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Abstract
Introduction: Patients undergoing revision total hip sur-
gery (RTHS) have a high prevalence of mild and moderate
preoperative anemia, associated with adverse outcomes.
The aim of this study was to investigate the association of
perioperative allogeneic blood transfusions (ABT) and
postoperative complications in preoperatively mild com-
pared to moderate anemic patients undergoing RTHS who
did not receive a diagnostic anemia workup and treatment
before surgery. Methods: We included 1,765 patients
between 2007 and 2019 at a university hospital. Patients
were categorized according to their severity of anemia
using the WHO criteria of mild, moderate, and severe

anemia in the first Hb level of the case. Patients were
grouped as having received no ABT, 1–2 units of ABT, or
more than 2 units of ABT. Need for intraoperative ABT was
assessed in accordance with institutional standards. Pri-
mary endpoint was the compound incidence of postop-
erative complications. Secondary outcomes included
major/minor complications and length of hospital and
ICU stay. Results: Of the 1,765 patients, 31.0% were
anemic of any cause before surgery. Transfusion rates
were 81% in anemic patients and 41.2% in nonanemic
patients. The adjusted risks for compound postoperative
complication were significantly higher in patients with
moderate anemia (OR 4.88, 95% CI: 1.54–13.15, p = 0.003)
but not for patients with mild anemia (OR 1.93, 95% CI:
0.85–3.94, p < 0.090). Perioperative ABT was associated
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with significantly higher risks for complications in non-
anemic patients and showed an increased risk for com-
plications in all anemic patients. In RTHS, perioperative
ABT as a treatment for moderate preoperative anemia of
any cause was associated with a negative compound
effect on postoperative complications, compared to ane-
mia or ABT alone. Discussion: ABT is associated with
adverse outcomes of patients with moderate preoperative
anemia before RTHS. For this reason, medical treatment of
moderate preoperative anemia may be considered.

© 2023 The Author(s).

Published by S. Karger AG, Basel

Introduction

Rising numbers of primary and revision total hip
surgeries (RTHS) lead to an increased financial burden
on the health care system. Therefore, optimizing care of
this patient population is imperative not only at the
patient level but also on a health care systems level [1].

Preoperative anemia has been reported as an inde-
pendent risk factor for perioperative complications and
increased length of stay (LOS) with a high prevalence of
mild and moderate anemia in RTHS [2]. In primary total
hip surgery, preoperative anemia has also been linked to
increased use of allogeneic blood transfusion (ABT) [3].
In RTHS, the interactions between preoperative anemia
and ABT are less well studied and understood [3]. It
remains unclear whether transfusion-associated immu-
nomodulation (TRIM) may provoke immunosuppres-
sion and proinflammatory effects or if preoperative mod-
erate to severe anemia by itself, which more likely triggers
RBC transfusion, impairs outcome (indication bias) as
reported for patients undergoing orthopedic or other
types of surgery [4–11]. Furthermore, in high-risk car-
diovascular patients undergoing hip fracture surgery, a
liberal transfusion strategy did not show any outcome
improvement [12]. Hence, the discussion about perio-
perative anemia and its treatment with ABT in surgery is
ongoing [7, 13–16]. We hypothesized that perioperative
ABT is associated with adverse outcomes in terms of
postoperative complications in patients with moderate
compared to mild preoperative anemia of any cause
undergoing RTHS.

Materials and Methods

This was a single-center, retrospective cohort study at Charité
University Hospital Berlin, Germany, and adheres to the STROBE
guidelines. After Institutional Review Board approval (EA1/343/
16), data of all patients undergoing RTHS between 2007 and 2019
were consolidated in an anonymized database to investigate the
role of perioperative ABT in anemic patients. Given the nature of

the study, the need for informed patient consent was waived. Data
sources included the hospital information system as well as
electronic anesthesia records.

Patient selection was based on OPS – the German version of
International Classification of Procedures in Medicine
[17] – codes 5-820 (implantation of an endoprosthesis in the
hip joint) and 5-821 (revision, change, and removal of an
endoprosthesis in the hip joint) and presence of International
Classification of Disease (ICD) code T84 indicating related
complications, thereby qualifying the procedure as revision
surgery. ICD codes were used for classification as aseptic
(T84.14) and septic (T84.4-7) revision surgery and for assessing
comorbidities (online suppl. Table S1; for all online suppl.
material, see https://doi.org/10.1159/000530135). If patients
had multiple cases, subsequent cases were excluded. If patients
underwent multiple operations in one case (i.e., hospital stay),
they were excluded from the study. Patients were categorized as
positive or negative for preoperative anemia according to WHO
criteria (hemoglobin [Hb] <13 g.dL−1 for men and Hb <12 g.dL−1
for women) and the severity of preoperative anemia stratified
according to WHO criteria as mild (Hb in women 11.9–11.0 and
12.9–11.0 g.dL−1 in men), moderate (Hb 10.9–8.0 g.dL−1), and
severe (Hb <8.0 g.dL−1) using the first Hb level of a case. Patients
were grouped as having received no perioperative ABT, 1–2 units
of ABT, or more than 2 units of ABT. Every data of transfusion
(type of transfusion, volume, time, bed side test, blood type) was
documented in the patient documentation system due to the
German Transfusion Law. We extracted the data from the patient
documentation systems in collaboration with the Institute of
Medical Informatics, Charité – Universitätsmedizin Berlin.

Need for perioperative ABT was assessed in accordance with
institutional standards [18] based on national guidelines [19],
which were last updated in 2020. Transfusion indications were
mainly aggravation of preexisting preoperative anemia and/or
acute bleeding with clinical signs of anemic hypoxia. A predonated
autologous blood program was not available for our study pop-
ulation. To control for changes in transfusion practices and in
intraoperative techniques – e.g., cell salvage and use of
antifibrinolytics – during the observation period, patients were
divided into an early (2007–2012) and a late (2013–2019) cohort.
Operations were performed by a relatively consistent number of
surgeons with little change in the surgical team over the entire
observation period.

The primary endpoint was the compound incidence of post-
operative complications, drawn from ICD-10 codes (online suppl.
Table S1) including acute coronary syndrome, acute respiratory
failure, acute renal failure, pulmonary embolism, sepsis, cerebro-
vascular incidence, cardiac arrest, deep vein thrombosis, pneumo-
nia, urinary tract infection, wound infection/dehiscence, and
delirium, termed skin failure. Complications were selected based
on published data and further categorized as either major or minor
complications based upon the American College of Surgeons
National Surgical Quality Improvement Program [2, 20]. Secon-
dary endpoints included the incidence of major and minor com-
plications separately, LOS in the hospital, and ICU treatment
greater than 24 h. The 24-h cutoff for ICU treatment was chosen
to exclude care on the hospital’s postoperative care unit. To
differentiate the impact of anemia and transfusion, an interaction
analysis was performed (see Statistical Analysis below).

As our study hypothesis ascribes the increased risk of compound
complications to ABT in patients with different severities of pre-
operative anemia, we were aware of the possibility of transfusions
being the result of complications. Thus, we conducted a sensitivity
analysis for the subgroup of all intraoperatively transfused patients
(online suppl. Table S2).
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Statistical Analysis
Descriptive statistics were performed using R software [21]. A p

value below 0.05 was considered significant. When normal dis-
tribution was ruled out by using the Kolmogorov-Smirnov test,
results are given as median and interquartile range. Qualitative
observations are characterized by frequency and reported with
percentage. For a group comparison, the exact Mann-Whitney U
test was applied. Multiple logistic regression was applied to
characterize the impact of confounders on study endpoints in
anemic versus nonanemic patients. All parameters reported in
patients’ characteristics were included as explanatory variables.

Multiple logistic regression was applied to further investigate
the interaction of anemia and transfusion. First, we added the
product of anemia (i.e., negative or positive) and transfusion
(i.e., no, 1–2 or >2 units) status as an interaction term in the
regression model. When the interaction was statistically significant
(p value <0.05), the individual impact of each anemia and trans-
fusion status combination was assessed by a separate regression
model that contained the interaction as a factor. For dichotomizing
the continuous outcome variable LOS, patients exceeding the
median LOS of the entire study population had been classified
as positive for this study endpoint.

Results

3,123 data points indicating RTHS were identified
during the study period. After exclusion of operations
as shown in Figure 1, 1,765 patients remained for analysis
(shown in Fig. 1).

548 (31.0%) of these patients had preoperative anemia.
279 (15.8%), 260 (14.7%), and 9 (0.5) patients had mild,
moderate, and severe anemia, respectively. During the
study period, no workup of the cause of preoperative
anemia or causal anemia treatment was performed before
surgery. As the number of severely anemic patients was
too small for further analysis, no subgroup analysis of this
patient group was done.

Preoperatively anemic patients were significantly old-
er, more likely to be male and to have an ASA grade
greater than 2. A significantly higher prevalence of all
comorbidities examined that except obesity, COPD and
coronary artery disease were observed. Infection of the
implanted prosthesis was more often the cause for RTHS
in anemic patients (50.0 vs. 19.8%) as opposed to me-
chanical complications. Preoperatively anemic patients
received perioperative ABT at significantly higher rates
(81.0 vs. 41.2%, p < 0.001) (Table 1).

During the study period, a significant decrease of trans-
fusion rates in the overall study population was observed,
but not in the anemic group of patients (shown in Fig. 2).

Preoperatively anemic patients suffered from high-
er rates of compound complications (no anemia 11.3%
vs. mild anemia 24.0%, and moderate anemia 43.5%,
p < 0.001) as well as major (no anemia 6.0% vs. mild
anemia 14.7% and moderate anemia 20.8%, p < 0.001)
and minor (no anemia 7.2% vs. mild anemia 19.0% and
moderate anemia 36.5%, p < 0.001) complications.

Hospital mortality (0.6% for no anemia vs. 1.8% for
mild and 3.1% for moderate anemia, p = 0.005) and rates
of ICU stays exceeding 24 h (no anemia 4.4% vs. mild
anemia 14.3% and moderate anemia 20.8%, p < 0.001)
were higher. Mean LOS in hospital was longer (no anemia
11.1 days vs. mild anemia 13.1 days and moderate anemia
16.0 days, p < 0.001) (Table 2).

The following confounders were significantly associated
with compound complications: surgery between 2013 and
2019 (i.e., second half of study period), age, septic revision,
preoperative anemia of moderate grade, ABT units,
chronic kidney disease, diabetes, and heart failure (shown
in Fig. 3). Furthermore, a significant interaction was found
between severity of preoperative anemia and perioperative
ABT regarding compound complications:

Moderate anemia was significantly associated with an
increased risk of compound complication (OR 4.88, 95%
CI: 1.54–13.15), while mild anemia was not (OR 1.93,
95% CI: 0.85–3.94) (Table 3). In nonanemic patients, a
significant dose-dependent increase in complications was
associated with ABT for the risk of complications with
1–2 units (OR 1.78, 95% CI: 1.08–2.91), and >2 units (OR
6.60, 95% CI: 4.34–10.13) (Table 3).

Comparing risks along the two axes of severity of pre-
operative anemia and number of transfusions showed a clear
pattern of increased risk of compound complications as
primary outcome with either increased severity of anemia or
increased number of perioperative ABT. The combination of
perioperative ABT with mild or moderate preoperative
anemia was associated with a higher risk for the primary
and all secondary outcomes in these patients (Table 3).

While mild anemia without ABT was not associated
with a significantly elevated risk for any complications,
the risk for compound andmajor complications as well as
LOS and ICU care >24 h increased significantly when
ABT was given. The highest risk for compound post-
operative complications (OR 15.81, 95% CI: 10.39–24.41)
and all secondary outcome parameters were observed in
patients with moderate preoperative anemia receiving
more than 2 units of ABT perioperatively (Table 3).

Discussion

The main finding of this analysis is a negative com-
pound effect of preoperative anemia of any cause and
perioperative ABT on the risk of postoperative com-
pound complications in patients undergoing RTHS.
ABT is associated with adverse outcomes in terms of
postoperative complications in patients with moderate
preoperative anemia. While mild anemia by itself was
only associated with an increased rate of ICU care >24 h,
the combination with perioperative ABT resulted in an
increased risk for all outcome parameters. Moderate
anemia and perioperative ABT were independently
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associated with an increased risk in primary and most
secondary outcomes. Combining moderate anemia with
perioperative ABT showed a negative compound effect on
all outcome parameters.

Preoperative anemia and intraoperative ABT have both
been reported in joint surgery as independent risk factors
for morbidity and mortality [22, 23] and are also strongly
associated with one another [3–5, 24]. In revision joint
surgery, preoperative anemia has been identified as the
most important modifiable independent predictor for both
major complications and prolonged hospital stay [2].

The interaction between preoperative anemia and peri-
operative ABT, however, is less well studied. Most research
trying to differentiate the impact of preoperative anemia and
intra- and postoperative transfusion has been conducted in
cardiac surgery, showing a compound effect of intra- and
postoperative transfusions on adverse outcomes in anemic
patients [6, 25], although this association is controversially
debated in the literature [26, 27]. Similar results have been
shown in gynecological surgery with intra- and postoperative

ABT increasing the effect of preoperative anemia on mortal-
ity and morbidity [8]. A study in orthopedic patients under-
going primary hip, knee, and spine surgery identified peri-
operative ABT as a significant risk factor for mortality in
nonanemic, but not in anemic patients [9]. In contrast to our
study, patients in this study were younger, had a lower rate of
comorbidities, andwere less anemic and revision surgerywas
not investigated [9]. In contrast, another study in cardiac
surgery patients [26] and a systematic review article could
not confirm a significant connection between perioperative
ABT and elevatedmortality [27].This study looks specifically
at patients undergoingRTHSwhodisplay a high incidence of
preoperative anemia and ABT as compared to primary hip
arthroplasty surgeries [3, 5, 28]. While the amount of ABT
units in our study was in line with the amount of 1–3 red
blood cell units in the majority of patients undergoing RTHS
in earlier and recent studies [3, 29], a higher rate of post-
operative complications in transfused anemic patients has
been shown in studies in noncardiac surgery [30]. Our
findings align with these results. The significantly higher

Fig. 1. CONSORT diagram of study.
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rate of ICU stays >24 h and the increased LOS in hospital
may be attributed to the increased postoperativemorbidity as
explained by the higher complication rates of most trans-
fused anemic patients in our study.

A prolonged LOS – as shown in our data – was
described for preoperatively anemic patients in previous
studies involving revision joint [2] and other noncardiac
surgery [22, 30, 31]. While these studies did not report
results on ICU stay, it is probable that increased rates of
postoperative complications in anemic patients would
result in a higher rate of ICU admissions.

Perioperative ABT during hospital stay has been re-
ported by Saleh et al. [5] to be associated with prolonged
hospital stay in primary hip replacement [5], but in RTHS,
only the study by Mahadevan et al. [32] found a significant
association of intra- and postoperative ABTwith prolonged
LOS in hospital. In contrast to our study, the patients in this
study were not stratified by the presence of preoperative
anemia; thus, the results may be confounded by preoper-
ative anemia. However, our data support their findings in a
bigger patient sample and may further indicate that peri-
operative ABT is not necessarily associated with reduced
LOS in hospital in preoperatively anemic patients.

The strongest confounder for compound complication
observed in this study was moderate anemia. This is in line
with earlier studies [2–4] and, most probably, is the result
of a multifactorial genesis including anemia as a marker of

a higher comorbidity level, as well as anemia itself, poten-
tially leading to higher intraoperative blood loss [3] and
ABT requirements [5, 32]. Therefore, it can be questioned
that ABT alone altered postoperative complication. Mod-
erate anemia may represent an indication bias which more
likely affects outcome than ABT-related TRIM [10, 11].
Due to missing prospective randomized data investigating
TRIM as primary outcome, there is no consistent evidence
to account ABT by itself for impaired postoperative out-
come in patients with preoperative anemia [33].

Over the 13-year study period, upcoming PBM strategies
have shifted clinical practice to a more restrictive approach
toward ABT [34]. Our finding of a significant decrease in
perioperative ABT reflects this shift. However, we did not
find this decrease in the rate of preoperatively anemic
patients of any cause and the severity of anemia. Therefore,
it might be hypothesized that preoperative treatment of the
underlying causes of anemia may reduce the incidence of
ABT and the associated potentially harmful effects.

Limitations

We do acknowledge several limitations of our study.
The results depend on the hospital’s ICD coding system for
comorbidities and complications. The accuracy of these
data is dependent on coding accuracy, which is, however,

Table 1. Demographics, comorbidities, and transfusion status of study population

Variables All patients Patients without
preoperative anemia

Patients with
mild anemia

Patients with
moderate anemia

Patients with
severe anemia

p
value

[N = 1,765] N = 1,217 N = 279 N = 260 N = 9

Age, years 71.0
[61.0–77.0]

69.0 [59.0–76.0] 72.0 [64.0–79.0] 74.5 [66.0–79.0] 75.0 [41.0–76.0] <0.001

Sex (female) 1,097
(62.2%)

792 (65.1%) 123 (44.1%) 176 (67.7%) 6 (66.7%) <0.001

ASA grade >2 652 (39.3%) 358 (31.4%) 132 (50.0%) 156 (63.2%) 6 (75.0%) <0.001
Septic revision 515 (29.2%) 241 (19.8%) 123 (44.1%) 145 (55.8%) 6 (66.7%) <0.001
Diabetes mellitus
(IDDM and NIDDM)

314 (17.8%) 174 (14.3%) 64 (22.9%) 75 (28.8%) 1 (11.1%) <0.001

Obesity (BMI >30) 207 (11.7%) 132 (10.8%) 31 (11.1%) 42 (16.2%) 2 (22.2%) 0.062
Hypertension 1,085

(61.5%)
713 (58.6%) 178 (63.8%) 190 (73.1%) 4 (44.4%) <0.001

Heart failure 173 (9.8%) 90 (7.4%) 46 (16.5%) 36 (13.8%) 1 (11.1%) <0.001
COPD 76 (4.3%) 44 (3.6%) 20 (7.2%) 12 (4.6%) 0 (0.0%) 0.078
Coronary artery
disease

206 (11.7%) 131 (10.8%) 44 (15.8%) 29 (11.2%) 2 (22.2%) 0.070

Chronic kidney disease 221 (12.5%) 101 (8.3%) 59 (21.1%) 59 (22.7%) 2 (22.2%) <0.001
Patients receiving ABT 946 (53.6%) 502 (41.2%) 197 (70.6%) 239 (91.9%) 8 (88.9%) <0.001
ABT, units 1.00

[0.00–3.00]
0.00 [0.00–2.00] 2.00 [0.00–4.00] 4.00 [2.00–6.00] 5.00 [4.00–6.00] <0.001

Values are number (proportion) or median (IQR [range]). ASA, American Society of Anesthesiologists; IDDM, insulin-dependent
diabetes mellitus; NIDDM, noninsulin dependent diabetes mellitus; BMI, body mass index; COPD, chronic obstructive pulmonary
disease; ABT, allogeneic blood transfusion; IQR, interquartile range.

Transfusion of Anemic Patients in Hip
Revision

Transfus Med Hemother
DOI: 10.1159/000530135

5

https://doi.org/10.1159/000530135


done by dedicated and trained administrative staff follow-
ing national coding guidelines making systematic errors
less likely. We identified underreporting of complications
as a potential concern, and contrary to our expectations,
we did observe an increase in compound complications in
the second half of the study period, which might be
attributed to increased patient age resulting in a higher
burden of disease. Interestingly, the LOS decreased at the
same time which might indicate stricter coding and dis-
charge practices in the second half of the study period.

To control for the possibility of transfusions being the
result of prior complications, we performed a subgroup
analysis with patients who received intraoperative ABT,
which showed similar results to the whole study population
(online suppl. Table S2). However, due to the retrospective
nature of the study, this association cannot strictly be ruled
out. There is also no information on the exact indication for
transfusion (e.g., “transfusion threshold”) nor did the data-
base contain intraoperative data (e.g., use of cell salvage),
which has been shown to reduce the need for ABT in
revision joint surgery [3]. As the focus of the study was the
interaction of preoperative anemia and ABT and their
impact on outcome of RTHS patients, we did not investigate

the association between intraoperative complications and
patient outcome nor did we analyze the reasons for pro-
longed ICU which may have been related to intraoperative
complications or preoperative anemia and should be con-
sidered in future research. Furthermore, a separate evalua-
tion of patients with revision total hip surgery for mechan-
ical reasons or infections would be important to know and
should be considered in future research. Nevertheless, the
time from the first surgical procedure to the revision surgery
as well as perioperative bleeding complications and volume
of blood loss might be interesting as well. Our investigation
cannot rule out that there might be a difference in outcome
when preop nonanemic patients have bled acutely intra-
operatively with consecutive anemia and transfusion com-
pared to preoperative anemic patients with or without
intraoperative bleeding or transfusion.

To improve comparability, we adopted an approach
similar to the American College of Surgeons National
Surgical Quality Improvement Program to stratify major
and minor complications. Not all necessary data for
certain categories according to the program’s guidelines
were available. Our stratification is thus derived from, but
not an exact match of, the program’s stratification.

Table 2. Postoperative complications of the study population

Variables All patients Patients without
preoperative anemia

Patients with
mild anemia

Patients with
moderate anemia

Patients with
severe anemia

p
value

[N = 1,765] [N = 1,217] [N = 279] [N = 260] [N = 9]

Compound
complications

320 (18.1%) 137 (11.3%) 67 (24.0%) 113 (43.5%) 3 (33.3%) <0.001

Major complicationsa 168 (9.5%) 73 (6.0%) 41 (14.7%) 54 (20.8%) 0 (0.0%) <0.001
ACS 15 (0.9%) 11 (0.9%) 2 (0.7%) 2 (0.8%) 0 (0.0%) 1,000
Acute respiratory
failure

115 (6.5%) 51 (4.2%) 26 (9.3%) 38 (14.6%) 0 (0.0%) <0.001

Acute kidney failure 46 (2.6%) 13 (1.1%) 10 (3.6%) 23 (8.9%) 0 (0.0%) <0.001
PE 3 (0.2%) 2 (0.2%) 0 (0.0%) 1 (0.4%) 0 (0.0%) 0.447
Sepsis 33 (1.9%) 13 (1.1%) 10 (3.6%) 10 (3.9%) 0 (0.0%) 0.003
Cerebrovascular
incident

5 (0.3%) 2 (0.2%) 0 (0.0%) 3 (1.2%) 0 (0.0%) 0.073

Cardiac arrest 12 (0.7%) 5 (0.4%) 5 (1.8%) 2 (0.8%) 0 (0.0%) 0.079
Minor complicationsa 238 (13.5%) 87 (7.2%) 53 (19.0%) 95 (36.5%) 3 (33.3%) <0.001

DVT 7 (0.4%) 4 (0.3%) 2 (0.7%) 1 (0.4%) 0 (0.0%) 0.617
Pneumonia 36 (2.0%) 12 (1.0%) 4 (1.4%) 19 (7.3%) 1 (11.1%) <0.001
UTI 34 (1.9%) 14 (1.2%) 8 (2.9%) 11 (4.2%) 1 (11.1%) 0.001
Wound dehiscence/
infection

37 (2.1%) 9 (0.7%) 11 (3.9%) 17 (6.5%) 0 (0.0%) <0.001

Delirium 81 (4.6%) 26 (2.1%) 21 (7.5%) 34 (13.1%) 0 (0.0%) <0.001
Pressure ulcer 115 (6.5%) 37 (3.0%) 21 (7.5%) 55 (21.2%) 2 (22.2%) <0.001
Death 20 (1.1%) 7 (0.6%) 5 (1.8%) 8 (3.1%) 0 (0.0%) 0.005

LOS (days) 12.0
[9.79–15.2]

11.1 [9.10–14.1] 13.1 [10.1–17.1] 16.0 [12.0–24.0] 16.6 [15.0–22.7] <0.001

Number of patients on
ICU >24 h

148 (8.4%) 53 (4.4%) 40 (14.3%) 54 (20.8%) 1 (11.1%) <0.001

Values are number (proportion) or median (IQR [range]). ACS, acute coronary syndrome; PE, pulmonary embolism; DVT, deep
vein thrombosis; UTI, urinary tract infection; ICU, intensive care unit; IQR, interquartile range. aDefined as one of the following.
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a

b

Fig. 2. a, b Transfusion status in the study cohort grouped for each year. a Transfusion status of all patients in the
study cohort grouped for each year. b Transfusion status of preoperative anemic patients in the study cohort
grouped for each year. y-axis: proportion of patients; x-axis: year; and figure key: number of red blood cell units
(RBC) transfused.
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Strengths of our study include stratification according
to the severity of anemia, a homogeneous cohort of
patients, and inclusion of mechanical and infectious
causes for revision, thus reflecting a realistic patient
sample with a prevalence of anemia consistent with the
previous literature [3].

Conclusions

Moderate preoperative anemia of any cause as well as
ABTwas independently associated with impaired outcomes

after RTHS. A combination of preoperative anemia and
ABT showed a negative compound effect. Furthermore, our
study shows that overall transfusion rates declined over
time, but this was not the case in anemic patients, who
continued to be exposed to a high rate of ABT.

Our results support the hypothesis that preoperative
treatment of the cause of moderate anemia may improve
complication rates and other outcomes after RTHS as
stipulated in guidelines [35] and promoted by PBM
programs [36, 37]. Nevertheless, future prospective
randomized trials of preoperative anemia treatment are
required to test this hypothesis.

Fig. 3. Confounders for compound complications.

Table 3. Interaction analysis quantifying the association of preoperative anemia and perioperative allogeneic blood transfusion on
primary and secondary outcomes

Compound
complications

Major
complications

Minor complications LOS (days) ICU care >24 h

No anemia +
1–2 ABT

1.78 (1.08–2.91),
p = 0.021

2.30 (1.12–4.68),
p = 0.021

1.51 (0.80–2.77),
p = 0.188

2.44 (1.84–3.24),
p < 0.001

6.29 (2.31–19.92),
p = 0.001

No anemia
+ >2 ABT

6.60 (4.34–10.13),
p < 0.001

9.46 (5.34–17.46),
p < 0.001

5.45 (3.31–9.09),
p < 0.001

6.25 (4.48–8.80),
p < 0.001

27.93 (11.82–92.19),
p < 0.001

Mild anemia +
No ABT

1.93 (0.85–3.94),
p < 0.090

2.67 (0.86–6.96),
p = 0.061

2.21 (0.87–4.95),
p = 0.062

1.51 (0.93–2.41),
p = 0.088

7.28 (1.77–28.07),
p = 0.004

Mild anemia +
1–2 ABT

2.76 (1.34–5.33),
p = 0.004

3.94 (1.48–9.45),
p = 0.003

2.27 (0.89–5.09),
p = 0.062

2.03 (1.27–3.24),
p = 0.003

11.51 (3.39–40.82),
p < 0.001

Mild Anemia +
>2 ABT

10.13 (6.26–16.46),
p < 0.001

13.53 (7.22–26.10),
p < 0.001

11.83 (6.96–20.34),
p < 0.001

9.63 (6.04–15.95),
p < 0.001

48.97 (20.13–146.62),
p < 0.001

Moderate anemia
+ No ABT

4.88 (1.54–13.15),
p = 0.003

0.00a (0.00–0.00) 7.39 (2.29–20.39),
p < 0.001

1.77 (0.71–4.24),
p = 0.204

0.00a (0.00–0.00)

Moderate anemia
+ 1–2 ABT

6.91 (3.66–12.76),
p < 0.001

5.23 (1.95–12.68),
p < 0.001

8.23 (4.10–16.10),
p < 0.001

3.49 (2.06–6.00),
p < 0.001

9.79 (2.37–37.99),
p = 0.001

Moderate anemia
+ >2 ABT

15.81 (10.39–24.41),
p < 0.001

14.84 (8.42–27.35),
p < 0.001

16.99 (10.66–27.74),
p < 0.001

13.09 (8.57–20.71),
p < 0.001

55.91 (24.01–163.22),
p < 0.001

Numbers are given as odds ratio with a 95% confidence interval and p-value, with no anemia and no ABT as the reference. ABT
numbers are given for units. ABT, allogeneic blood transfusion. aNo patient in this category.
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