (�0.62 to 0.51) (Fig. 3).

DISCUSSION

We demonstrated low bias and strong correlation between

Sp-Hb and Lab-Hb in a cohort of trauma patients with low

hemoglobin levels. Using noninvasive monitors for hemoglobin

measurement is a promising technology that would save both

time and effort during patient management in addition to

avoiding hazards of infection. Radical-7 device is a small sized,

simple, noninvasive device. Radical-7 technology is based on

co-oximetry with emerging popularity in both emergency (6)

and critical care settings (7).

Being commonly managed in remote unequipped areas and

vulnerable to frequent blood transfusion, trauma patients would

be the highest group that might benefit from noninvasive

hemoglobin measurement technology. Sp-Hb have been previ-

ously validated in various groups of patients; however, the

impressions for its precision are not clear. In the special group

of trauma patients, few studies have reported the accuracy of

noninvasive hemoglobin measurement; none of them was

TABLE 1. Demographic data and patient characteristics (n¼70)

Variables

Age (years) 37�9

Weight (kg) 86�10

Male gender 41 (59%)

Baseline heart rate (bpm) 102�18

Baseline systolic blood pressure (mm Hg) 106�17

Baseline lactate level (mmol/L) 1.2�0.4

Operation

Abdominal exploration 54 (77%)

Orthopedic procedures 16 (23%)

Infused blood units 1.5 (1–2)

Patients who received:

One blood unit 35 (50%)

Two blood units 20 (28%)

Three blood units 11 (16%)

Four blood units 4 (6%)

Patients with obtained

Two samples 70 (100%)

Three samples 35 (50%)

Four samples 15 (21%)

Five samples 4 (6%)

Data are presented as mean� standard deviation, median (quartiles),
and frequency (%).

TABLE 2. Hemoglobin readings

Baseline reading

Lab-Hb (g/dL) 6.2�0.5

Sp-Hb (g/dL) 6.1�0.5

After first blood unit

Lab-Hb (g/dL) 6.9�0.6

Sp-Hb (g/dL) 6.8�0.6

After second blood unit

Lab-Hb (g/dL) 7.2 (6.8–7.5)

Sp-Hb (g/dL) 7.2 (6.7–7.6)

After third blood unit

Lab-Hb (g/dL) 7.3�0.3

Sp-Hb (g/dL) 7.1�0.4

After fourth blood unit

Lab-Hb (g/dL) 7.5�0.3

Sp-Hb (g/dL) 7.1�0.2

Data are presented as mean� standard deviation and median
(quartiles).
Lab-Hb indicates laboratory hemoglobin; Sp-Hb, noninvasive Masimo
hemoglobin.

TABLE 3. Blood sample categories according to hemoglobin levels

Category Number (%)

Samples with hemoglobin 7 gm/dL–8 gm/dL 20 (%)

Samples with hemoglobin 6 gm/dL–7 gm/dL 97 (%)

Samples with serum hemoglobin <6 gm/dL 67 (%)

Data are presented as frequency (%).

SHOCK FEBRUARY 2018 MASIMO HEMOGLOBIN MEASUREMENT IN TRAUMA PATIENTS 151



Copyright © 2017 by the Shock Society. Unauthorized reproduction of this article is prohibited.

conducted in the special population with low hemoglobin

levels.

Our results agreed with other previous reports. In a large

cohort of trauma patients, Joseph et al. (3) reported a bias

of 0.3 g/dL between invasive and noninvasive hemoglobin

measurements; this bias is near to ours (0.11 g/dL). They also

reported good correlation between both measurements with

correlation coefficient of 0.77. A similar bias (0.3 g/dL) was

reported by Bridges and Hatzfeld (4) in combat casualties;

however, the wide limits of agreement (�2.4 to 3.4 g/dL)

impaired its precision in transfusion. Another study supporting

our findings was conducted in pediatric trauma patients with a

mean bias of �0.49 g/dL (8). Only one systematic review and

meta-analysis has investigated the accuracy of Sp-Hb in both

perioperative and critical care settings (2). The pooled mean

bias in the perioperative settings was 0.39 g/dL; however, the

limits of agreement reported in the meta-analysis were wider

than our limits (�2.2 to 2.9 g/dL).

In a large cohort of trauma patients, Galvagno et al. (5)

reported that Sp-Hb measurement did not improve the ability to

predict the need to blood transfusion. However, the Galvano

study was designed in a different way than our study as they

evaluated 18 regression models with different combinations of

variables for the accuracy of prediction of blood transfusion

where they found that adding Sp-Hb did not improve the

accuracy of any model. Moreover, they did not analyze the

correlation and the agreement between both methods as we did.

Another study by Tsuei et al. (9) reported poor performance

for Sp-Hb (bias: 1.5 g/dL, limits of agreement: �2 to 5 g/dL).

However, many differences are present between Tsuei study

and our study: Type of patients: we included only trauma

patients; whereas they included surgical patients, trauma

patients, and liver transplant patients. Liver transplant patients

are characterized by frequent need to vasopressors in addition

to massive blood loss that would impact the accuracy of co-

oximetry. They included intensive care unit patients who are

subjected to many factors that would impair the co-oximeter

accuracy such as vasopressors. Another study by Moore et al.

(10) showed wide limit of agreement between�4 g/dL and 2 g/dL

between invasive and noninvasive hemoglobin measurements in

trauma patients.

With interpretation of our findings and comparing to the

available data, we assume that there is a clear conflict of

evidence when dealing with the precision of Sp-Hb in trauma

patients. This conflict is also obvious in other groups of

patients, especially in critically ill patients (2, 11). Our study

is uniquely designed to investigate the precision of Sp-Hb in

patients with low hemoglobin levels as these patients are the

most vulnerable for decision of transfusion. We included pairs

of measures in various stages in patient management (during

resuscitation, preoperative, and intraoperative). Moreover, we

conducted a conservative sample size calculation assumption

targeting a study power of 90%. Nevertheless, our findings are

not enough to impact the most debatable question: can we

transfuse blood relying solely on Sp-Hb or not? However, our

findings would impact the current evidence and raise the need

for larger studies in the same population to reach more accurate

results. Our findings (if validated in more studies) would

enhance more research with a higher level of evidence such

as randomized controlled trials investigating the use of Masimo

in blood transfusion decision. Only two randomized controlled

trials were conducted for this purpose with promising results

in neurosurgical (12) and orthopedic patients (13). Using

FIG. 1. Bland–Altman blot demonstrating excellent agreement be-
tween Sp-Hb and Lab-Hb. Mean bias: 0.12, 95% confidence interval: (�0.56
to 0.79). Sp-Hb indicates noninvasive Masimo hemoglobin; Lab-Hb, labora-
tory hemoglobin.

FIG. 2. Pearson correlation plot showing strong correlation between
Sp-Hb and Lab-Hb. Pearson correlation coefficient r¼0.872. Sp-Hb indi-
cates noninvasive Masimo hemoglobin; Lab-Hb, laboratory hemoglobin.

FIG. 3. Bland–Altman blot demonstrating excellent agreement be-
tween Delta-Sp-Hb and Delta-Lab-Hb. Mean bias: �0.05, 95% confidence
interval: (�0.62 to 0.51). Delta-Sp-Hb indicates change in noninvasive
Masimo hemoglobin; Delta-Lab-Hb, change in laboratory hemoglobin.
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noninvasive hemoglobin monitor for blood transfusion resulted

in lower number of transfused blood (12, 13) in addition to

shorter time to transfusion decision (12). We also encourage

more research to compare Radical-7 device to other noninva-

sive devices such as Pronto-7 device. Although all patients in

our study are bleeding patients, a low number of them was

shocked; this might be an important limitation that warrants

more research. It was previously reported that Masimo device is

more accurate in patients with adequate perfusion (14).

The value of noninvasive measurement of hemoglobin is not

only limited to its absolute accuracy, but it also depends on

many other factors: its performance as a trend monitor that

would alert the physician to any sudden bleeding mishaps.

Being a continuous monitor that provides a good confidence

even if the reading was within 1 g/dL to 1.5 g/dL limits of

accuracy (which is the lowest level of accuracy reported by

some previous studies). The variability in hemoglobin level is

also present in laboratory measurement devices. Sp-Hb could

be a good supplementary measure that would help Lab-Hb in

the decision rather than fully replacing it. Sp-Hb is a continuous

real-time measure that would save time and effort. The normal

evolution in monitoring devices would raise the hope in

development of more accurate sensors with more precision.

In conclusion, Sp-Hb showed accurate precision in both

absolute values and trend values compared with Lab-Hb mea-

surement in trauma patients with low hemoglobin levels.
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