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Abstract

Aim: In patients with suspected acute hemorrhage in the emergency department, the first-line of treatment is intravenous fluid therapy. The most frequently
used parameters to estimate the amount of hemorrhage and to plan the management are the vital signs, hemoglobin (Hb), and hematocrit (Hct) values.
In this study, we aimed to define possible changes in the vital signs, Hb, and Hct values after intravenous infusion of 1 L normal saline in non-hemorrhagic
patients to interpret the Hb and Hct values in hemorrhagic patients who receive the same treatment.

Materials and Methods: One hundred patients who presented to the emergency department of a training and research hospital between December 1 and
31,2012, were included in the study. One liter of normal saline was given to patients who consented to participate in the study. The complete blood count
parameters and vital signs were recorded before and after administration of saline.

Results: Statistically significant decreases in pulse, systolic blood pressure, white blood cell count, Hb, and Hct values were observed after the administration
of saline (p<0.001). The median Hb and Hct values decreased from 14.2 to 13 g/dL (p<0.001) and from 42.4% to 38.3% (p<0.001), respectively.

Conclusion: In the follow-up of patients who are given intravenous fluids, emergency department physicians should consider that some changes may occur

in vital signs and complete blood count parameters due to hemodilution.
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Introduction

Continuous cardiac monitoring, pulse oximetry, end-tidal carbon
dioxide monitoring, arterial blood pressure, mental status, peripheral
perfusion urine output, central venous pressure (CVP) measurements,
a bedside ultrasound can be used in the follow-up of the fluid status
of bleeding patients in the emergency department (1). In addition,
hemoglobin (Hb) and hematocrit (Hct) values are also used to plan
treatment for these patients (2).

In patients with bleeding, Hct levels may decrease due to both
blood loss and hemodilution caused by fluids that are given for

initial resuscitation. Along with the decrease in Hct levels, changes
occur in the number of red blood cells, Hb, protein, and electrolyte
levels in blood plasma. Another reason for the decrease in Hct levels
is translocation of the liquid in the intracellular and interstitial area
to the intravascular area to compensate the reduced intravascular
volume caused by hemorrhage (3).

Currently, isotonic crystalloid solutions such as normal saline (NS)
and Ringer’s lactate(RL) are preferred solutions for fluid resuscitation
in the emergency department because colloids are more expensive
than crystalloids, and no better survival rates have been reported
with colloids (4).
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Although NS infusion is one of the most frequently used treatments
in the emergency department, the studies evaluating the decrease in
Hb levels caused by NS infusion are conducted with small numbers of
patients in medical literature. In this regard, further studies including
larger numbers of patients are required (5-9).

In this study, our objective is to measure the effect of 1 L NS infusion
on complete blood count (CBC) parameters and vital signs of healthy
individuals, and to use the differences to interpret changes in
hemorrhagic patients who also receive NS treatment.

Materials and Methods

This study was conducted as a prospective observational clinical
study in the emergency department of a training and research
hospital. The annual number of patients seen in this department is
approximately 200,000. The institutional ethical board approved the
study protocol. All patients admitted to emergency department for
December 2012 were evaluated in terms of inclusion and exclusion
criteria, and appropriate patients were included after informed
consent was obtained.

Inclusion criteria:

«  Age =18 years (there was no upper age limit);

«  Presented to emergency department for reasons other than
acute blood or fluid loss;

«  Normovolemic in clinical evaluation at the time of admission.

Exclusion criteria:

+  Age<18years;

«  Pregnant or breast-feeding;

«  Hypovolemic or hypervolemic (congestive heart failure, cirrhosis,
patients on dialysis, etc.) in clinical evaluation and physical exam;
Presented to the emergency department for a condition causing
acute blood loss (gastrointestinal hemorrhage, trauma) or fluid
loss (diarrhea, emesis, ileus, burns, heat stroke, dehydration, etc.);

«  Use of drugs acting on heart rate or blood pressure (calcium
channel-blockers, beta-blockers, digitalis-digoxin, alcohol, illicit
drugs, etc.);

«  Previously diagnosed with anemia (The World Health
Organization criterion for anemia in adults is a Hb value of less
than 12.5 g/dL);

- Diagnosed with any myeloproliferative disease or cancer; and

«  Patients with a Glasgow Coma Score <15.

Age and gender of the patients included in the study were recorded
in a study form. Vital signs (body temperature, heart rate, peripheral
capillary oxygen saturation (SpO,), blood pressure, and respiration
rate), height, and body weight of the patients were measured
twice; 1T minute apart by different nurses working in the emergency
department, and the mean was recorded on the study forms. Body
temperature was measured using a tympanic body thermometer
(Covidien Genius, MN, USA). Heart rate was measured as radial
pulse for 15 s and multiplied by 4. SpO, and blood pressure were
measured using pulseoxymeter (Mindray PM 9000, Shenzen, China).
The respiration rate was calculated for 30 s by inspection, and the
number was multiplied by 2. Height and weight were measured
using a medical mechanical scale (NAN IB150, Istanbul, Turkey). Body

mass index (BMI) was calculated using the formula body weight/
body height2.

A peripheral intravenous (IV) line was obtained using an 18G green
branule in the antecubital region and 3 mL of blood was collected for
CBC. After blood samples were collected, the volunteers were given
1000 mL of NS (at room temperature) within 60 minutes through this
IV line. Ten minutes after the NS infusion was completed, the vital
signs were measured in a sitting position twice, 1 minute apart by
different nurses, and mean of measurements was recorded in the
study forms. Subsequently, 3 mLs of blood samples were collected
in purple-capped ethylene diamine tetra-acetic acid (EDTA) tubes
for CBC measurement. These after treatment blood samples were
collected from the opposite arm that was not used for IV line and
saline infusion.

The blood samples were deposited in the laboratory within 10
minutes of collection. Each sample was analysed thrice in Sysmex
XP-300 (Roche Diagnostics), and the arithmetic mean of these three
measurements was calculated and used in following statistical
analysis. During the 1-month period that the study was conducted
internal and external quality controls of the biochemistry laboratory
of the Training and Research Hospital revealed no errors.

Statistical analysis

The Statistical Package for Social Sciences (SPSS Inc.; Chicago, IL, USA)
11.0 software was used for data analysis. The Kolmogorov-Smirnov
test was used to analyze for normality of the distribution of the data.
Paired sample t-test was used for the analysis of dependent variables
that were normally distributed (White Blood Cell [WBC] and Hct).
The Wilcoxon test was used for the analysis of dependent variables
not normally distributed (heart rate, SpO, body temperature,
respiratory rate, systolic blood pressure, diastolic blood pressure, Hb,
mean corpuscular volume [MCV], mean corpuscular Hb [MCH], and
mean corpuscular Hb concentration [MCHC]). The Mann-Whitney U
test was applied to compare median values of delta Hb (Hb before
NS-Hb after NS) and Hct (before and after NS) between genders
and between obese and non-obese patients. Data were expressed
as median and interquartile ranges. The mean difference values
were expressed in 95% confidence intervals. A value of p<0.05 was
considered statistically significant.

Results

A total of 100 volunteers were included in the study; 45 were men
and 55 were women. The patients included in the study had clinical
diagnoses of vertigo (23%), upper respiratory tract infections (13%),
urinary tract infections or urinary stone disease (12%), abdominal
pain without a surgical cause (40%), and others (12%).

The mean age of patients was 27.7+12.2 years. The median BMI of
patients was 24.2 (range, 20.8-26.5).

Afterinfusion of 1000 mL of NS, a decrease with statistical significance,
was observed in the pulse rate and systolic blood pressure of
the patients. The body temperatures, SpO,, respiratory rates, and
diastolic blood pressures of the patients did not change significantly
after infusion of 1000 mL of NS (Table 1).
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Table 1. Vital signs of the patients before and after infusion of 7000 mL NS

First measurement Second measurement
Median (IQR) Median (IQR) p Mean difference (95% Cl)

Pulse (beats/min) 90 (80-100) 85 (80-90) <0.001 6.07 [3.61-8.53]

SpO, (%) 96 (95-98) 97 (95-99) 0.059 -0.31 [-0.65-0.03]
Temperature (°C) 36.7 (36.4-37.2) 36.8 (36.4-37.2) 0.167 0.10 [-0.02-0.23]
Respiratory rate 15 (15-16) 15 (15-15) 0.044 0.35 [-0.06-0.76]
Systolic blood pressure (mmHg) 115 (109-126) 110 (100-120) 0.001 6.2 [2.9-9.5]
Diastolic blood pressure (mmHg) 70 (60-76) 67 (59-71) 0.057 2.6 [-0.06-5.24]

IQR: interquartile range; Cl: confidence interval; SPO? peripheral capillary oxygen saturations

Table 2. Changes in complete blood count parameters before and after infusion of 1000 mL normal saline

First measurement Second measurement
Median (IQR) Median (IQR) p Mean difference (95% Cl)
Hb (g/dL) 14.2 (13.2-15.5) 13.0(11.9-14.5) <0.001 1.11[1.01-1.22]
Hct (%) 42.4 (39.2-46.0) 38.3(34.7-43.0) <0.001 3.43[3.02-3.85]
WBC (/pL) 10050 (8000-12375) 9800 (7450-11400) <0.001 0.70[0.32-1.09]
MCV (fL) 87.6 (82.8-90.8) 87.4 (83.1-91.0) 0.229 -0.08 [-0.38-0.22]
MCH (pg) 29.5 (28.1-30.6) 29.7 (28.0-30.9) 0.035 -0.09 [-0.20-0.02]
MCHC (g/dL) 33.7(33.2-34.1) 33.9(33.3-34.3) 0.009 -0.01 [-0.26-0.25]

IQR: interquartile range; Cl: confidence interval; Hb: hemoglobin; Hct: hematocrit; WBC: white blood cells; MCV: mean corpuscular volume; MCH: mean corpuscu-

lar; MCHC: mean corpuscular hemoglobin concentration

After 1000 mL NS infusion, significant decreases in Hb, Hct, and WBC
levels were observed, whereas there were no significant changes
in MCV, MCH, and MCHC levels (Table 2). Hb levels decreased in 98
(98%) patients, whereas they remained unchanged in 2 (2%) patients.
Hct levels were decreased in 99 (99%) patients, whereas it remained
unchanged in one (1%) patient.

Median Hb decrease (mean Hb before NS- and mean Hb after NS)
was 1.10 g/dL in males and 1.0 g/dL in females, with no significant
difference (p=0.857). The median Hct (mean Hct before NS and mean
Hct after NS) decrease was 2.80 in males and 3.2 in females, with no
significant difference (p=0.989).

When patients were divided into 2 groups according to BMI: 10
patients were obese (BMI=30) and 90 were non-obese (BMI<30).
Median Hb decrease was 1.10 g/dL in non-obese and 1.0 g/dL in
obese patients, with no significant difference. (p=0.549). Median Hct
decrease was 3.10 in non-obese and 2.75 in obese patients. There
was no significant difference (p=0.625).

Discussion

In the emergency department, infusion of 1-2 liters of NS is
recommended for adult patients who present with hemorrhagic
shock (10). Hb levels and vital signs are used to detect hemorrhage
and amount of bleeding in the follow-up of patients. In our study, the
volunteer group included young adults. Our results show that even
in the absence of hemorrhage, Hb and Hct values decrease due to NS
infusion; thus, emergency physicians should cautiously interpret Hb
or Hct decrease in those patients.

In medical literature, some studies conducted in small groups of
patients found that Hb and Hct levels decreased after infusion of
NS (6, 11, 12). Lobo et al. (8) in their study infused 2000 mL of 5%
dextrose or NS in two groups of patients, and they reported that Hb
levels decreased significantly in 1 hour in both groups. Grathwohl et
al. (7) in their study reported that Hb levels decreased by an average
of 1.5 g/dL and Hct levels decreased by an average of 4.1% within
1 hour after bolus infusion of 2000 mL of NS. In another study, it is
reported that two-thirds of the isotonic fluid infused after blood
loss left the vessels after a period (13). In our study, Hb levels of the
patients decreased by an average of 1.11 g/dL (range, 1.01-1.22),
and Hct values decreased by an average of 3.43% (range, 3.02-3.85)
in the follow-up after infusion of 1 L of NS, and the difference was
statistically significant (p<0.005).

Karaaslan et al. (9) reported that replacement with NS after of two
units of blood was withdrawn from patients led to decrease in Hb
and Hct levels, and they observed that NS infusion prevented heart
rate changes initially after the replacement but could not prevent the
decrease in mean arterial pressure. In our study, we observed that
after infusion of 1000 mL of NS, systolic blood pressure and pulse
rate of the patients decreased. In our study, patients with volume
loss and hemorrhage were excluded; therefore, no hypotension and
tachycardia were expected due to volume loss. Lobo et al. suggested
that a sudden fluid load decreased the renin-aldosterone levels and
led to the decrease of systolic blood pressure (8). Our study findings
are consistent with that of Lobo et al. In literature, several studies
report arise in blood pressure after fluid resuscitation in hypotensive
patients. Our results cannot be generalized to hypovolemic or
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hypotensive patients, because our study included only normotensive
and normovolemic patients.

In literature, various studies with normovolemic subjects have shown
that hydration with NS had no effect on the SpO, (14). Our study
also included normovolemic patients, and there were no significant
changes in the SpO, levels after the fluid therapy; our results were
consistent with literature.

Although it has been shown in some studies that fluid therapy
reduced the body temperature, there were no significant differences
between pre-and post-hydration body temperaturesin our study (15,
16).This may be due to the temperature of fluids given or the infusion
speed. We have used NS that was stored at room temperature.

To our knowledge, there are no studies showing a direct relationship
between NS therapy and respiratory rate in healthy patients. In
our study, there was no significant change in respiratory rate after
treatment with NS.

Moreover, there are no studies directly investigating the changes in
WBC, MCV, MCH, and MCHC levels after NS therapy. In our study, we
found that WBC, Hb, and Hct levels decreased, whereas MCV, MCH,
and MCHC levels remained unchanged after fluid resuscitation.

Study limitations

Since the patients who use drugs that affect the heart rate and
blood pressure were excluded, our study population is younger
when compared to the general population who are admitted to the
emergency department. We have not used any objective method
of measurement other than history and physical examination and
clinical judgment for the estimation of volume status of patients and
that may be a source of bias. The vital sign measurements used in
this study indirectly reflect volume status and may be influenced by
multiple factors, such as experienced stress or pain on an emergency
department visit. Only normovolemic patients were included so results
may not be generalized to hypervolemic or hypovolemic patients.

Conclusion

In our study, SpO,, body temperature, respiratory rate, and diastolic
blood pressure were not affected by hydration with 1 L of NS. Pulse
rate and systolic blood pressure decreased after hydration. Regarding
CBC parameters, WBC, Hb, and Hct levels decreased, whereas MCV,
MCH, and MCHC remained unchanged after hydration with NS. These
findings should be considered particularly when evaluating patients
for whom Hb and Hct levels are measured frequently for follow-up
and are administered fluids.
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