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ABSTRACT

Objective: To retrospectively evaluate perioperative blood trans-
fusion rates and effects after the implementing of patient blood
management strategies in patients who underwent hip replace-
ment surgery by the same experienced surgeon.

Methods: Patients were divided into two groups: before and af-
ter the implementation of patient blood management strategies.
Patients who underwent hip surgery by the same surgeon were
between the ages of 18-90, had an American Society of Anesthe-
siologists Physical Status Classification <3, platelet count >100 K
uL?, had no history of hematological disease, did not use antico-
agulants, or discontinued treatment before the recommended pe-
riod were included in the study. In the intraoperative period, mod-
erate hypotensive anesthesia, regional anesthesia, deep sedation
methods, adjustment of intravenous fluid therapy according to
the amount of bleeding and fluid deficit, warming of intravenous
fluids, blood, and the patient during the operation, and monitor-
ing of bleeding due to the operation were provided. When the
amount of bleeding in the aspirator exceeded 1000 mL, when
the mean blood pressure of the patient fell below 20% of the en-
trance mean blood pressure after the exclusion of causes other
than bleeding, or when the amount of bleeding in the tampons or
around the surgery site increased, a decision was made together
with the surgeon and blood transfusion was applied.

Results: A total of 552 patients were included in the study. The
red blood cell transfusion rate was significantly higher in the first
6-year period in patients with total hip replacement (p=0.017).
Patients with higher transfusion rates were older and had lower
body mass index (p<0.001).

Conclusion: In conclusion, this study showed that transfusion
rates and related complications can be reduced using patient
blood management strategies, in total hip arthroplasty. Addition-
ally, patients with advanced age, female gender, low body mass
index, and coronary artery disease received hyper red blood cells
transfusions.

Keywords: Patient blood management, hip replacement,
anesthesia
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Amag: Ayni deneyimli cerrah tarafindan kalga protezi ameliyati ya-
pilan hastalarda hasta kan yonetimi stratejilerinin uygulanmasinin
ardindan peroperatif kan transflizyon oranlarini ve etkilerini res-
tospektif olarak degerlendirmek.

Yontem: Hastalar, hasta kan yonetimi stratejilerinin uygulanma
tarihi 6ncesi ve sonrasi olmak Uzere iki gruba ayrildi. Ayni cer-
rah tarafinda kalga operasyonu uygulanan, yaslari 18-90 arasinda
olan, Amerikan Anestezistler Dernegi Fiziksel Durum Siniflamasi
<3, trombosit sayisi >100 K pL* olan, hematolojik hastalik oykus
olmayan, antikoagtilan kullanmayan veya Onerilen siire dncesi te-
daviyi birakan hastalar ¢alismaya dahil edildi. intraoperatif dénem-
de orta derecede hipotansif anestezi, bolgesel anestezi ve derin
sedasyon yontemleri, intravenoz sivi tedavisinin kanama miktarina
ve sivi agigina gore ayarlanmasi ve operasyon sirasinda intravenoz
sivilarin, kanin ve hastanin isitilmasi, operasyona bagl kanamanin
takibi saglandi. Aspiratérdeki kanama miktari 1000 mL Gzerine gik-
tiginda, kanama harici sebepler ekarte edildikten sonra hastanin
ortalama kan basinci giris degerinin %20 altina distiginde, tam-
ponlardaki veya ameliyat yeri etrafindaki kanama miktari arttigin-
da cerrahla beraber karar verilerek kan transfiizyonu uygulandi.

Bulgular: Calismaya toplam 552 hasta dahil edildi. Total kalga
protezi yapilan hastalarda hasta kan yénetimi stratejilerinin uygu-
lanmasindan 6nceki donemde eritrosit transflizyon orani anlaml
olarak yuksekti (p=0,017). Transflizyon orani yliksek olan hastalar
daha yasl ve vicut kitle indeksi daha diistiktl (p<0,001).

Sonug: Sonug olarak, bu galisma total kalgca artroplastisinde has-
ta kan yonetimi stratejileri kullanilarak transfiizyon oranlarinin ve
buna bagli komplikasyonlarin azaltilabilecegini gbstermistir. Ek ola-
rak ileri yas, kadin cinsiyet, dusik vicut kitle indeksi ve koroner
arter hastaligi hastalarina daha fazla eritrosit transfiizyonu uygu-
landig1 saptandi.

Anahtar sozciikler: Hasta kan yonetimi, kalga protezi, anestezi
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INTRODUCTION

Hip replacement surgeries are among the operations whose
frequency is increasing both in our country and globally. In
these operations, procedures such as soft tissue dissection,
preparation of the acetabulum, and cutting of the femur
cause acute blood loss and continue in the postoperative
period (1). It has been reported that the blood transfusion
rate in hip operations in the United States is between 18-68%
(2,3). There are also studies reporting that erythrocyte trans-
fusion was applied to approximately 46% in the intraopera-
tive or postoperative period (4).

Various complications may develop in patients during or af-
ter blood transfusion. These complications include local or
systemic infections, venous thromboembolic events, allergic
reactions, circulatory overload, transfusion-induced acute
lung injury, increased morbidity, mortality, and hospital stay.
In addition, a significant increase in cost can be observed (4).
It is thought that the amount of bleeding varies according to
the duration of the operation, the experience of the surgeon,
and the type of surgery. Therefore, it is important for patient
safety to reduce surgical bleeding and avoid transfusion as
much as possible (5).

‘Patient blood management’ has been defined adoption of
strategies to reduce the frequency of perioperative surgical
bleeding and transfusion (6,7). This management includes
perioperative patient blood management practices, correc-
tion of preoperative anemia, autologous blood donation,
stopping of anticoagulants, acute normovolemic hemodilu-
tion, regional anesthesia, controlled hypotension, avoidance
of hypothermia, appropriate fluid management, meticulous
surgery, appropriate hemostasis, patient position, postoper-
ative drain strategy, tranexamic acid use (8). Patient blood
management measures have been actively used since 2017
in hip replacement surgeries.

This study aims to retrospectively evaluate the effects of pa-
tient blood management strategies, on blood transfusion rate
in hip replacement surgery.

MATERIAL and METHODS

The present study was approved by Baskent University Insti-
tutional Review Board (Project no: KA22/430) and support-
ed by Baskent University Research Fund. (ClinicalTrials.gov
NCT05627544). Following ethics committee approval, the
perioperative follow-up forms and patient records of 565
patients who underwent hip prosthesis operations (total hip
prosthesis [THP] and revision hip prosthesis [RHP]) by the
same experienced surgeon between January 2010 and Au-
gust 2022 were retrospectively reviewed. Informed consent
was obtained from all participants.
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Patients aged 18-90 years, classified as classified as ASA
Physical Status I-11l, and with platelet counts 2100 K pL™" were
included in the study. Exclusion criteria included patients out-
side the specified age range, ASA > 3, platelet counts < 100 K
uL™, a history of hematological disorders, and failure to dis-
continue anticoagulants on the recommended date.

Demographic data of the patients, ASA scores, preoperative,
perioperative, and postoperative transfusion amount, type
of surgery and anesthesia, duration of surgery, fluid manage-
ment, drainage volume, the intensive care unit admissions,
and complications, were recorded. Patients were divided into
2 groups: before (Group 1) and after (Group 2) 2017, marking
the implementation of blood management strategies.

Within these strategies, the transfusion risks were deter-
mined preoperatively and anemia was corrected. Intraoper-
atively, methods included moderate hypotensive anesthesia,
regional anesthesia, and deep sedation methods, fluid ther-
apy adjustments, warming of intravenous fluids, blood, and
the patient, and meticulous monitoring of bleeding. When
the amount of bleeding in the aspirator exceeded 1000 mL,
when the mean blood pressure of the patient fell below 20%
of the entrance mean blood pressure after the exclusion of
causes other than bleeding, or when the amount of bleeding
in the tampons or around the surgery site increased, a deci-
sion was made together with the surgeon and blood trans-
fusion was applied. Postoperative care included continued
warming, pain management with epidural or intravenous
patient-controlled analgesia methods, drain monitoring and
transfusion based on clinical and laboratory parameters. If
the amount of bleeding was excessive and the patient’s mean
blood pressure was 20% below the entrance mean blood
pressure, a blood transfusion decision was made together
with the surgeon by monitoring the hemogram. If hemoglo-
bin was < 8 g dL* in ASA I-Il patients and <9 g dL™ in ASA IlI
patients, transfusion was applied.

Statistical Analysis

Statistical analyses were analyzed using IBM SPSS Statistics
25.0 (IBM Corp. Released 2017. IBM SPSS Statistics for Win-
dows, Version 25.0. Armonk, NY: IBM Corp.) Program. Nor-
mal distribution control of numerical variables was examined
by the Kolmogorov-Smirnov Test. The existence of a linear
relationship between the frequency of transfusion and oth-
er numerical and ordinal variables was evaluated using the
Spearman correlation analysis method. Transfusion frequen-
cy in two-group variables was compared between groups us-
ing the Mann-Whitney U Test. Comparisons were made with
the Kruskal-Wallis Test in variables with three or more groups,
and Dunn’s Test (with Bonferroni correction) was used for
pairwise group comparisons when the difference was signifi-
cant. Categorical variables were expressed as counts and per-
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centages and continuous variables were expressed as mean
and SD.

All hypothesis tests were carried out bilaterally two-sided at
the 0.05 significance level.

RESULTS

Of the 565 patients, eight were excluded due to missing
data, anticoagulant use, or low platelet count. A total of 552
patients (400 women, and 152 men) were included. Demo-
graphic data are summarized in Table I.

The blood transfusion rate was significantly higher in patients,
undergoing hip revision due to prosthesis deformation or in-

Table I. Patients Characteristics

fection (p<0.001). Detailed diagnoses and surgical operations
are provided in Table II.

In Group 1, six patients (five undergoing THP and one under-
going RHP) received preoperative red blood cell transfusions,
compared to three patients in Group 2 (two undergoing THP
and one undergoing RHP).

Postoperative transfusion rates were significantly lower in
Group 2, with 133 (65.8%) patients receiving transfusions
compared to 250 (71.4%) in Group 1 (p=0.041). Most transfu-
sions occurred on postoperative days 1 (68.8%) and 2. Trans-
fusion rates were notably reduced in total hip replacement
surgeries in Group 2 (p=0.017; Table IIl). However, there was
no significant change in transfusion rates for revision hip
prostheses.

Group 1 Group 2
n=350 n=202 5
Female gender n (%) 256 (73.1) 144 (71.3) 0.638Y
Age (mean £ SD) 60.25 + 15.91 61.35+ 16.08 0.330¢
BMI (mean + SD) 27.08 £3.99 27.41+4.49 0.365¢
| 115 (33) 58 (%28.7)
ASA n (%) Il 231 (66.2) 142 (70.3) 0.594¢
. 3(0.9) 3(1)
CAD n (%) 17 (4.9) 14 (7) 0.301Y
AU n (%) 61 (17.4) 41(20.3) 0.403Y
THR n (%) 303 (86.6) 175 (86.6)
Op Typ 0.951
RHR n (%) 46 (13.2) 27 (13.4)
AN1 n (%) 301 (86) 179 (88.6)
AN2 n (%) 38(10.9) 15 (7.4)
AN3 n (%) 4(1.1) 6(3) 0.279°
AN4 n (%) 5(1.4) 2(1)
ANS n (%) 2(0.6) 0
Op T THR (min) 74.21+25.38 74.51 £ 20.83 .
Op T RHR (min) 138.4 +37.79 136.48 + 41.60 0761
An T THR (min) 112.74 £ 27.19 118.11+24.71 .
An T RHR (min) 181.06 £42.37 185.93 +44.96 0:003
HS THR (day) 6.14 +1.30 5.68 £ 1.25 p<0.001“
HS RHR (day) 7.68 £ 3.47 6.52 £ 3.67 p=0.002¢

SD: Standart Deviation, BMI: Body mass index, ASA: American Society of Anesthesiologists’ Physical Status Classification, CAD: Coronary artery disease,
AU: Anticoagulant use, Op Typ: Operation type, THR: Total hip replacement, RHR: Revision hip replacement, AN: Anesthesia type, AN1: Combined
spinal and epidural anesthesia, AN2: General anesthesia, AN3: Spinal anesthesia, AN4: Epidural and general anesthesia, AN5: Combined spinal and
epidural and general anesthesia, Op T: Operation time, min: Minute, An T: Anesthesia time, HS: Hospital stay. Data were analyzed using: a: Mann-Whit-
ney U Test, B: Fisher’s Exact Test, y: Chi-Square Test. p<0.05 was considered significant.
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Table Il. Diagnoses and Surgeries

Group 1 Group 2
n (%) n (%) p-value

Hip osteoarthritis + total hip replacement 261 (%75.5) 174 (%86.13)
Revision hip replacement 39 (%11.14) 9 (%4.45)
Hip fracture + total hip replacement 37 (%10.5) 13 (%6.4) 0=0.018
Hip fracture + Revision hip replacement 6 (%1.7) 2 (%0.99)
Congenital hip dislocation + total hip replacement 6 (%1.7) 4 (%1.98)
Infected hip replacement + Revision hip replacement 1 (%0.28)

Data were analyzed using the Fisher’s Exact Test and p<0.05 was considered significant.

Table Ill. Comparison of Perioperative Red Blood Cell Transfusions Between Periods in Total and Revision Hip Replacement

Total Hip Replacement Revision Hip Replacement
_ _ Group 1 Group 2
Group 1 (n=303) Group 2 (n=175) (n=47) (n=27)
Preop Hb (gr dL?) (meantSD) 12.83+1.51 13.05+1.61 0.191¢ 11.89+1.72 12.39+1.77 0.099*
Preop transfusion Yes n (%) 6 (%2) 1 (%0.6) 0.431F 2 (%4.3) 2 (%7.4) 0.620°
Number of preop transfusion
Median/Mean Rank 0.0/241.0 0.0/236.9 0.153¢ 0.0/37.1 0.0/38.2 0.586¢
Min-Max 0-2 0-1 0-2 0-2
Perop transfusion Yes n (%) 40 (%13.2) 16 (%9.1) 0.184Y 37 (%78.7) 24 (%88.9) 0.351°
Number of perop transfusion
Median/Mean Rank 0.0/242.9 0.0/233.7 0.215¢ 1.0/35.8 1.0/40.5 0.329¢
Min-Max 0-2 0-1 0-3 0-3
Postop transfusion Yes n (%) 204 (%67.3) 106 (%60.6) 0.136Y 46 (%97.9) 27 (100.0%) 1.000°
Number of postop transfusion
Median/Mean Rank 1.0/248.9 1.0/233.7 0.036 2.0/39.8 2.0/33.6 0.214¢
Min-Max 0-6 0-4 0-4 1-5
Number of total transfusion
Median/Mean Rank 1.0/250.4 1.0/220.6 0.017¢ 4.0/38.0 3.0/36.6 0.784¢
Min-Max 0-7 04 7-Jan 1-7

SD: Standart Deviation, Hb: Hemoglobin. a: Mann-Whitney U Test, B: Fisher’s Exact Test, y: Chi-Square Test. p<0.05 was considered significant.

Preoperative Intraoperative Postoperative Total
mo
100 g
N2
. b CH
g m’
&
40, p=0.041
20 24.0%]
17.1% 8 M14.4%) —
o Ll Bos%) 1.0%
Group 1 Group 2 Group 1 Group 2 Group 1 Group 2 Group 1 Group 2

Figure 1. Stacked bar percent by the time of red blood cell transfusion by group (pre-, intra-, postoperative, and total).
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Intraoperative data of patients with THP are summarized in
Figure 2.

Higher transfusion rates were observed in older patients
(r=0.173; p<0.001), women, and those with low body mass
index (BMI) (r=-0.129; p=0.002).

Prolonged surgery and anesthesia duration also correlated
with increased transfusions (r=0.396 and r=0.357, respective-
ly; p<0.001).

More drains correlated with increased transfusions (r=0.260;
p<0.001).

The highest transfusion rates correlated with longer hospital
stays (r=0.286; p<0.001), and lower postoperative urine vol-
ume (r=- 0.260; p<0.001).

The lowest transfusion rates were observed in combined spi-
nal-epidural anesthesia (p=0.001) or epidural-general anes-
thesia (p=0.029).

Patients with coronary artery disease (CAD) (p=0.047), pre-
operative analgesic (p=0.001) and opioid use (p=0.009),
non-smokers (p=0.016), had higher red cell transfusion rates.

Patients who received transfusion had higher intensive care
unit admission rates (p=0.005) and experienced complica-
tions such as arrhythmias (p<0.001) and infections (p=0.033).
No mortality was observed during hospitalization.

DISCUSSION

In this study, it was demonstrated that erythrocyte transfu-
sion rates can be reduced by implementing patient blood
management strategies in total hip replacement surgeries
performed by the same experienced surgeon. In Group 2,
the erythrocyte transfusion rate was significantly lower, even
compared to previous studies (1,4,9). During the intraopera-
tive period, 20.3% of patients required transfusions.

A study conducted in Korea on hip arthroplasty patients be-
tween 2007 and 2015 reported a blood transfusion rate of
81.1%, with an average of 4.3 units for total hip arthroplasty
(THR) and 8.7 units for revision hip arthroplasty (RHR) (1). In
this study, 132 (43%) patients who underwent THR did not
require transfusion. Another study comparing blood loss be-
tween THR and revision hip prostheses revealed an average
additional blood loss of 478.9 mL in revision patients (9-12).
In this study, no significant reduction in blood transfusion

| SAP ——— 20102016

2017-2022
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Figure 2. Mean values for systolic arterial pressure, diastolic arterial pressure, heart rate, and peripheric oxygen saturation. SAP: Systol-
ic arterial pressure, DAP: Diastolic arterial pressure, MAP: Mean arterial pressure, HR: Heart rate, SpO,: Peripheral oxygen saturation.
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rates was observed in patients undergoing RHR, likely due to
the small number of RHR surgeries and the longer duration of
these procedures compared to THR surgeries (Table 1).

Preparing patients for surgery, identifying causes of blood
loss during and after the procedure, and developing preven-
tive strategies are critical for all operations, particularly hip
replacement surgeries. Patient blood management strate-
gies, introduced at our hospital in 2017, have contributed to
lower transfusion rates in THR. Similar findings in the litera-
ture confirm that such strategies effectively reduce transfu-
sion rates in hip prostheses. For instance, Frish et al. observed
that every 40-minute increase in operation time elevated the
risk of transfusion in 1,573 patients undergoing hip and knee
arthroplasty (13).

The impact of anesthesia type on transfusion rates remains
inconsistent across studies. While some studies reported
lower transfusion rates with regional anesthesia compared
to general anesthesia, others found reduced intraoperative
but increased postoperative bleeding with epidural anesthe-
sia (14,15). In this study, combined spinal-epidural or epidur-
al and general anesthesia were used, and transfusion rates
were low. Moderate hypotension during THR (Figure 2) was
thought to contribute to reduced blood transfusions, aligning
with reports that epidural anesthesia decreases blood flow,
sympathetic tone, and venous pressure (16). Additionally, the
use of nitrous oxide during general anesthesia may inhibit
erythropoiesis (17).

The higher transfusion rates observed in elderly and female
patients align with findings in other studies (1,3). Higher iron
reserves and preoperative hemoglobin levels in men likely in-
crease their tolerance to intraoperative bleeding. Contrary to
expectations, transfusion rates were higher in patients with
low BMI. A previous study found transfusion rates increased
from 16% to 37% in patients weighing less than 70 kg under-
going hip replacement, likely due to limited physiological re-
serves (18). Brawne et al. also reported that comorbidities,
such as CAD, significantly increase transfusion rates (3). In
this study, only CAD was associated with higher transfusion
rates. No correlations were found between transfusion rates
and conditions such as diabetes mellitus, congestive heart
failure, chronic kidney failure, liver failure, arthritis, or hyper-
tension. No mortality was observed during hospitalization.

Mortality rates post-surgery have been reported in the lit-
erature to increase at intervals such as 90, 120, or 365 days
(19,20). However, meta-analyses found no significant link
between transfusion and mortality (21). In this study, mor-
tality and infection were monitored only during hospitaliza-
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tion. While no mortality occurred, a correlation-though not
statistically significant—was observed between wound in-
fection and transfusion rates. Transfusions may suppress the
immune system, increasing the risk of infections and cancer
recurrence (22,23). Techniques like leukoreduction and saline
washing before transfusion have been proposed to mitigate
these risks (24).

A decrease in intra- and postoperative urine output was not-
ed in patients with high transfusion rates, potentially reflect-
ing acute kidney injury caused by anemia-induced hypovo-
lemia and fluid deficits. The harmful effects of transfusion,
reduced oxygen delivery, and pre-existing kidney disorders
likely contribute to this phenomenon (25).

This study has several limitations. First, it is a retrospective
analysis with a small sample size. Additional limitations in-
clude insufficient data on pre- and post-transfusion hemoglo-
bin levels, unrecorded intraoperative blood loss, lack of re-
admission data, and the inability to track mortality after dis-
charge. A strength of this study is that all surgeries were per-
formed by the same surgeon, minimizing variability related to
skill and experience. Furthermore, pre-discharge hemoglobin
levels and intraoperative hemodynamic data were analyzed.

CONCLUSION

In conclusion, this study demonstrates that patient blood
management strategies can reduce transfusion rates and re-
lated complications in total hip arthroplasty. Advanced age,
female gender, low BMI, and CAD were associated with high-
er transfusion rates.
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