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Abstract 
Introduction: The estimation of blood loss rate during surgery for prediction 
of transfusion of blood or blood products requirement is important for surgeon 
and anesthesiologist. In regard to various results and lack of definite index for 
start of transfusion in operating rooms, the assessment of blood loss reduction 
is necessary. The aim of study was evaluation of hemoglobin (Hb) value and 
hemorrhage estimation rate. Methods and materials: 48 cases underwent ma-
jor orthopedic surgery with high probability of intraoperative blood loss rate 
was included in study. Hb, hematocrit (Hct) and basic vital signs were meas-
ured preoperatively and blood loss rate was estimated by using of blood vo-
lume in suction, bloody gases and blood loss in operation field and recorded. 
The blood sample per 100 mL blood loss was sent to laboratory. For transfu-
sion deciding based on Hb, we did not any intervention. Results: 26 males 
and 22 females were included in study. Our results showed that Hb value of 
males was higher significantly of females in preoperative period. After begin-
ning of blood loss, Hb and Hct values declined with fixed slope and there was 
high negative correlation between them. First, intraoperative systolic and di-
astolic pressures declined with high slope and then reduced with mild slope. 
Hb value reduced significantly per 100 mL blood loss. During survey, no alte-
ration in urine output did not be observed. Conclusion: Present study showed 
that much more intraoperative blood loss could reduce Hb with high cor-
relation coefficient and measurement of it is efficient on transfusion. 
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1. Introduction 

Currently, transfusion is an important challenge in operating room. Transfusion 
is usually a result of intraoperative blood loss. During some of surgeries, this prac-
tice is not performed proportionally and correctly. Specialists have various opi-
nions about this. This discrepancy leads to frequent and sometimes, unnecessary 
transfusions [1] [2]. Over decades, evidences showed that transfused patients ex-
pose with different adverse events (particularly, allogeneic blood) [1] [2] [3] [4] 
[5] such as postoperative pneumonia, sepsis and death [3]. American association 
of blood bank (AABB) recommended restricted transfusion [4] and many au-
thors strictly appreciated on transfusion when Hb < 8 gr/dL (i.e. Hb > 10 gr/dL 
is not suitable for transfusion) [5] [6]. However, estimation and prediction of 
exact amount of blood loss is very important, more exact estimation could help 
surgeon and anesthesiologist for overcoming on possible risks during procedure 
[7]. Up to date, any definite indicator had not been found that could determinate 
what patient would need to transfusion and how much blood would require? 
Overall, transfusion is controversy. Main reason is referred to lack of specialty ac-
ceptance of guidelines because they are not based on evidences [8]. Therefore, the 
assessment of transfusion amount reduction strategies is necessary in regard to 
several results and absence of definite index for start of transfusion in OR. The aim 
of present study is evaluation of Hb value and estimation of amount of blood 
loss. 

2. Methods and Material 

This descriptive clinical trial was conducted on patients (ASA 1&2) undergoing 
major orthopedic procedure with probability of intraoperative bleeding. The study 
was approved by ethical committee of Tabriz University of medical sciences and 
faculty of medicine; and informed written consent was obtained. All the patients 
during designed study time were included. In regard to lack of same studies, we 
used results of pilot studies for calculation of sample size. In 12 cases, the pres-
ence of association and its severity between intraoperative Hb and need to blood 
transfusion were assessed and evaluated. Then, sample size was determined to 48 
cases with considering α = 0.05, 80% power and acceptable difference of P-value 
< 0.05. Patients with known cardiopulmonary disease, risk of insufficient oxy-
genation of tissues, and patients with Hb < 10 gr/dL were excluded from study 
[5]. We did not transfuse any blood preparation during surgery and if, we ex-
cluded them from study. Selected patients received general anesthesia after pre-
medication with fentanyl and midazolam. Anesthesia was maintained by 2 to 3 
mg/kg propofol and 0.5 mg/kg atracurium and then, patients were intubated with 
proper size of endotracheal tube. In preoperative period, Hb and Hct values were 
routinely measured. Monitoring composed of non-invasive blood pressure mea-
surement, heart rate, electrocardiogram, body temperature and urine output was 
performed. In intraoperative period, amount of blood loss was estimated by blood 
volume in suction, bloody gases and bloodshed in operation field in 4 stages 
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and recorded. At the same time, a blood sample was sent to the lab to measure 
hemoglobin in proportion to a specific volume of bleeding with a 100-mL fre-
quency. For deciding to transfusion, we did not intervene based on Hb value and 
only the amounts of collected Hb on the basis of amount of bleeding at the same 
time were investigated for possible association of bleeding severity and probabil-
ity of using it as an indicator for possible decision making for transfusion at the 
end of the study. Given data were analyzed by descriptive statistical methods (fre-
quency, percentage and mean ± standard deviation) and comparison test for in-
dependent groups and repeated measurements scheme test (Mauchly’s test) and 
regression with SPSS 0.16. P-value less than 0.05 was considered statistically sig-
nificant. 

This general mode scheme is a paired test. With the difference that instead of 
comparing a group in 2 situations, one group is compared in two or more situa-
tions. When the same measurements are taken for a few times by a subject, the 
analysis of variance with repeated measurements should be used to analyze the 
data and compare the mean of data between these groups. The default test is used 
for repeated measurements of the Mauchly’s Test of Sphericity. 

3. Results 

48 cases (26 males and 22 females) with mean age of 43.34 ± 20.59 years old were 
included in study. In preoperative period, we measured variables such as blood 
pressure, heart rate, Hb and Hct values as basic measures which were considered 
as scale for further evaluations to have basis for comparison of upslope or down-
slope trend of these variables in postoperative period. We summarized preoper-
ative Hb and Hct values in Table 1. 

22 (45.83%), 17 (35.42%) and 9 (18.75%) undergone surgery due to femoral 
neck fracture, tibia fracture and replacement of knee, respectively. Our results 
showed that reached time to given bleeding volume (stage I: 100 mL; stage II: 
200 mL) had statistically significant difference with other times (P-value < 0.001) but 
reached time to bleeding volume (stage III: 300 mL; stage IV: 400 mL) had no sig-
nificant difference with each other (P-value < 0.19) (Table 2). 

In given time interval to reach given blood volume, Hb value had no signifi-
cant difference in relation to preoperative period. Although in other cases, mean 
Hb value had significant difference between 2 stages (i.e. significant decline of Hb 
mean value was associated with increased bleeding volume) (Table 2). Hct value, the 

 
Table 1. Hb and Hct values in two genders. 

 Number  Min  Max  Mean  P-value 

Gender male female male female male female male female 
 

Preoperative 
Hb 

26 22 11.3 8.3 16.5 16.4 14.36 12.3 <0.001 

Preoperative 
Hct 

26 22 27.6 24.2 49.7 50.2 44 37.2 <0.001 

https://doi.org/10.4236/ojim.2017.74015


M. Parish et al. 
 

 

DOI: 10.4236/ojim.2017.74015 147 Open Journal of Internal Medicine 
 

Table 2. The reached time to given bleeding time. 

Time (minute) Mean ± standard deviation* 

Reached time to 100 mL bleeding volume 32.46 ± 26.62 

Reached time to 200 mL bleeding volume 52.06 ± 35.18 

Reached time to 300 mL bleeding volume 74.23 ± 45.14 

Reached time to 400 mL bleeding volume 86.40 ± 32.05 

*P < 0.001. 

 
same as Hb value, had no significant difference with preoperative period until 100 
mL bleeding volume. But in other cases, mean of Hct value had significant differ-
ence (i.e. significant decline of Hct mean value was associated with increased bleed-
ing volume) (Figure 1). 

There was no significant difference between heart rate and various bleeding vo-
lumes. 

At least, mean of systolic/diastolic pressures had significant difference in 4 
groups as follows: mean of systolic pressure had significant decline except in 300 
mL bleeding volume. On the other hand, comparisons demonstrated that slope 
of decline trend of mean diastolic blood pressure was gradually slow (Figure 2). 

Pre and intraoperative urine output was defined in bleeding volume. There were 
significant differences among mean of urine volumes in each stage (P-value < 0.001). 
Table 3 shows urine output volumes in 4 stages. The authors summarized the Mean 
Heart rate systolic and diastolic pressures in 4 stages in Figure 3. 

4. Discussion 

One of intraoperative challenges, especially in orthopedic surgeries is blood loss. 
Present study showed that when blood loss reached to 100 mL at mean of 29 
minutes of procedure and along with, Hb values started to decline. Despite of higher 
Hb values in males before surgery, Hb and Hct values started to decline with fixed 
slope in two genders. Accordingly, Hb value after 300 mL blood loss reduced 1.5 
unite in relation to basic measures. Therefore, we can predict possibly when pa-
tients will need to transfusion if we have basic Hb value. Robinson et al showed 
that intraoperative transfusion was highly related to primary hemoglobin [2]. 
Patients with lower Hb value had much more requirement to transfusion. So, 
aged patients and women required transfusion due to lower basic Hb value [2]. 
Rogers MA et al suggested that women received much more transfusion than 
men during heart operations [9] and Rummassk and Chen showed gender effect 
on amount of blood loss and higher transfusion in females [10] [11]. Murray et 
al used Hct measurement and blood gas analysis for confirmation of estimated 
blood and fluid loss [12] [13]. They concluded Hct < 25% was w threshold for 
transfusion [12]. Hemodynamic monitoring is a central component of intensive 
care. Hemodynamic variables often suggest hypovolemic and etiologies to car-
diovascular insufficiency, thus it may be an effective manner in estimation of  
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Figure 1. Mean Hb values in 4 stages: *P < 0.05 vs Base Hb, #P < 0.05 vs stage 1, $P < 0.05 
vs stage 2, ¥P < 0.05 vs stage 3, €P < 0.05 vs stage 4. 

 

 
Figure 2. Mean Hct values in 4 stages: *P < 0.05 vs Base Hb, #P < 0.05 vs stage 1, $P < 
0.05 vs stage 2, P < 0.05 vs stage 3, €P < 0.05 vs stage 4. 
 

 
Figure 3. Mean Heart rate systolic and diastolic pressures in 4 stages: *P < 0.05 vs Base 
Hb, #P < 0.05 vs stage 1, $P < 0.05 vs stage 2, ¥P < 0.05 vs stage 3, €P < 0.05 vs stage 4. 
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Table 3. The mean of urine volumes in 4 stages. 

Urine volumes( mL) Mean ± standard deviation* 

Urine volume before surgery 229.33 ± 127.6 

Urine volume at 100 mL bleeding volume 279 ± 141.94 

Urine volume at 200 mL bleeding volume 299.66 ± 148.67 

Urine volume at 300 mL bleeding volume 334 ± 148.73 

Urine volume at 400 mL bleeding volume 366 ± 152.26 

*P < 0.001. 

 
blood loss [13]. Present study showed systolic/diastolic pressure reduced during 
surgery and parallel with blood loss, which seems to be a normal event. Robinson 
et al showed blood pressure and heart rate (HR) were high before surgery due to 
probably stress, then HR reduced over time because of induction of anesthesia or 
reduction of patient’s stress. It is obvious that increased blood loss correlates with 
increased HR that compensatory mechanisms is to increase cardiac output and main-
tain perfusion pressure [14]. Also, estimating blood loss is complicated by other 
factors including urinary losses that help to guide volume replacement, hemorr-
hage. In this study, slope of urine volume was homogenous; it indicated proper 
hydration during surgery, so application of hydration guidelines during conven-
tional operations even with major bleeding maintains normal circulation. 

5. Conclusion 

Hemoglobin concentration may be therapeutic guide in actively bleeding patients 
and we can predict requirement of transfusion with measurement of Hb values and 
intraoperative blood loss. Therefore, this practice has positive effect on transfu-
sion. 
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