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Methods: Retrospective study of all consecutive patients scheduled for elective colon surgery
Keywords: was carried out at 2007-2012. Several clinico-pathological and surgical variables were
Preoperative surgical blood ordering analysed and predictive blood transfusion indices such as the cross-matched/transfusion
Transfusional indices ratio (C/T ratio), transfusion index and transfusion probability were calculated. Patients
Perioperative transfusion were divided into 2 groups accordingly whether they have received perioperative surgical

transfusion or not.
Results: There were 457 surgery patients. A total of 171 blood units, in 74 patients were
perioperatively transfused. Overall cross-matched transfusion ratio was 5.34, the transfu-
sion probability 162%, and the transfusion index 0.18. Variables that were significantly
associated with receiving blood transfusion in a multivariable analysis were a preoperative
haemoglobin level less than 10 g/dl (OR: 309.8; 95% CI: 52.7-985.2), chronic pulmonary
obstructive disease (OR: 3.7; 95% CI: 1.3-10.7), oral anticoagulant therapy (OR: 5.7; 95% CI:
1.7-19.4) and surgical time over 120 min (OR: 10.7; 95% CI: 4.7-24.1).
Conclusions: Likelihood of receiving perioperative transfusion in elective colon surgery is
very low. Among their associated factors, the haemoglobin level less than 10 g/dl is the one
with strongest association. Those patients with such low preoperative haemoglobin level
should not be scheduled for elective colon surgery until they received specific treatment.
© 2013 AEC. Published by Elsevier Espaiia, S.L. All rights reserved.

* Please cite this article as: Feliu F, Rueda JC, Ramiro L, Olona M, Escuder J, Gris F, et al. Solicitud de sangre preoperatoria en cirugia
programada de colon: ¢necesidad o rutina? Cir Esp. 2014;92:44-51.
* Corresponding author.
E-mail address: ffvillaro@hotmail.com (F. Feliu).
2173-5077/$ - see front matter © 2013 AEC. Published by Elsevier Espafa, S.L. All rights reserved.


http://dx.doi.org/10.1016/j.cireng.2013.05.003
http://dx.doi.org/10.1016/j.cireng.2013.05.003
mailto:ffvillaro@hotmail.com
http://www.elsevier.es/cirugia

CIR ESP. 2014;92(1):44-51 45

Palabras clave:

Solicitud de sangre preoperatoria
indices transfusionales
preoperatorios

Transfusién peroperatoria

Solicitud de sangre preoperatoria en cirugia programada de colon:
é¢necesidad o rutina?

RESUMEN

Introduccion: La solicitud de sangre preoperatoria en cirugia programada de colon es
una norma frecuente, incluso en aquellos procedimientos con escasa probabilidad
de transfusion. El objetivo de este estudio es evaluar la proporcién de pacientes que reciben
transfusién peroperatoria y determinar sus factores asociados.

Meétodos: Estudio retrospectivo de pacientes consecutivos en cirugia electiva de colon en el
periodo 2007-2012. Se analizan variables clinicopatoldgicas, quirirgicas y se calculan la ratio
sangre «en reservar/sangre transfundida (ratio C/T), la probabilidad de transfusién y el
indice transfusional. Los pacientes se dividen en 2 grupos en funcién de haber recibido o no
transfusién peroperatoria.

Resultados: Se contabilizan 457 pacientes, transfundiéndose 171 unidades sanguineas en
74 pacientes, siendo la probabilidad de transfusién del 16,2%, la ratio C/T de 5,34 y el indice
transfusional de 0,18. Las variables que se han asociado significativamente a recibir trans-
fusién sanguinea tras el andlisis multivariable son: la cifra preoperatoria de hemoglobina
inferior a 10 g/dl (OR: 309,8; IC 95%: 52,7-985,2), enfermedad pulmonar obstructiva crénica
(OR: 3,7; IC 95%: 1,3-10,7), anticoagulacién oral (OR: 5,7; IC 95%: 1,7-19,4) y tiempo quirdrgico
superior a 120 min (OR: 10,7; IC 95%: 4,7-24,1).

Conclusiones: La probabilidad de necesidad de transfusién en pacientes a los que se les
realiza cirugia electiva de colon es baja. Entre los factores asociados, la cifra de hemoglobina
preoperatoria inferior a 10 g/dl es el que presenta una mayor fuerza de asociacién. Los
pacientes con dichas cifras de hemoglobina preoperatoria no deberian ser intervenidos en

cirugia electiva de colon hasta haber recibido tratamiento apropiado.
© 2013 AEC. Publicado por Elsevier Espaiia, S.L. Todos los derechos reservados.

Introduction

The routine ordering of cross-matched blood for elective
colon surgery is a widely established procedure. However,
there are very few surgical procedures which entail a high risk
of perioperative haemorrhage and thus require blood
transfusion.’™ Therefore the routine preparation of cross-
matched blood is an inefficient use of resources and places a
burden (in terms of time and cost) on hospital blood bank
personnel.*

Furthermore the association between perioperative blood
transfusion and a higher morbimortality rate is widely
accepted.” ™

Patients need to be optimally prepared preoperatively and a
series of intraoperative measures are implemented by
anaesthetists and surgeons to avoid perioperative blood
transfusion and minimise its adverse affects in elective
surgery of the colon.>®*?

Different factors need to be defined that could be
indicative of the need for perioperative transfusion, and
protocols should be established for preoperative blood
ordering which are relevant to each surgical procedure and
serve as guidelines for more “rational” and efficient use of
blood transfusion. These programmes attempt to link the
number of cross-matched blood units with the real number of
blood units transfused.*?

We present a retrospective study of 457 consecutive cases
of patients who underwent elective colon surgery in order to

determine whether cross-matched blood ordering meets the
real requirements for perioperative transfusion and to identify
predictive factors.

Materials and Methods

A retrospective, observational, epidemiological study inclu-
ding 457 patients treated consecutively by elective colon
surgery, during the period from January 2007 to September
2012. Pretransfusion tests were requested for all the patients
for the preparation of two units of preoperative cross-matched
packed red blood cells (914 units in total). The patients were
divided into two groups depending on whether or not they had
received a transfusion of, at least, one unit of packed red cells
during surgery and in the first 24 h following surgery. The
study variables were divided into three groups: the first
included the gender and age, preoperative diagnosis (classified
as benign or malignant disease), and the anatomical location
in the colon (right colon, left colon and entire colon); a second
group comprising the preoperative variables and comorbidi-
ties of the patient, such as previous abdominal surgery,
preoperative haemoglobin count (Hb) of less than or exceeding
10 g/dl, arterial hypertension (HTA), diabetes mellitus (DM),
heart disease (CARD), chronic renal failure (CRF), chronic
obstructive pulmonary disease (COPD) and administration of
corticosteroids (CORT), oral anticoagulants (OAC) and anti-
platelet agents (APA); and finally a third group including
operative variables including operation time exceeding or less
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Table 1 - Calculated Transfusion Rates.

Rate Description

no. of cross-matched units

RatioC/T =

no. of transfused units

Transfusion probability (%T) =

Ideal value®
<25
no. of transfunded patients x 100 50
no. of patients with compatibility tests
no. of transfused units
>0.5

Transfusion rate (TI) =

no. of cross-matched units

# Value that justifies preoperatively ordering cross-matched blood.

than 120 min, and the surgical technique used, summarised in
terms of resection and primary anastomosis techniques (R+A),
and other techniques.

The following transfusion rates were calculated (Table 1):
cross-match-to-transfusion ratio compatibility tests (C:T
ratio), transfusion probability (%T) and transfusion rate (Ti).
The descriptive analysis was undertaken using means and
standard deviation for the quantitative variables, and
absolute and relative frequencies (percentages) for the
categorical variables. Univariable statistical analysis compa-
ring transfusion/non-transfusion groups was performed
using the Student’s t test for continuous variables and the
chi-square test for categorical variables. Multiple logistic
regression analysis, step-by-step maximum likelihood met-
hod, was used to assess the factors associated with receiving
a blood transfusion after adjusting possible confounding
effects. The dependent variable was blood transfusion (yes/
no), whereas the independent variables included were the
significant variables in the univariable analysis or with
biological plausibility. The results are presented in odds ratio
(OR) and 95% confidence interval (95% CI). The receiver
operating characteristic curve (ROC curve) was calculated to
obtain the sensitivity/specificity for each probability value,
selecting the best overall value as the cut-off point. The value
of the area under the curve and its 95% confidence interval are
presented (95% CI).

The accepted level of statistical significance was P<.05. The
data were analysed using the statistical programme SPSS,
version 15.0.

Results

Of the 457 patients included in the study, 239 were males
(52.3%) and 218 females (47.7%), the average age of the patient
was 69.6+12.4 (range 21-94). As per the diagnosis, 78 patients
had benign disease (17.1%) and 379 cases had malignant
disease (82.9%). The benign diagnoses were: adenomas (33),
ulcerative colitis (3), Crohn’s disease (1), diverticular disease
(37), lipomas of the colon (2) and one patient had sigmoid
volvulus. The diseases classified as malignant were 374 cases
of adenocarcinoma, one neuroendocrine carcinoma, one
Gardner’s syndrome, one Lynch syndrome and two cases of
high grade appendicular mucinous tumours. The anatomical
location was: right colon (191 cases: 41.8%), left colon
(242 cases: 53.0%), and entire colon (24 cases: 5.3%).

In terms of preoperative data and prior clinical history:
43 patients (9.4%) were identified with Hb levels lower than

10 g/dl, 165 patients (36.1%) had a history of previous
abdominal surgery.

Comorbidities recorded were: HTA (202 cases: 44.2%), DM
(86 cases: 18.8%), CARD (74 cases: 16.2%), CRF (13 cases: 2.8%)
and COPD (49 cases: 10.7%). Patients on oral CORT medication
(6 cases: 1.3%), OAC medication (29 cases: 6.3%) and APA
medication (43 cases: 9.4%) were also identified.

Two groups of surgical procedures were defined: R+A
(423 patients: 92.5%) and other procedures (34 patients: 7.5%).
Two groups of patients were established in terms of duration
of surgery: those with a surgical time of less than 120 min
(401 patients: 87.7%), and those with a longer duration of
surgery (56 patients: 12.3%).

74 patients received a transfusion (16.2%), with a total of
171 units (an average of 2.3 units per patient). The total
preparation time by blood bank personnel was 286 h, with an
average 38 min per patient.

The overall cost, taking into account only the pretransfu-
sion compatibility tests, came to 18,654.82 €, with an average
of 40.82 € per patient.

The transfusion rates calculated were: C:T ratio=5.34;
%T=16.2% and Ti=0.18.

The results of the univariable analysis are shown in
Table 2. There are significant differences with regard to age
and the group which had received a transfusion being
older (73.3+11.2 compared to 68.8+12.5 years of age;
P=.005).

With regard to preoperative diagnosis, there was no
significant difference in the comparison between benign
and malignant diseases. In the distribution of diseases
according to their anatomical location in the colon, we can
see that the group which behaved differently to the other
two was the left colon group, i.e., a greater risk of requiring a
blood transfusion was found in the right colon group
compared to the left colon group (19.9% compared to
12.0% respectively), and in the entire colon group compared
to the left colon group (29.2% compared to 12.0% respecti-
vely). The differences in the right colon and the entire colon
compared to the left colon are statistically significant
(P=.02).

There are also significant differences in terms of preope-
rative Hb level, in that 41 patients (95.3%) with an Hb lower
than 10 g/dl were transfused compared to 33 patients (8%) with
an Hb above 10g/dl (P<.0001). There are no significant
differences with regard to a history of previous surgery
(17.6% compared to 15.4% transfused patients, respectively).

When studying the proportion of transfused patients
according to comorbidities, it can be observed that patients
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Table 2 - Univariable Analysis.

Variable Total Transfusion No transfusion
n % No. % n % P
Total 457 100 74 16.2 383 83.8 -
Gender
Males 239 52.3 35 14.6 204 85.4 .375
Females 218 47.7 39 17.9 179 82.4
Average age 69.6+12.4 73.3£11.2 68.8+£12.5 .005
Diagnosis
Benign D. 78 17.1 8 10.3 70 89.7 .62
Malignant D. 379 82.9 66 17.4 313 82.6
Location
Right colon 191 41.8 38 19.9 153 80.1
Left colon 242 53 29 12.0 213 88.0 .022
Entire colon 24 5.3 7 29.2 17 70.8
Preop Hb
<10 g/dl 43 9.4 41 95.3 2 4.7 <.0001
>10 g/dl 414 90.6 33 8.0 381 92.0
Previous surgery
Yes 165 36.1 29 17.6 136 82.4 .597
No 292 63.9 45 15.4 247 84.6
Comorbidities
AHT yes 202 442 40 19.8 162 80.2 .073
AHT no 255 55.8 34 13.3 221 86.7
DM yes 86 18.8 20 23.3 66 76.7 .053
DM no 371 81.2 54 14.6 317 85.4
CARD yes 74 16.2 25 33.8 49 66.2 <.0001
CARD no 383 83.8 49 12.8 334 87.2
CRF yes 13 2.8 5 38.5 8 61.5 .043
CRF no 444 97.2 69 15.5 375 84.5
COPD yes 49 10.7 19 38.8 30 61.2 <.0001
COPD no 408 89.3 55 13.5 353 86.5
CORT yes 6 1.3 2 333 4 66.7 251
CORT no 451 98.7 72 16.0 379 84.0
OAC yes 29 6.3 14 48.3 15 51.7 <.0001
OAC no 428 93.7 60 14.0 368 86.0
APA yes 43 9.4 6 14.0 37 86.0 .829
APA no 414 90.6 68 16.4 346 83.6
Surgical technique
R+A 423 92.5 71 16.8 352 83.2 .939
Other 34 7.5 3 8.8 31 91.2
Surgery time
>120 min 56 12.3 22 39.3 34 60.7 <.0001
<120 min 401 87.7 52 13.0 349 87.0

OAC, oral anticoagulants; APA, anti-platelet agents; CARD, heart disease; CORT, corticosteroids; DM, diabetes mellitus; D, disease; COPD,
chronic obstructive pulmonary disease; AHT, arterial hypertension; CRF, chronic renal failure; R+A, resection and anastomosis techniques.
@ The left colon subgroup within the location variable behaves differently compared to the right colon and entire colon subgroups, with no

statistical significance.

with DM (P=.005), CARD (P<.0001), CRF (P=.043), COPD (P<.0001)
or receiving OAC treatment (P<.0001) received more transfu-
sions than those who did not have the illnesses diseases or
who did not need the medication (Fig. 1).

The surgical technique used did not show results of
statistical significance in the analysis of both groups. On the
contrary, the patients with a surgery time exceeding
120 min represented 39.3% cases of transfusion, compared
to 13.0% of cases in the group of patients with a surgery time
of less than 120 min; the difference is statistically significant
(P<.0001).

The results of multiple logistic regression analysis are
shown in Table 3, the significant variables were: Hb
levels<10 g/dl, a history of COPD, receiving OAC treatment
and surgery of a duration exceeding 120 min. The prediction
equation of the probability of receiving a transfusion from the
values of these factors is included in the table. Fig. 2 presents
the ROC sensitivity curve for predicted probability. Therefore
the cut-off point with the best overall value is predicted
probability of 0.2, which presents 77% sensitivity and 90.6%
specificity. The area under the curve was 0.88 (95% CI: 0.83-
0.94; P<.0001).
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Fig. 1 - Proportion of transfusions according to
comorbidity. OAC: oral anticoagulants; APA: anti-platelet
agents; CARD: heart disease; CORT: corticosteroids; DM:
diabetes mellitus; COPD: chronic obstructive pulmonary
disease; AHT: arterial hypertension; CRF: chronic renal
failure.

*There are statistically significant differences between
patients with the disease and patients without the disease
(P<.05).

A subanalysis was made to evaluate which factors were
associated with transfusion in patients with a HB above 10 g/dl.
In this group of 414 patients, only a total of 33 (8%) patients were
transfused with a total of 96 units, which represent 56.1% of the
total units transfused in the general group.

The transfusion rates calculated in this group of patients
with preoperative Hb above 10 g/dl were: C:T ratio=8.62;
%T=8% and Ti=0.11.

The transfusion rates of the two groups of patients, total
group and group with preoperative Hb>10 g/dl, are shown in
Table 4.

The variables significantly associated with having received
a transfusion in this subgroup were: having heart disease
(15.5% compared to 6.7%; P=.033); receiving oral anticoagulant
therapy (25% compared to 7.2%; P=.015); and a surgery time
exceeding 120 min (32% compared to 4.3%; P<.0001). A history
of COPD shows an association close to statistical significance
(16.7% compared to 7.1%; P=.055). The results of multiple
logistic regression analysis show that the independent

variables significantly associated with having received a
transfusion are: duration of surgery exceeding 120 min
(OR=11.3; 95% CI: 4.7-25.8), having a history of COPD (OR: 3.9;
95% CI: 1.3-12.3) and receiving treatment with OAC (OR: 6.3;95%
CI: 1.9-18.0). Fig. 2 shows the ROC sensitivity curve for predicted
probability according to the equation obtained:

Transfusion probability
333236 time 120 min::1.70x OAC1.22x COPD

= 1+ e—3.33+2.36xtime 120 min+1.70xOAC+1.22xCOPD

Thus, the cut-off point of best overall value has a predicted
probability of 0.13, presenting 55% sensitivity and 87.1%
specificity. The area under the curve was 0.74 (95% CIL:
0.64-0.85; P<.0001).

Discussion

Requesting preoperative cross-matched blood is routine
practice in elective surgery, even for surgical procedures with
minimal perioperative blood %T."*'"'** This preparation of
cross-matched packed red blood cells goes beyond real needs.
The first data published in this regard are the work of
Friedman in 1973."° In this study the ratio of cross-matched
blood to transfused blood (C:T ratio), %T and Ti were used as
indicators to demonstrate that requesting cross-matched
blood preoperatively was unnecessary.

Kozarzewska et al.” state that the values which justify
ordering cross-matched blood preoperatively are a C:T
ratio<3, a %T>30% and Ti>0.5. However, their results were
a C:Tratio=9, a %T=10.9 and a Ti=0.27, very far from real needs.

Other studies have been published in recent years which
attempt to provide information on the disparity which exists
between preoperatively cross-matched blood units and those
which are eventually transfused for each surgical procedure.
This routine preparation imposes a real burden on blood
banks, both in terms of time and financial resources.**%.1316-18

Singh and Singh'’ encountered a %T=14% in patients
scheduled for colorectal surgery, with a C:T ratio=3.7 and a
Ti=0.26. Similar data were obtained by Palmer et al.,'® finding a
transfusion percentage of 16%.

The observational retrospective study we present all the
identified 457 consecutive patients who underwent elective
colonic surgery, two units of cross-matched blood having been

Table 3 - Multiple Logistic Regression Analysis.

Variable Parameters OR 95% CI
COPD Yes/no 3.7 1.3-10.7
OAC Yes/no 5.7 1.7-19.5
Surgery time <120/>120 min 10.7 4.8-24.1
Preoperative Hb <10/>10 g/dl 309.8 52.7-985.2

e —3:3645.7xpreop Hb 10+2.38x time 120 min+1.75xOAC=+1.29xCOPD

Transfusion probability =

1 + e—3-36+5.7xpreop Hb 10+2.38x time 120 min+1.75xOAC+1.29xCOPD *

OAC, oral anticoagulants; COPD, chronic obstructive pulmonary disease; Hb, haemoglobin; CI, confidence interval; OR, odds ratio.
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Fig. 2 - Sensitivity curve (ROC) of probability predicted by the logistic regression equation.

routinely requested for each preoperatively (914 units in total),
of which only 171 units were transfused in 74 patients (16.2%).
This study attempts to identify the factors associated with
perioperative blood transfusion which justify preoperatively
requesting and preparing cross-matched packed red blood
cells.

Rather than making an analysis by diagnosis or surgical
procedure, the diagnoses were divided into two groups, benign
disease and malignant disease (83% adenocarcinoma), and
surgical procedures into resection and anastomosis techni-
ques and other surgery. Similarly, the only preoperative
analytical datum in the study were the plasma Hb count, but
classifying the patients as to whether the count was higher or
lower than 10 g/dl, rather than using mean values for each
group as in other studies.’* In this way the results were
simplified.

In this regard, the preoperative Hb variable was the factor
with the greatest strength of association with the probability of
having received a transfusion (OR: 309.8; 95% CI: 52.7-985.2), as
95.3% of patients with an Hb lower than 10 g/dl were transfused
compared to 8% of patients with an Hb above 10 g/dl. Since
practically all of the patients with an Hb lower than 10 g/dl
received a transfusion, this in itself would be an indication for
reserving blood, as long as it was not possible to resolve this
prior to surgery by the appropriate treatment of the patient.
Other factors independently associated with receiving a
transfusion were a surgery time exceeding 120 min, a history
of COPD and receiving OAC therapy. The probability predicted
by the equation has significant predictive capacity.

We decided to study the subgroup of patients with an Hb
above 10 g/dl to look for predictive factors for transfusion in
these patients, which are the same as we found in the total
sample: surgery time exceeding 120 min, a history of COPD
and receiving OAC therapy.

The need to evaluate predisposing factors for a blood
transfusion in patients recommended for elective surgery was
initially published by Ayantunde et al.'* in patients who were
candidates for oesophagectomy due to cancer. The study
concluded that the predictive factors for a blood transfusion
are age and the presence of comorbidities. Other predictive
factors were low preoperative Hb counts, being female and
type of surgery.»**?°

There is some work which attempts to formulate guide-
lines in which the ratio between requesting cross-matched
blood preoperatively and the blood eventually transfused
(C:T ratio) should not exceed 2.'>?! Indicators such as the
Maximum Surgical Blood Ordering Schedule (MSBOS) and its
subsequent amendment, and Mead’s criteria®** attempt to
predict the preoperative risk of blood transfusion for each
surgical procedure.>**'8

There are two objectives: not to overexploit the system’s
resources and to minimise the risks of transfusion.”” Due to
the immunomodulation induced by blood transfusion, there is
a greater risk of postoperative infection, deep vein thrombosis,
and a higher rate of anastomotic dehiscence and neoplasic
recurrence in oncological patients.?**°

The authors are exposing the habit of excessive preope-
rative ordering of cross-matched blood beyond real needs,

Table 4 - Transfusion Rates; Group Ratio.

n Cross-matched units Transfused patients Transfused units Ratio C/T %T IT
Total group 457 914 74 171 5.34 16.2 0.18
Hb group>10 g/dl 414 828 33 96 8.62 8 0.11

Tr, transfusion rate: recommended value>0.5; C:T ratio, ratio cross-matched units to transfused units: recommended value<2.5; %T,

transfusion probability: recommended value>50%.
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which places a burden on the health system. It is essential to
rationalise cross-matched blood ordering and establish the
number of blood units which should be ordered for each
surgical procedure.>'®

Conclusions

Routine preoperative ordering of cross-matched blood is not
justified in elective colon surgery and is an inefficient use of
health resources. Predictive factors for transfusion must be
identified for selective ordering of cross-matched blood in
line with these factors. In our case, the abovementioned
high risk factors for transfusion are a history of COPD,
treatment with OAC and a predictable duration of surgery
exceeding 120 min. Patients with a preoperative plasma Hb
count lower than 10 g/dl should not undergo elective colon
surgery unless their anaemia has been treated to increase
their Hb count.

Conflict of Interests

The authors have no conflict of interests to declare.

REFERENCES

1. Subramanian A, Sagar S, Kumar S, Agrawal D, Albert V,
Chandra M. Maximun surgical blood ordering schedule in a
tertiary trauma center in northern India: a proposal. ] Emerg
Trauma Shock. 2012;5:321-7.

2. Kozarzewska M, Mackowiak M, Steler J, Krefta M,

Hasak L, Kardel-Reszkiewicz E. The analysis of
surgical blood order protocol. Anestezjol Intens Ter.
2011;43:71-3.

3. Bhutia SG, Srinivasan K, Ananthakrishnan N, Jayanthi S,
Ravishankar M. Blood utilization in elective surgery-
requirements, ordering and transfusion practices. Natl Med ]
India. 1997;10:164-8.

4. Prichard RS, O’Keefe M, McLaughlin R, Malone C, Sweeney
KJ, Kerin MJ. A study of pre-operative type and screen in
breast surgery: improved efficiency and cost saving. Ir ] Med
Sci. 2011;180:513-6.

5. Duran L, Moral V, Basora M, Colomina MJ, Llau JV, Sanchex
CA. Estudio epidemiolégico de la anemia preoperatoria en
pacientes sometidos a cirugia oncoldgica en Espafia. Estudio
RECIRON. Cir Esp. 2009;85:45-52.

6. Leal SR, Alberca I, Asuero S, Béveda JL, Carpio N, Contreras E.
Sevilla de consenso sobre alternativas a la transfusién de
sangre alogénica. Med Clin. 2006;127 Suppl. 1:3-20.

7. Mufioz M, Llau JM, Leal SR, Garcia-Erce JA, Culebras JM.
Transfusién sanguinea perioperatoria en el paciente
neoplasico. I. Alteraciones inmunoldgicas y consecuencias
clinicas. Cir Esp. 2002;72:160-8.

8. Harlaar JJ, Gosselink MP, Hop WC, Lange JF, Busch OR, Jeekel
H. Do blood transfusions affect survival in patients
with colorectal cancer? Ann Surg. 2012;256:681-6.

9. Acheson AG, Brookes MJ, Spahn DR. Effects of allogenic red
blood cell transfusions on clinical outcomes in patients
undergoing colorectal cancer surgery: a systematic review
and meta-analysis. Ann Surg. 2012;256:235-44.

10.

11.

12.

13.

14.

15.

16.

17.

18.

20.

21.

22.

23.

24.

25.

26.

27.

KlingJ. Real-time hemoglobin monitoring surgery cuts blood
transfusions. In: American Society of Anesthesiologists
(ASA) 2010 annual meeting: Abstract LBO5. San Diego, CA,
USA, October 18: Medscape; 2010.

Ayantunde A, Ng Ming Y, Pal S, Welch NT, Parsons SL.
Analysis of blood transfusion predictors in patients
undergoing elective oesophagectomy for cancer. BMC Surg.
2008;8:3.

Murioz M, Llau JV, Leal SR, Garcia-Erce JA, Culebras JM.
Transfusién sanguinea perioperatoria en el paciente
neoplésico. II. Alternativas para la reduccién de los riesgos
transfusionales. Cir Esp. 2002;72:337-48.

Helwick C. Perioperative blood ordering is vastly overused.
In: American Society of Anestesyologists (ASA). 2012 Annual
Meeting. Abstract BO04. Washington, DC, USA, October 16:
Medscape; 2012.

Oliveira A, Fleming R, Galvdo M. The maximum

surgical blood order schedule. Acta Med Port. 2006;19:
357-62.

Friedman BA, Oberman HA, Chadwick AR. The maximum
surgical blood order schedule and surgical blood use in the
United States. Transfusion. 1976;16:380-7.

Malik H, Bishop H, Winstanley J. Audit of blood transfusion
in elective breast cancer surgery—do we need to group
and save pre-operatively? Ann R Coll Surg Engl. 2008;90:
472-3.

Singh JK, Singh P. Routine pre-operative cross-match

for elective colorectal resections: an appropriate use

of resources? Surgeon. 2011;9:8-12.

Palmer T, Wahr JA, O’Reilly M, Greenfield ML.

Reducing unnecessary cross-matching: a patient-

specific blood ordering system is more accurate in
predicting who will receive a blood transfusion than

the maximum blood ordering system. Anesth Analg.
2003;96:369-75.

. Subramanian A, Rangarajan K, Kumar S, Sharma V,

Farooque K, Misra MC. Reviewing the blood ordering
schedule for elective orthopedic surgeries at a level one
trauma care center. ] Emerg Trauma Shock. 2010;3:
225-30.

Use of blood products for elective surgery in 43 European
hospitals. The Sanguis Study Group. Transfus Med.
1994,4:251-68.

Bierbaum BE, Callaghan JJ, Galante JO, Rubash HE, Tooms RE,
Welch RB. An analysis of blood management in patients
having a total hip or knee arthroplasty. ] Bone Joint Surg Am.
1999;81:2-10.

Mead JH, Anthony CD, Sattler M. Hemotherapy in elective
surgery: an incident report, review of literature and
alternatives for guideline approval. Am J Clin Pathol.
1980,74:223-7.

The British Committee for Standards in Haematology
(BCSH): guidelines for the use of red cell transfusions. Br ]
Haematol. 2001;113:24-31.

Vibhute M, Kamath SK, Shetty A. Blood utilisation in
elective general surgery cases: requirements, ordering
and transfusion practices. ] Postgrad Med. 2000;46:

13-7.

Lin JS, Chen Y]J, Tzeng CH, Lyou JY, Lee CH. Revisiting

of preoperative blood ordering policy—a single

institute’s experience in Taiwan. ] Chin Med Assoc.
2006;69:507-11.

Katoh H, Yamashita K, Wang G, Sato T, Nakamura T,
Watanabe M. Anastomotic leakage contributes to the risk
for systemic recurrence in stage II colorectal cancer. J
Gastrointest Surg. 2011;15:120-9.

Amato A, Pescatori M. Transfusiones de sangre
perioperatorias para la recidiva del cancer colorrectal
(Revisién Cochrane traducida). In: La Biblioteca Cochrane


http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0005
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0005
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0005
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0005
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0010
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0010
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0010
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0010
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0015
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0015
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0015
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0015
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0020
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0020
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0020
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0020
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0025
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0025
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0025
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0025
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0030
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0030
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0030
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0035
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0035
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0035
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0035
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0040
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0040
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0040
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0045
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0045
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0045
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0045
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0050
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0050
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0050
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0050
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0055
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0055
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0055
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0055
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0060
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0060
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0060
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0060
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0065
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0065
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0065
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0065
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0070
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0070
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0070
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0075
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0075
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0075
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0080
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0080
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0080
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0080
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0085
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0085
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0085
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0090
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0090
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0090
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0090
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0090
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0090
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0095
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0095
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0095
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0095
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0095
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0100
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0100
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0100
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0105
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0105
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0105
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0105
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0110
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0110
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0110
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0110
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0115
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0115
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0115
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0120
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0120
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0120
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0120
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0125
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0125
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0125
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0125
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0130
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0130
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0130
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0130

CIR ESP. 2014;92(1):44-51 51

28.

Plus, 2008 Numero 4. Oxford: Update Software Ltd.; 2013
Availavble from: http://www.update-software.com [accessed
10 February 2013] (Translation of The Cochrane Library, 2008
Issue 3. Chichester, UK: John Wiley & Sons, Ltd.)

Dogan L, Karaman N, Yilmaz KB, Ozaslan C, Atalay C,
Altinok M. Characteristics and risk factors for colorectal
cancer recurrence. J Buon. 2010;15:61-7.

29.

30.

Xenos ES, Vargas HD, Davenport DL. Association of blood
transfusion and venous thromboembolism after colorectal
cancer resection. Thromb Res. 2011;15:1904-5.

Sitges-Serra A, Insenser JJ, Membrilla E. Blood transfusions
and postoperative infections in patients undergoing
elective surgery. Surg Infect (Larchmt). 2006;7 Suppl. 2:
S33-5.


http://www.update-software.com/
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0140
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0140
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0140
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0145
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0145
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0145
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0150
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0150
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0150
http://refhub.elsevier.com/S2173-5077(14)00042-8/sbref0150

	Preoperative Blood Ordering in Elective Colon Surgery: Requirement or Routine?
	Introduction
	Materials and Methods
	Results
	Discussion
	Conclusions
	Conflict of Interests
	References


