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Background: The shape of the association between preoperative hemoglobin level
and outcomes after primary arthroplasty has not been adequately described. This
study aimed to characterize the association between preoperative hemoglobin level
and important outcomes after primary hip and knee arthroplasty and how this associa-
tion is influenced by other key confounders.

Methods: Using de-identified, population-based health administrative data for
Ontario housed at ICES, we identified all primary hip and knee arthroplasty pro-
cedures performed in Ontario between April 2007 and March 2017. Preoperative
hemoglobin level, age, sex, Charlson Comorbidity Index score, American Society of
Anesthesiologists score, preadmission living status, Hospital-patient One-year
Mortality Risk (HOMR) score, and serum sodium and creatinine levels were
extracted. All relevant postoperative outcomes that could be measured accurately
were identified. We performed multivariable logistic regression and restricted cubic
splines analyses.

Results: A total of 188176 patients clustered within 532 surgeons were studied.
The adjusted likelihood of transfusion increased notably and progressively when
the preoperative hemoglobin level was below 135 g/L; duration of surgery, patient
age and HOMR score amplified this association. Risk of postoperative admission
to critical care showed a linear association with preoperative hemoglobin level.
Risks of unplanned 30-day emergency department visit, 30-day readmission and
1-year all-cause mortality showed curvilinear associations with baseline hemo-
globin level, with risks being notably greater as the level deviated from 137 g/L to
141 /L.

Conclusion: Preoperative hemoglobin levels, both high and low, were independ-
ently significantly associated with primary arthroplasty outcomes, and levels at which
outcome risks started to increase exceeded threshold values commonly used to define
“normal.” Preoperative hemoglobin level should be considered in future bundled
payment models that aim to account for case-mix when grading postarthroplasty
outcomes.

Contexte : La forme que prend le lien entre le taux d’hémoglobine préopératoire et
Pissue de I'arthroplastie primaire n’a pas été adéquatement décrite. Cette étude visait a
caractériser le lien entre les taux d’hémoglobine préopératoires et certains paramétres
importants aprés I'arthroplastie primaire de la hanche et du genou, et a analyser
P'influence de certains facteurs de confusion clés sur ce lien.

Méthodes : A partir de données administratives anonymisées sur la santé des popula-
tions en Ontario hébergées par 'ICES, nous avons recensé toutes les interventions
pour arthroplastie primaire de la hanche et du genou effectuées en Ontario entre avril
2007 et mars 2017. Nous en avons extrait les taux d’hémoglobine préopératoires,
l'age, le sexe, 'indice de comorbidité de Charlson, le score de ’American Society of
Anesthesiologists, la situation de vie préadmission, le score HOMR (Hospital-patient
One-Year Mortality Risk) et les taux sériques de sodium et de créatinine. Nous avons
identifié tous les paramétres postopératoires pertinents qu’il était possible de mesurer
avec précision. Nous avons procédé a des analyses de régression logistique multi-
variées et au calcul des splines cubiques restreintes.

Résultats : En tout, nous avons étudié 188176 patients répartis entre 532 chirur-
giens. La probabilité ajustée de transfusion augmentait nettement et progressivement
lorsque les taux d’hémoglobine préopératoires étaient inférieurs a 135 g/L; la durée de
la chirurgie, I’dge du patient et le score HOMR ont amplifié ce lien. Le risque
d’admission dans une unité de soins intensifs aprés la chirurgie a été en lien linéaire
avec les taux d’hémoglobine préopératoires. Les risques de consultation imprévue aux
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urgences dans les 30 jours, la réhospitalisation dans les 30 jours et la mortalité de
toute cause a 1 an ont montré des liens curvilinéaires avec les taux d’hémoglobine au
départ, les risques étant sensiblement plus élevés lorsque les taux s’éloignaient des

valeurs de 137 g/L a 141 g/L.

Conclusion : Les taux d’hémoglobine préopératoires élevés et bas ont été indépen-
damment en lien significatif avec certains parameétres post-arthroplastie primaire, et
les taux a partir desquels le risque de survenue des paramétres mesurés commengait a
augmenter excédaient les valeurs seuils communément considérées normales. Au
moment d’évaluer les parameétres post-arthroplastie, les taux d’hémoglobine pré-
opératoires doivent entrer en ligne de compte dans les futurs modeles d’évaluation
monétaire groupée qui visent a représenter les cas traités.

ates of primary hip and knee arthroplasty are

increasing continually; more than 1.4 million pri-

mary joint replacement operations were performed
in North America in 2019 alone."” Although advancement
in the performance of these procedures has occurred,’ the
incidence of peroperative complications remains conse-
quential, varying between 6% and 19%.%° Preoperative
patient optimization may improve the body’s “reserve” and
ability to recover after surgery.

Hemoglobin level is a modifiable preoperative factor
that is immediately relevant to arthroplasty. Preoperative
anemia is relatively common, with a documented preva-
lence of 21%-35% that has remained unchanged over the
years.%” Furthermore, arthroplasty is associated with con-
siderable blood loss, even with contemporary preventive
measures in place.®1? As a result, more than 90% of
patients are anemic after arthroplasty.!*!*

Anemia before arthroplasty has been associated with
increased transfusion risk,'!>!¢ morbidity, mortality and
length of stay.**'"-2¢ However, these associations have
been analyzed almost exclusively after categorization of
preoperative hemoglobin levels (i.e., grouping patients
with or without anemia, however defined). Categoriza-
tion of continuous variables decreases the power of analy-
ses to identify associations substantially and leads to
information loss.”’

In addition, the shape of the association between preop-
erative hemoglobin level and outcomes has not been ade-
quately described. For example, it is unclear whether
supranormal hemoglobin levels (i.e., polycythemia) are
protective (as they could reduce transfusion risk) or a
potential risk factor (owing to a possibly increased risk of
venous thromboembolism). Therefore, analyzing the con-
tinuous, but possibly nonlinear, association of preoperative
hemoglobin level with outcomes could help to identify
levels at which outcome risks threaten the procedure’s util-
ity, as well as identify patients in need of hematologic opti-
mization. Furthermore, to our knowledge, the influence of
other factors on the association between preoperative
hemoglobin level and outcome has not been examined to
any substantial degree.

The aims of this population-based study were to charac-
terize the association between hemoglobin level and a
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number of outcomes — red cell transfusion, postoperative
admission to a critical care unit, unplanned 30-day emer-
gency department visit, unplanned 30-day hospital read-
mission and 1-yr all-cause mortality — after primary
arthroplasty and describe the characteristics of the associa-
tion; and test for any interactions of this association with
other key confounders influencing outcome.

METHODS
Study design and data sources

"This was a retrospective cohort study using de-identified,
population-based health administrative data for Ontario,
Canada, housed at ICES, a publicly funded, independent
research organization. The following data sets were
linked deterministically by means of encrypted patient
health card numbers in order to obtain the information
necessary for this study: Discharge Abstract Database,
Ontario Laboratory Information System (OLIS), Regis-
tered Persons Database, National Ambulatory Care
Reporting System, Ontario Health Insurance Plan and
Continuing Care Reporting System (Appendix 1, avail-
able at www.canjsurg.ca/lookup/doi/10.1503/cjs.020720/
tab-related-content). The study was approved by ICES
and was legally exempt from research ethics board review
owing to the de-identified nature of the data.

Study cohort

We searched the Discharge Abstract Database from
Apr. 1, 2007, to Mar. 31, 2017, to identify all elective
admissions with total hip arthroplasty (Canadian Classifi-
cation of Health Intervention codes 1VA5S3LAPN and
1VA53PNPN), including resurfacing arthroplasty, and
total knee arthroplasty (Canadian Classification of Health
Intervention codes starting with 1VG53) as the primary
procedure. We linked to OLIS to identify all hemoglobin
tests conducted in these patients; patients with no hemo-
globin measured in the year before arthroplasty were
excluded. To ensure that the unit of analysis was the
patient, we limited inclusion to the first procedure meet-
ing the inclusion criteria during the study period for



individual patients and excluded patients who had under-
gone arthroplasty in the 6 months before their index pro-
cedure. We included the latter exclusion criterion since
recent surgery is associated with anemia'>!* and leads to
selection bias.

Hemoglobin level

We identified all hemoglobin measures for each patient in
the year before his or her operation from OLIS. We
recorded the final preoperative hemoglobin level and the
number of days before the operation that it was measured.

Outcomes

We identified all relevant postoperative outcomes that we
could measure accurately using our data;*® we did not pri-
oritize these outcomes (i.e., none was nominally chosen as
the “primary outcome”). In-hospital outcomes included
transfusion of packed red cells and transfer to a critical care
unit. Postdischarge outcomes included unplanned emer-
gency department visits and hospital readmissions within
30 days of discharge from hospital, and death from any
cause within 1 year of surgery. We chose the 30-day period
since this is typical of the literature on readmission.'® We
identified all outcomes before analyzing the data.

Covariables

We determined patient age, sex, year of surgery, Charlson
Comorbidity Index score?’ (using a 1-year look-back
period with comorbidity coding criteria from Quan and
colleagues® and score weights from Schneeweiss and col-
leagues®!), number of hospital admissions in the previous
year and procedure factors (laterality, anesthetic technique
and operation duration) from the Discharge Abstract
Database. We retrieved each patient’s serum sodium and
creatinine levels closest in time to his or her operation
from OLIS because a significant association between
hyponatremia’*~*7 and decreased renal function®® and mor-
tality has been described. We determined the American
Society of Anesthesiologists Physical Status score from
Ontario Health Insurance Plan data.’? We determined
preadmission living status (independent, inpatient
rehabilitation, home care, nursing home [i.e., long-term
care institution] or chronic care hospital [i.e., complex
continuing care]) from the Continuing Care Reporting
System. We determined death risk using the Hospital-
patient One-year Mortality Risk (HOMR) score. This
model combines values for 12 covariables regarding
patient demographic characteristics, health burden and
acuity of illness to create a score that is highly discrimina-
tive (C-statistic 0.89) and well calibrated for 1-year all-
cause death risk.* It has been validated externally with
administrative data* and primary data.*
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Statistical analysis

We used SAS 9.4 (SAS Institute) for all analyses. We used
multivariable logistic regression accounting for the cluster-
ing of patients within surgeon to model the independent
association of each covariable with each outcome (PROC
GLIMMIX). In this generalized linear mixed model, the
surgeon was treated as the random-effects term, and all
other factors were treated as fixed effects. We reasoned
that several of the outcomes — notably receipt of transfu-
sion and critical care use — might be strongly dependent
on surgeon-specific practice patterns; as such, accounting
for these issues by clustering patients within surgeon could
explain much variation in the data.

Before analyzing the data, we specified all covariables to
be included in the models; no post hoc or variable selection
based on inferential testing was used. All continuous vari-
ables were centred before modelling. Those included age,
sex, HOMR score, sodium level, baseline estimated glo-
merular filtration rate, type of procedure (hip or knee),
American Society of Anesthesiologists score, type of anes-
thetic (spinal, general, combined or other), laterality (uni-
lateral or bilateral) of procedure and duration of surgery.
For patients with missing sodium or serum creatinine
levels, we imputed median values of the cohort, since this
returns results that are less biased than if normal values are
used for simple imputation.¥ We converted serum creati-
nine values to a baseline estimated glomerular filtration
rate using the CKD-EPI (Chronic Kidney Disease Epide-
miology Collaboration) equation.* We used restricted
cubic splines to model the independent association of all
continuous variables (including their interactions) with
each outcome using 5 knots for all variables except those
with restricted distributions, including sodium (3 knots)
and the interaction between hemoglobin with arthroplasty
type (3 knots) and with patient sex (2 knots). We used
restricted cubic splines because the main effect estimate is
continuous and we wanted to identify any potential non-
linear relations present.

REsuLTS

We identified 364 480 elective hospital admissions
between Apr. 1, 2007, and Mar. 31, 2017, in which total
hip or knee arthroplasty was coded as the primary pro-
cedure. Of the 364 480 patients, 131932 were excluded
because no preoperative hemoglobin value had been regis-
tered in OLIS, 43004 were excluded because the patient
was already included in the study, and 1368 were excluded
because they had undergone arthroplasty within the previ-
ous 6 months. The remaining 188 176 patients, clustered
within 532 surgeons (median number of patients per sur-
geon 176.5, interquartile range 2.5-616), formed the
study’s cohort. The proportion of arthroplasty procedures
excluded because of lack of a hemoglobin value in OLIS
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varied substantially over time owing to temporal changes
in OLIS coverage (77.3% in 2008 v. 8.8% in 2016).

The cohort basic demographic characteristics are pre-
sented in Table 1. Almost two-thirds of operations
(120 273 [63.9%]) were knee arthroplasty procedures.

Patients were upper-middle-aged (mean age 67.8 yr [stan-
dard deviation 10.2 yr]) and predominantly female
(112 009 [59.5%]). The mean hemoglobin level was
136.2 g/L (standard deviation 14.2 g/L). Most patients
(96 228 [51.1%]) had their preoperative hemoglobin level

E28

Table 1. Characteristics of patients who underwent primary hip or knee arthroplasty in Ontario, Apr. 1, 2007,

to Mar. 31, 2017

No. (%) of patients*
Total Hip arthroplasty Knee arthroplasty

Characteristic n=188176 n=67903 n=120273
Demographic
Age, mean + SD, yr 67.8+10.2 676115 679+94
Female sex 112 009 (59.5) 37 575 (55.3) 74 434 (61.9)
Charlson Comorbidity Index score > 0 44 613 (23.7) 14 455 (21.3) 30 158 (25.1)
> 1 admissions in previous year 5881 (3.1) 2931 (4.3) 2950 (2.4)
Preadmission living status

Independent 154 364 (82.0) 52 725 (77.6) 101 639 (84.5)

Inpatient rehabilitation 58 (0.0) 46 (0.1) 12 (0.0)

Home care 32766 (17.4) 14 587 (21.5) 18179 (15.1)

Nursing home 933 (0.5) 505 (0.7) 428 (0.4)

Chronic care hospital 55 (0.0) 40 (0.1) 15 (0.0)
Risk factors
HOMR score, median (IQR) 17 (14-21) 21 (18-24) 15 (13-18)
1-yr expected death risk > 0.2% 48 979 (26.0) 34 645 (51.0) 14 334 (11.9)
No. of hemoglobin measures in previous year, 2 (1-3) 2 (1-3) 2 (1-3)
median (IQR)
Most recent hemoglobin level, mean + SD, g/L 136.2 + 14.2 136.2 + 15.0 136.1 + 13.7
Days from most recent hemoglobin measure to 30 (14-127) 30 (14-129) 29 (14-126)
surgery, median (IQR)
Sodium level, mean £ SD, mmol/L 139.9+26 139926 140.0 + 2.6
Sodium level not measured 25774 (13.7) 9901 (14.6) 15873 (13.2)
Creatinine level, mean + SD, umol/L 779+ 274 78.4 +£ 295 77.7 £26.2
Creatinine level not measured 10067 (5.3) 3873 (5.7) 6194 (5.1)
ASA score

1-2 63 566 (33.8) 24 779 (36.5) 38787 (32.2)

3 109 721 (568.3) 37 673 (55.5) 72 048 (59.9)

4 14858 (7.9) 5432 (8.0) 9426 (7.8)

5 31(0.0) 19(0.0) 12 (0.0
Operation
Laterality

Left 87 125 (46.3) 30 900 (45.5) 56 225 (46.7)

Right 97 742 (51.9) 36 778 (54.2) 60 964 (50.7)

Bilateral/unspecified 3309 (1.7) 225(0.3) 3084 (2.6)
Anesthetic technique

Spinal 148942 (79.2) 52 599 (77.5) 96 343 (80.1)

General 31271 (16.6) 12 525 (18.4) 18 746 (15.6)

Combined 5445 (2.9) 1931 (2.8) 3514 (2.9)

Other 2518 (1.3) 848 (1.2) 1670 (1.4)
Length of operation, median (IQR), h 2(2-2) 2(2-2) 2(1-2)
Length of stay, median (IQR), d 3 (3-4) 3(3-4) 3(3-4)
Outcomes
Red cell transfusion 6405 (3.4) 2739 (4.0) 3666 (3.0)
Death in hospital 245 (0.1) 114.(0.2) 131 (0.1)
Postoperative critical care 5035 (2.7) 1997 (2.9) 3038 (2.5)
Unplanned 30-d emergency department visit 26 975 (14.3) 8773 (12.9) 18202 (15.1)
Unplanned 30-d hospital readmission 5576 (3.0) 2157 (3.2) 3419 (2.8)
Death within 1 yr 2035 (1.1) 987 (1.5) 1048 (0.9)
ASA = American Society of Anesthesiologists; HOMR = Hospital-patient One-year Mortality Risk; IQR = interquartile range; SD = standard deviation.
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measured within a month of undergoing primary arthro-
plasty. Spinal anesthesia was the most common anesthetic
technique (148 942 procedures [79.2%]). Operations lasted
a median of 1.75 hours, and patients remained in hospital a
median of 3 days. Death in hospital was rare (245 patients
[0.1%]); the risk was significantly higher with hip arthro-
plasty (114/67 903 [0.2%]) than with knee arthroplasty
(1317120 273 [0.1%]) (x* = 11.6, p < 0.001).

The findings of the logistic regression models, includ-
ing the performance of the model, are summarized in
Table 2. After adjustment for all other covariates in the

RESEARCH

model, there was no independent association of year and
type of anesthesia with outcome for any of the variables. A
more detailed presentation of the performance is provided
in Appendix 1.

Outcomes

Red cell transfusion

The adjusted likelihood of transfusion was strongly associ-
ated with preoperative hemoglobin level, increasing notably
and progressively when the level fell below 135 g/L

Table 2. Summary of logistic regression models for all outcomes*

Outcome

Postoperative critical

Unplanned 30-d

emergency department  Unplanned 30-d hospital

Variable Red cell transfusion care visit readmission 1-yr all-cause mortality
Type Ill p value for splined variables

Age 0.0 0.0 0.0 0.0 0.0

HOMR score 0.0 0.0 0.0 0.0 0.0

Sodium level < 0.001 0.9 0.04 < 0.001 < 0.001

eGFR 0.02 0.001 0.03 0.0 0.0

Duration of surgery 0.0 0.0 0.0 0.0 0.6

Hemoglobin level 0.0 0.0 0.004 < 0.001 0.0

x Age 0.004 0.001 0.08 0.09 0.1

x HOMR score < 0.001 0.0 0.2 0.7 0.6

x Sodium level 0.02 0.6 0.2 0.3 0.05

x eGFR 0.4 0.9 0.2 0.4 0.09

x Duration of surgery 0.0 < 0.001 0.1 0.03 1.0

x Sex 0.02 0.2 0.3 0.7 0.05

x Knee 0.06 0.0 0.04 0.4 0.2

Adjusted OR (95% ClI) for nonsplined variables

Knee 0.75 (0.68-0.84) 2.51(2.26-2.78) 1.51 (1.44-1.59) 1.23(1.11-1.35) 1.43(1.21-1.70)
Female sex 1.20 (1.11-1.30) 0.82 (0.76-0.87) 0.87 (0.85-0.90) 0.81 (0.76-0.86) 0.69 (0.62-0.77)
ASA score
1-2 Ref Ref Ref Ref Ref
3 1.03 (0.97-1.10) 2.23(2.04-2.43) 1.13(1.10-1.16) 1.42 (1.33-1.52) 1.76 (1.63-2.02)
4-5 1.17 (1.05-1.30) 5.44 (4.91-6.04) 1.22(1.16-1.28) 1.88(1.71-2.08) 3.37 (2.86-3.96)
Year 0.96 (0.87-1.06) 0.92 (0.84-1.02) 1.00 (0.95-1.04) 1.05 (0.96-1.15) 1.04 (0.89-1.21)
Bilateral 3.16 (2.67-3.73) 1.80 (1.43-2.27) 0.65 (0.57-0.73) 0.84 (0.66-1.06) 0.94 (0.57-1.55)
Anesthetic technique
Spinal Ref Ref Ref Ref Ref
General 1.01 (0.94-1.08) 1.03(0.96-1.11) 0.98 (0.94-1.01) 1.10(1.02-1.18) 1.04 (0.93-1.17)
Combined 1.08 (0.92-1.28) 0.85(0.71-1.02) 0.99 (0.92-1.07) 1.17 (1.00-1.36) 0.82 (0.61-1.09)
Other 1.19 (0.98-1.46) 0.86 (0.67-1.11) 0.96 (0.85-1.07) 0.94 (0.74-1.19) 0.82 (0.55-1.22)
Model performance
Nagelkerke R? statistic, A41.4 14.1 1.6 4.8 16.4
% T
C-statistict 0.939 0.790 0.575 0.674 0.814
Hosmer—Lemeshow 0.0 0.0 0.05 0.3 0.8

pvalues

ASA = American Society of Anesthesiologists; Cl = confidence interval; eGFR = estimated glomerular filtration rate; HOMR = Hospital-patient One-year Mortality Risk; OR = odds ratio;

Ref = reference.

*All continuous variables and their interactions were expressed in the models with the use of natural cubic splines. Therefore, parameter estimates (n = 4 for each variable except sodium
level) are not presented, replaced instead by the p value of each variable’s independent association with the outcome. For categoric variables, adjusted OR with 95% Cl is presented.
TNagelkerke A? statistic (range 0%—100%) provides the proportion of all variation in data explained by the model.
+C-statistic (range 0-1) measures the model’s ability to discriminate between patients with and without the outcome.

§Hosmer-Lemeshow p value (range 0-1) presents the probability that the observed outcome likelihood deviates significantly from that predicted by the model.
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(Figure 1). Factors exaggerating this association included
duration of surgery, patient age and HOMR score. At
higher baseline hemoglobin levels, transfusion was signifi-
cantly more likely with longer procedures; however, this
progressive pattern diminished as baseline hemoglobin val-
ues decreased owing to the strong interaction term between
hemoglobin value and duration of surgery (Table 2).

Postoperative critical care
The likelihood of postoperative admission to a critical
care unit increased significantly as baseline hemoglobin

level decreased (Figure 2). Critical care admission was
notably more likely in younger patients and in those with
higher HOMR scores, a feature especially notable at
lower hemoglobin levels (Table 2); however, the degree of
association was similar for the different age and HOMR
score percentiles.

Unplanned 30-day emergency department visit

Baseline hemoglobin level was independently associated
with the risk of an unplanned 30-day emergency depart-
ment visit (Table 2), with a notable concave-up formation;

Probability of red cell transfusion, %

E F
5_
4_
3—'\ N
2 - N \\
14 S o
O— =

Hemoglobin level before arthroplasty, g/L

Variable percentile/group

w= = 25th 50th
¥¥¥¥Ohth ~ ~ Male
~— " Hip = = Knee

Fig. 1. Association between preoperative hemoglobin level and probability of red cell transfusion by age (A), Hospital-patient One-
year Mortality Risk score (B), estimated glomerular filtration rate (C), duration of surgery (D), sex (E) and joint (F). Percentile values
for each continuous variable are presented in Appendix 1, Table S1. All results are adjusted for the covariables presented in Table 2.
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its nadir occurred at hemoglobin levels around 140 g/L
and increased at levels both above and below (Figure 3).
This association was not importantly influenced by the
other covariables (Table 2).

Unplanned 30-day hospital readmission

The risk of unplanned 30-day hospital readmission had a
curvilinear relation with baseline hemoglobin being nota-
bly more likely as baseline hemoglobin levels deviated
from normal (Figure 4). The association between hemo-
globin values and readmission risk did not vary notably

RESEARCH

with other covariables; however, the degree of association
was greater as HOMR score increased, in male patients
and in knee arthroplasty.

One-year all-cause mortality

Baseline hemoglobin level was strongly associated with
the risk of 1-year all-cause mortality (Table 2), also with a
distinct curvilinear pattern (Figure 5). This risk was not
modulated notably by the other covariables (Table 2).
The risk of death was most strongly associated with
HOMR score.

Probability of admission to critical care, %

E F
3_
2_

ok S| 1 =4-L.L4L.]
O—

T T T T 7T T T T T T 17 T T T T T T T T T T 11
SANODODODDPANLDL DDA NS AN DDA N DD DA N
NN EN2ZNVENZNGOCEN NN NN INCIN NN NN 2NN N SCIINCINCING

Hemoglobin level before arthroplasty, g/L

Female

Variable percentile/group

_————— 75th

= = = 25th ————— 50th
""" 95th ——— —— Male
— — KnEE

Fig. 2. Association between preoperative hemoglobin level and probability of postoperative admission to a critical care unit by age
(A), Hospital-patient One-year Mortality Risk score (B), estimated glomerular filtration rate (C), duration of surgery (D), sex (E) and
joint (F). All results are adjusted for the covariables presented in Table 2.
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Probability of unplanned 30-d emergency department visit, %

E F
-““‘"\- ]
16 — ""“-m\ /
\_.-‘/
14
\‘\"-, S~
12 et L
™ — T _
10 — . —— — S —
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Hemoglobin level before arthroplasty, g/L

Variable percentile/group

25th 50th
~ —— Male
—— — Knee

Fig. 3. Association between preoperative hemoglobin level and probability of unplanned 30-day emergency department visit by age
(A), Hospital-patient One-year Mortality Risk score (B), estimated glomerular filtration rate (C), duration of surgery (D), sex (E) and
joint (F). All results are adjusted for the covariables presented in Table 2.

Discussion

In this retrospective population-based study of more than
188000 patients who underwent primary arthroplasty,
we found that preoperative hemoglobin levels, both high
and low, were significantly associated with important out-
comes after primary arthroplasty. After adjustment for
key confounders, preoperative hemoglobin level was
associated with the risk of red cell transfusion, postopera-
tive critical care admission, unplanned 30-day emergency
department visit, unplanned 30-day hospital readmission
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and 1-year all-cause mortality. Furthermore, we found
that preoperative hemoglobin values at which outcome
risks started to increase exceeded threshold values com-
monly used to define “normal” hemoglobin levels. We
also found that an elevated preoperative hemoglobin level
was associated with increased risk of postdischarge
complications.

Based on these findings, we suggest that preoperative
hemoglobin level can be a reliable patient risk stratification
tool. Considering that the risk of red cell transfusion was
notably low when the preoperative hemoglobin value
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Probability of unplanned 30-d hospital readmission, %

E F
4 —
3- \\
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R H‘-H\ | L]

Hemoglobin level before arthroplasty, g/L

Variable percentile/group

~ - 25th 50th
« 22 95th o —— Male
— - Hip —— —— Knee

Fig. 4. Association between preoperative hemoglobin level and probability of unplanned 30-day hospital readmission by age (A),
Hospital-patient One-year Mortality Risk score (B), estimated glomerular filtration rate (C), duration of surgery (D), sex (E) and joint
(F). All results are adjusted for the covariables presented in Table 2.

exceeded 135 g/L, we recommend that type and cross
matching may not be indicated in such patients, especially
when surgery is not expected to be complex. Given the sig-
nificant association of hemoglobin level with all postopera-
tive outcomes measured in this study, preoperative hemo-
globin level should be considered in future bundled
payment models that aim to account for case-mix when
grading postarthroplasty outcomes.

In contrast to most previous analyses of the associa-
tion between preoperative hemoglobin value and
arthroplasty outcomes (Table 3), we did not categorize

hemoglobin values. This allowed us to identify novel,
distinct nonlinear associations between preoperative
hemoglobin value and postoperative complications. We
found that the odds of transfusion flattened notably
when the level was above 135 g/L, an association that
was consistent across all values of important confound-
ers. This inflection point for transfusion was seen for
both sexes. The World Health Organization classifies
anemia based on sex,* whereas international consensus
experts recommend that hemoglobin values be con-
sidered independently of sex;* our findings support the
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Fig. 5. Association between preoperative hemoglobin level and probability of 1-year all-cause mortality by age (A), Hospital-patient
One-year Mortality Risk score (B), estimated glomerular filtration rate (C), duration of surgery (D), sex (E) and joint (F). All results are

adjusted for the covariables presented in Table 2.

latter. Furthermore, the data suggest that the approach
to preoperative hemoglobin testing and optimization
could be stratified at 135 g/L (a value higher than typ-
ically considered a “normal” threshold) and that, in
some cases, type and cross may not be required above
this threshold.

We also found robust nonlinear associations between
hemoglobin level and postdischarge complications.
Unplanned 30-day emergency department visit,
unplanned 30-day hospital readmission and 1-year all-
cause mortality all showed a U-sshaped association, with
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the lowest probability of adverse outcome approximating
135-140 g/L. Although this finding may have been con-
founded by causes of chronic hypoxemia (such as smoking,
obstructive sleep apnea or obesity hypoventilation syn-
drome) that can lead to both polycythemia and increased
adverse outcomes after discharge, critical care use was not
increased in the setting of higher hemoglobin values.
With sleep apnea and hypoventilation, one would expect a
similar causal pathway to exist between early in-hospital
adverse events and longer-term adverse events. Future
prospective research with detailed measurement of these
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Table 3. Summary of previous studies examining association of hemoglobin level with outcomes after arthroplasty

Association of
Hemoglobin Adjusted hemoglobin level
Single No. of level for with outcome, OR
Study Cohort Design centre patients categorized Outcome covariables (95% Cl)
Gu et al.,'® 2020 TJA Cohort No 293 043 Yes Postoperative Yes Hip 6.2 (56.7-6.8),
complication knee 5.2 (4.8-5.6)
Death Yes Hip 3.4 (2.0-5.7),
knee 3.0 (1.7-5.1)
Transfusion Yes Hip 8.7 (8.0-9.6),
knee 9.3 (8.6-10.2)
Reoperation Yes Hip 1.5 (1.2-1.9),
knee 1.5 (1.1-1.9)
Luetal,’2017 TJA* Case-control No 9480 Yes Postoperative Yes 1.45 (1.24-1.70)
complication
Death Yes 2.18 (1.09-4.36)
Increased length of Yes 1.02 (0.73-1.31)
stay
Chamieh et al.,° TKA* Cohort No 34 661 Yest Myocardial infarction No No
2016
Cardiac arrest No No
Death No No
Jorgensen et JTKA Matched No 5400 Yes Cancer within 1 yr Yes 0.94 (0.51-1.73)
al.?' 2015
Liodakis et al.,?? Revision Cohort No 5068 Yes Postoperative Yes Yes
2015 hip/knee complication
arthroplasty*
Increased length of Yes Yes
stay
Violaetal.,*2015  TJA Case—control Yes 13563 Yes Postoperative Yes 2.1
complication
Jans etal,'72014  TJA, fast-track Cohort No 5165 Yes 90-d readmission Yes 1.4(1.1-1.9)
Length of stay > 5d Yes 2.5(1.9-3.4)
Jamsen et al., TJA, age > 75yr  Cohort Yes 1998 Yes Survival Yes Yes
2013
O'Malley et al.,® THA* Cohort No 4281 Yes Postoperative Yes Yes
2012 complication
Greenky et al.,? TJA Cohort Yes 15772 Yes Infection No Yes
2012
Death No No
Bozic et al.,”® TJA, Medicare¥  Cohort No 83011 Yes Infection Yes Yes
2012
Mantilla et al.,?® TJA Case—control  Yes 782 No§ Death Yes No
2011
Myocardial infarction Yes No
Cl = confidence interval; OR = odds ratio; THA = total hip arthroplasty; TJA = total joint arthroplasty; TKA = total knee arthroplasty.
*Used National Surgical Quality Improvement Program data.
tUsing 4 levels.
+Anemia assignment based on diagnostic code.
§Hemoglobin measures analyzed as a linear term.

risk factors is required. In the interim, these findings high-
light to clinicians that supranormal hemoglobin values
may necessitate a review of underlying risk factors; to
researchers the importance of avoiding the categorization
of continuous variables in analysis to identify nonlinear
associations and maximize power;* and to administrators
and payers that, as payment models across the United
States and Canada have shifted toward bundle payment,*
these results suggest that preoperative hemoglobin values
should be considered for case-mix adjustment in future
bundle models.

Limitations

Several potential weaknesses should be kept in mind when
interpreting the study’s results. First, the study was capable
of measuring the association between hemoglobin level
and various outcomes in patients undergoing hip and knee
arthroplasty, but not causation. This issue regarding asso-
ciation versus causation is key since it would influence any
effect that preoperative hemoglobin optimization could
have on postoperative outcomes. Second, comorbidities in
this cohort, as gauged by the Charlson Comorbidity Index
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score, were notably low;?” this may have been due to
comorbidity undercounting by administrative data codes.*
"This is especially relevant in our population, since less than
5% of patients had been admitted to hospital in the previ-
ous year, which means that comorbidities had to have been
coded at the time of the elective procedure in order to have
been counted for the study.

Third, the external generalizability of the results
remains to be tested in future studies using other
population-based databases. However, findings from other
studies reporting on arthroplasty outcomes from ICES*%°
are compatible with studies of North American, European
and Austral-Asian cohorts.>'®3152 Fourth, the ICES data
do not accurately capture medications given to patients
during the hospital stay (or peroperatively). Thus, we
could not accurately test the effect of the introduction of
tranexamic acid use in arthroplasty procedures in this
cohort. However, it is of interest that year of surgery over
the study period (which includes the introduction of
tranexamic acid into routine use in arthroplasty [2012—
2014]) did not influence outcome after other covariables
were accounted for.

Last, a substantial part of our cohort was excluded
owing to missing hemoglobin levels in OLIS. Patient loss
owing to lack of coverage from OLIS can be classified as
missing completely at random since it is primarily due to
patient location (i.e., whether or not the laboratory at
which patients had any preoperative laboratory testing was
captured in OLIS). Since outcomes (namely, patient sur-
vival) in hip and knee arthroplasty are extremely homo-
geneous throughout Ontario,” the risk of systemic bias
due to this issue is minimal.

CONCLUSION

Preoperative hemoglobin level was independently associ-
ated with risk of red cell transfusion, postoperative critical
care admission, unplanned 30-day emergency department
visit, unplanned 30-day hospital readmission and 1-year
all-cause mortality after hip and knee arthroplasty. These
associations were frequently nonlinear. Hemoglobin levels
below 135 g/L were associated with a notable and pro-
gressive increased risk of requiring a blood transfusion
peroperatively. This finding could act as a patient risk
stratification tool and should be considered when devising
algorithms to account for case-mix in bundle payment
allowances.
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