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Abstract

Introduction: This study aimed to investigate the prevalence of acute kidney injury (AKI) following hip fracture surgery
in geriatric patients and to identify predictors for development of AKI with a focus on possible preventable risk factors. Methods:
In this retrospective cohort study, we reviewed electronic medical records of all patients above 65 years of age who underwent
hip fracture surgery at Copenhagen University Hospital, Bispebjerg, Denmark, in 2018. Acute kidney injury was assessed
according to the Kidney Disease Improving Global Outcomes guidelines. Multivariate logistic regression analyses were used to
identify independent risk factors for AKI. Results: Postoperative AKI developed in 28.4% of the included patients (85/299). Acute
kidney injury was associated with increased length of admission (I 1.3 vs 8.7 days, P <.001) and 30-day mortality (18/85 vs 16/214,
P = .001I). In multivariable analysis, higher age (odds ratio [OR]: 1.05, 95% confidence interval [CI]: 1.01-1.08, P = .004), heart
disease (OR: 1.78,95% CI: 1.01-3.11, P = .045), and postoperative blood transfusion (OR: 1.84, 95% CI: 1.01-3.36, P = .048) were
associated with AKI. Moreover, a higher postoperative C-reactive protein (199.0 + 99.9 in patients with AKI, 161.3 + 75.2 in
patients without AKI) and lower postoperative diastolic blood pressure were observed in patients developing AKI. Discussion
and Conclusion: Acute kidney injury was common following hip fracture surgery and associated with longer admissions and
increased mortality. Patients developing AKI were older and showed several postoperative similarities, including higher C-
reactive protein, lower postoperative diastolic pressure, and the need for blood transfusion.
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Introduction noncardiac surgery.“’16 Perioperative hypotension has also
been demonstrated to be a risk factor for postoperative AKI
and death,'”"'® although there may be a difference between
anesthesia-induced blood pressure lowering and hypotension

Hip fractures have grave consequences for frail older adults and
are associated with reduced quality of life, increased morbidity,
and mortality." A common postoperative complication is
acute kidney injury (AKI) defined as an abrupt decrease in
kidney function.*'® Acute kidney injury is a comprehensive
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due to intraoperative problems such as bleeding and
hypovolemia.*°

Although several studies have examined risk factors for
postoperative AKI, the literature on manageable risk factors
for AKI in older adults undergoing hip fracture surgery is
scarce.”! The aims of this study were (1) to investigate the
prevalence of AKI following hip fracture surgery in geriatric
patients and (2) to identify predictors for development of AKI
with a focus on possible preventable risk factors.

Methods
Study Design and Patient Population

The present study is a retrospective cohort study. The elec-
tronic medical records of all patients above 65 years of age
admitted to Copenhagen University Hospital, Bispebjerg, Den-
mark, between January 1, 2018, and December 31, 2018, with a
hip fracture were thoroughly reviewed retrospectively. Hip
fracture was defined as International Classification of Diseases
(ICD) code DS720 (fracture of femur neck), DS721 (pertro-
chanteric fracture), or DS722 (subtrochanteric fracture) present
in the patient’s medical record. Exclusion criteria were (1)
meeting the AKI criteria at admission (see below), (2) lack
of postoperative serum creatinine measurement, (3) distal
femur fracture, (4) fracture caused by in-hospital fall, and (5)
permanent address outside the hospital’s catchment area (lead-
ing to lack of data if transferred to another hospital after

surgery).

Outcome and Assessment of AKI

Acute kidney injury was diagnosed according to the Kidney
Disease Improving Global Outcomes (KDIGO) guidelines®:
(1) increase in serum creatinine >26.5 pumol/L within 48 hours
or (2) increase in serum creatinine to >1.5 times baseline,
which is known or presumed to have occurred within the prior
7 days. Due to lack of information on urine output in patient
records, only serum creatinine was used to evaluate AKI. The
most recent serum creatinine prior to admission was used as
baseline creatinine.

Data Collection

Data retrieved for every patient in the electronic medical record
included:

1. Demographic and clinical characteristics: Age, sex,
date of death as by July 2019, preoperative comorbid-
ities compiled as an /CD code in the medical record for
diabetes type 1 or 2, dementia, chronic kidney disease,
hypertension, heart disease, and total number of chronic
diagnoses.

2. Characteristics of surgery: type of fracture, type of
operation, length of operation, and blood loss during

surgery.

3. Characteristics of anesthesia: type of anesthesia, preopera-
tive American Society of Anesthesiologist physical status
classification score, and arterial cannula during operation.

4. Geriatric characteristics: geriatric assessment by geria-
trician during hospitalization, highest Barthel score dur-
ing hospitalization, residence at admission and
discharge, Confusion Assessment Method score, patient
diagnosed with delirium by a physician, and prescrip-
tion of haloperidol.

5. Medication:

a. Administration of any of the following drugs during
hospitalization: angiotensin-converting enzyme
(ACE) inhibitor, angiotensin II receptor blocker
(ARB), B-blockers, calcium channel blockers
(CCBs), bendroflumethiazide, spironolactone, fur-
osemide, nephrotoxic antibiotics (cephalosporines,
vancomycin, aminoglycosides), morphine, dexa-
methasone, nonsteroidal anti-inflammatory drug,
metformin, anticoagulants, and antiplatelet drugs.

b.  Whether the patient received any of the following
drugs prior to admission (as stated in admission
note): ACE inhibitor, ARB, B-blockers, CCB,
bendroflumethiazide, spironolactone, furosemide,
metformin, anticoagulants, and antiplatelet drugs.

6. Blood pressure values: first blood pressure measured
after admission; morning blood pressure the first 3 days
after surgery; highest and lowest systolic blood pressure
(SBP) during anesthesia; highest and lowest diastolic
blood pressure (DBP) during anesthesia; whether mean
arterial pressure (MAP) at any point during anesthesia
was <55 mm Hg; longest period where MAP was <55
mm Hg during anesthesia.

7. Paraclinical parameters: electrocardiograms; most
recent creatinine prior to admission; first and highest
creatinine, C-reactive protein (CRP), and potassium
during hospitalization; pre- and postoperative albumin,
sodium and hemoglobin; pre-, peri-, and postoperative
red blood cell transfusion.

Statistical Analysis

Patients were divided into 2 groups (a) meeting AKI criteria 1
and/or 2 and (b) non-AKI patients. For every variable retrieved
from the medical records, univariate analysis was performed,
using Student ¢ test for parametric data and %* or Fisher exact
test for nonparametric data. Variables with a 2-tailed P value of
less than .05 were examined further in multivariate analysis
with binary logistic regression with AKI (present or not) as the
dependent variable. The multivariate analyses were made in 3
steps. Based on biological and clinical knowledge, we made
conceptual frameworks to identify possible confounders. The
first step is the crude analysis between various independent
variables and the outcome of interest. In the second step, the
association was adjusted for sex and age, and in the third step,
additional adjustment for important confounders assessed by
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Initial data extraction
Patients admitted with hip fracture
between January and December
2018

n=322

Exclusion criteria:
Non-communtiy acquired hip fracture (n=6)
Distal femur fracture (n=3)
Patients tranferred to other hospital after surgery (n=3)
Lack of postoperative blood tests (n=2)
AKI present at admission (n=7)

Second admission with hip fracture within study period
(n=2)

Patients included
n=299

Figure |. Exclusion of patients.

the conceptual frameworks was added. After evaluation of the
initial findings, we explored more variables in the patients who
were given postoperative blood transfusion. All statistical anal-
yses were performed using IBM SPSS Statistics for Windows,
Version 25.0 (IBM Corp, Armonk, New York).

Ethics

The study protocol was approved by the Danish Patient Safety
Authority (Ref. no. 3-3013-2934/1), and data were handled
according to The Danish Data Protection Agency (Ref. no.
P-2019-164). Informed consent was by Danish legislation
unnecessary and not obtained due to the observational and
retrospective design of the study.

Results

A total of 322 electronic medical records were reviewed.
Twenty-three patients were excluded, resulting in a study pop-
ulation of 299 patients (Figure 1).

Patient characteristics are presented in Tables 1 and 2. The
incidence of AKI was 28.4% (85/299). Three patients received
dialysis because of AKI and another 4 patients met criteria for
dialysis but either refused or dialysis was thought to be futile
due to the patients’ condition. The mean age for enrolled
patients was 82.4 + 8.8 years (range: 65-101 years), with
significantly higher age in patients who developed AKI
(84.7 + 7.7 years) than in non-AKI patients (81.4 + 9.1 years;
odds ratio [OR]: 1.05, 95% confidence interval [CI]: 1.01-1.08,
P = .004). Of this, 80 of 299 patients were male with no
significant sex difference between the 2 groups.

Clinical Outcomes of AKI

At follow-up in July 2019, 29.1% of the included patients had
died. Death during hospitalization, 30-day mortality, and

overall mortality were more frequent in patients developing
postoperative AKI, and length of hospital stay was significantly
longer for these patients. These associations remained signifi-
cant when adjusting for sex and age (Table 3).

Nonmodifiable Risk Factors for AKI

As presented in Table 4, several comorbidities were associated
with AKI. When adjusting for sex and age, heart disease and
chronic kidney disease increased the risk of AKI. In the fully
adjusted model, only heart disease (OR: 1.78, 95% CI: 1.01-
3.11) was associated with postoperative AKI. No significant
association between the number of chronic diagnoses and AKI
was found.

Possible Modifiable Risk Factors for AKI

Longer surgeries, blood loss during surgery and presence of
postoperative blood transfusion were associated with develop-
ment of postoperative AKI in the univariate analysis. In the
fully adjusted model, the association between blood loss during
surgery and AKI was no longer significant (Table 5). However,
when mutually adjusted, postoperative blood transfusion
remained significantly associated with development of AKI.
The association between blood loss and AKI was not explained
by the type of fracture neither by the type of operation (data not
shown).

A past medical history of hypertension and AKI was not
significantly correlated. In the univariate analysis, however,
wide pulse pressure and high SBP at admission were associated
with AKI. This association did not remain significant when
adjusting for sex and age (Table 6). During surgery, many
patients experienced low blood pressure values. Seventy-one
percent (71%) of the patients had at least one episode where
MAP was 55 mm Hg or less during surgery. We did not find
significant differences in blood pressure measurements or dura-
tion of hypotension during surgery between patients with and
without AKI. Neither did the percentage difference between
admission blood pressure and lowest SBP during surgery differ
between the 2 groups. Patients developing postoperative AKI
had significantly lower DBP the first 2 days after surgery, and
AKI patients were more often administered B-blockers and
diuretics during hospitalization. There was no association
between AKI and preadmission antihypertensive medication
or administration of other kinds of antihypertensive medication
during hospitalization apart from B-blockers (21/85 vs 27/214,
P = .01) and diuretics (48/85 vs 61/214, P <.001).

Other Clinical Differences

Patients with AKI had significantly higher postoperative CRP
than non-AKI patients. This finding remained significant after
adjustment for the length of operation (based on the theory that
longer operations are associated with greater trauma causing
higher CRP). The first blood tests after surgery showed signif-
icant lower levels of albumin and hemoglobin in AKI patients,



Geriatric Orthopaedic Surgery & Rehabilitation

Table . Description of Cohort, Presented as Mean + SD or No. (%) Univariate Analyses.

Characteristic Missing Values All Patients Non AKI Postoperative AKI P Value
No 299 214 (71.1) 85 (284) NA
Demographics
Sex (male) 0 80 (26.8) 61 (28.6) 19 (22.4) .28°
Age, year 0 82.4 + 88 8l.4 + 9.1 84.7 + 7.7 <01°
Death during admission 0 15 (5.0) 5(2.3) 10 (11.8) <.0l°
30-day mortality 0 34 (11.4) 16 (7.5) 18 (21.2) .001*
90-day mortality 0 68 (22.7) 41 (19.2) 27 (31.8) .02°
Dead by July 2019 0 87 (29.1) 50 (23.5) 37 (43.5) <.001%
Length of hospital stay (days) 0 94 + 538 87 + 44 1.3 + 8.1 <.001°
Discharge to rehabilitation unit 0 147 (49.2) 97 (45.3) 50 (58.8) .04*
Preoperative diagnoses
Diabetes, type | 0 5(1.7) 3(1.4) 2 (2.6) .63¢
Diabetes, type 2 0 35(11.7) 21 (9.8) 14 (16.5) d1f
Dementia 0 58 (19.4) 41 (19.2) 17 (20.0) .87°
Chronic kidney disease 0 26 (8.7) 14 (6.5) 12 (14.1) .04*
Hypertension 0 138 (46.2) 92 (43.0) 46 (54.1) .08
Heart disease 0 91 (30.4) 55 (25.7) 36 (42.4) <.0lI?
Number of chronic diagnoses 0 3.0 + 1.7 30+ 1.6 33+ 1.7 .14°
Type of operation 49°
Intramedullary nail 0 114 (38.1) 86 (40.2) 28 (32.9)
Screw fixation 0 52 (17.4) 39 (18.2) 13 (15.3)
Dynamic hip screw 0 34 (11.4) 22 (10.3) 12 (14.1)
Hemiarthroplasty 0 93 31.1) 62 (29.0) 31 (36.5)
Total hip arthroplasty 0 6 (2.0 5(2.3) 1 (1.2)
Type of fracture .65%
Fractura colli femoris 0 161 (53.8) 113 (52.8) 48 (56.5)
Pertrochanteric fracture 0 127 (42.5) 94 (43.9) 33 (38.8)
Subtrochanteric fracture 0 I (3.7) 7 (3.3) 4 (4.7)

Abbreviations: AKI, acute kidney injury; SD, standard deviation.
2y 2 test.

bStudent t test.

Fisher test.

whereas there was no significant preoperative difference. The
use of arterial cannula during surgery was significantly more
frequent in AKI patients but did not remain significant after
adjustment for sex, age, and comorbidities. No association was
found between AKI and nephrotoxic medication during admis-
sion (data not shown). The average postoperative hemoglobin
in patients given postoperative blood transfusion was 8.5 g/dl
(standard deviation [SD]: 1.4) as compared to 10.8 g/dl (SD:
1.6) for patients not given postoperative blood transfusion. No
other clinically significant differences were observed between
patients given or not given postoperative blood transfusion.

Discussion

In this observational, retrospective study of hip fractures in
older adults, we found an incidence of AKI of 28.4% accord-
ing to the KDIGO criteria. Acute kidney injury was associated
with longer admissions and patients with AKI often died dur-
ing admission or within 30 days after surgery, even when the
AKI was relatively mild and did not require dialysis. This
finding is consistent with other studies where the 30-day mor-
tality rate after AKI has been reported as high as 15% to
19%*2" and where even small changes in creatinine double

the risk of short-term death.'®> These high mortality rates
stress the probable importance of early diagnosis and preven-
tion of AKI to improve the outcome after hip fracture surgery
in older adults.

We found that heart disease and preexisting renal disease
were nonmodifiable risk factors of AKI, consistent with earlier
studies.****! However, only heart disease was an independent
risk factor. Our finding of a wide pulse pressure and high SBP
at admission may also be considered as a proxy for athero-
sclerotic disease and heart disease.”> Our findings are consis-
tent with the literature and suggest that atherosclerosis and
heart disease are important predictors for AKI after hip fracture
surgery, and special attention to these patients during the hos-
pital admission may be prudent.

Importantly, we also found postoperative blood transfusion
to be associated with increased risk of AKI, even after adjust-
ment for blood loss during surgery, heart disease, and antic-
oagulant medication. Blood transfusion has been reported to
substantially increase mortality and infections in orthopedic
patients.”**> An association between blood transfusion and
AKI has also been seen after percutaneous coronary interven-
tion?® and cardiac surgery.?” In our study, 43% of patients
receiving postoperative blood transfusion also had AKI during
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Table 2. Clinical Characteristics, Presented as Mean + SD or No. (%) Univariate Analyses.
Characteristic Missing Values All Patients Non AKI Postoperative AKI P Value
No 299 214 (71.1) 85 (28.4) NA
Blood loss and transfusion
Duration of surgery (minutes) 2 85.0 + 44.6 80.9 + 42.6 95.2 + 479 .02%
Blood loss during surgery (mL) 0 1925 + 2212 175.7 + 201.3 234.6 + 261.2 .04*
Preoperative blood transfusion 0 15 (5.0) 9 (4.2) 6(7.1) 38°
Perioperative blood transfusion 0 32 (10.7) 19 (8.9) 13 (15.3) e
Postoperative blood transfusion 0 74 (24.7) 42 (19.6) 32 (37.6) .001°¢
Arterial cannula 2 80 (26.9) 49 (23.1) 31 (36.5) .02¢
Medication
Anticoagulants 0 50 (16.7) 35 (16.4) 15 (17.6) 79°
Antiplatelet drugs 0 85 (28.4) 56 (26.2) 29 (34.1) A7¢
Blood tests
Serum creatinine preadmission 34 95.3 + 985 90.5 + 984 107.8 + 98.2 20°
Serum creatinine at admission 2 92.1 + 80.6 86.3 + 73.3 106.9 + 95.5 .052
Serum albumin, preoperative 7 33.6 + 4.6 33.7 + 47 333 + 4.2 522
Serum albumin, postoperative 17 256 + 5.5 26.1 + 6.0 246 + 3.9 .0l*
Serum hemoglobin at admission | 77 + 1.1 7.8 + 1.1 75+ 1.2 122
Serum hemoglobin, postoperative I 64 + I.1 65 + I.1 6.1 + I.1 .02°
CRP at admission 4 18.3 + 30.8 19.4 + 32.5 15.7 + 26.0 312
Highest postoperative CRP 0 172.0 + 845 161.3 + 752 199.0 + 99.9 <.001?
Blood pressures
SBP at admission 0 I55.3 + 289 152.9 + 286 161.4 + 289 .02°
DBP at admission 0 78.1 + 14.0 778 + 13.8 789 + 144 57%
Pulse pressure at admission 772 + 229 75.1 4+ 22.6 82.5 + 22.8 01?2
Highest SBP during anesthesia 2 1589 + 282 1589 + 27.9 1589 + 295 99°
Lowest SBP during anesthesia 2 737 + 165 732 4+ 17.1 749 + 14.8 40°
Highest DBP during anesthesia 2 92.6 + 26.7 93.8 + 27.1 894 4+ 255 .18
Lowest DBP during anesthesia 2 393 + 10.0 392 + 103 39.6 + 9.0 a4
MAP <55 mm Hg 2 211 (71.0) 151 (71.2) 60 (70.9) 9l¢
Longest period where MAP <55 mm Hg (minutes) 88 104 + 109 104 + 103 103 + 124 967
MAP <55 mm Hg in >5 minutes 88 114 (54.0) 86 (57.0) 28 (46.7) .18°
SBP postoperative day | 0 122.9 + 20.6 123.8 + 20.0 120.5 + 22.0 24
DBP postoperative day | 0 599 + 144 613 + 15.0 56.3 + 12.1 <.0l®
SBP postoperative day 2 2 129.5 + 62.7 1319 + 72.8 123.7 + 22.2 A4
DBP postoperative day 2 2 619 + 129 63.1 + 123 589 + 139 .02*
SBP postoperative day 3 13 1352 + 21.7 134.6 + 20.9 136.7 + 23.6 A48°
DBP postoperative day 3 13 649 + 129 649 + 123 65.1 + 143 91°

Abbreviations: AKI, acute kidney injury; CRP, C-reactive protein; DBP, diastolic blood pressure; MAP, mean arterial pressure; SBP, systolic blood pressure; SD,

standard deviation.
*Student t test.
BFischer test.

x? test.

Table 3. Risk of Death After AKI—Multivariate Analysis.

Unadjusted Sex and Age
Variable OR (95% ClI) P Value OR (95% ClI) P Value
Mortality, July 2019 2.53 (1.48-4.31) .001 2.18 (1.26-3.78) .005
Death during admission 5.57 (1.85-16.84) .002 5.09 (1.66-15.64) .004
30-day mortality 3.33 (1.61-6.89) .001 2.92 (1.39-6.13) .005
90-day mortality 1.96 (1.11-3.47) .020 1.66 (0.92-2.99) 091
Length of hospital stay (days) 1.07 (1.03-1.12) .001 1.08 (1.03-1.13) .001
Discharge to rehabilitation 1.72 (1.04-2.87) .036 1.57 (0.93-2.63) .090

Abbreviations: AKI, acute kidney injury; Cl, confidence interval; OR, odds ratio.
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Table 4. Comorbidity and Risk of AKI.

Unadjusted Sex and Age Fully Adjusted®
Comorbidity OR (95% Cl) P Value OR (95% Cl) P Value OR (95% Cl) P Value
Heart disease 2.12 (1.25-3.60) .005 1.97 (1.15-3.39) 014 1.78 (1.01-3.11) .045
Hypertension .56 (0.94-2.59) 083 | 44 (0.86-2.40) 166 1.27 (0.74-2.19) 387
Diabetes type | .70 (0.28-10.33) 567 2.26 (0.36-14.25) 387 2.69 (0.42-17.35) 299
Diabetes type 2 1.81 (0.87-3.76) 110 1.83 (0.87-3.84) 112 .72 (0.79-3.75) 173
CKD 2.35 (1.04-5.31) .040 2.5 (1.06-5.72) .036 2.15 (0.90-5.14) .086

Abbreviations: AKI, acute kidney injury; Cl, confidence interval; CKD, chronic kidney disease; OR, odds ratio.
?Adjusted for sex, age, heart disease, hypertension, diabetes type | and 2, and chronic kidney disease, respectively.

Table 5. Blood Loss, Blood Transfusion, and AKI.

Unadjusted Sex and Age Semiadjusted® Fully Adjusted®
Variable OR (95% Cl) PValue OR(95%Cl) PValue OR(95%CIl) PValue OR(95% Cl) P Value
Blood loss during surgery 1.00 (1.00-1.002) .041 1.00 (1.00-1.002) .05 1.00 (1.00-1.002) .072 1.00 (1.00-1.00) .199
Postoperative blood transfusion 2.47 (1.42-4.30) .001  2.18 (1.24-3.85) .007 2.0l (1.12-3.62) 019 1.84(1.01-3.36) .048
Abbreviations: AKI, acute kidney injury; Cl, confidence interval; OR, odds ratio.
?Adjustment for sex, age, anticoagulant medication, antiplatelet medication, and heart disease.
® Adjustment for semiadjusted model + blood transfusion or blood loss during surgery, respectively.
Table 6. Pulse Pressure.

Unadjusted Sex and Age Fully Adjusted®

Variable OR (95% ClI) P Value OR (95% Cl) P Value OR (95% ClI) P Value
Pulse pressure at admission 1.01 (1.00-1.03) .012 1.01 (0.99-1.02) .084 1.0l (0.996-1.02) 172
Hypertension 1.56 (0.944-2.59) .083 1.42 (0.85-2.37) .184 1.19 (0.63-2.25) .586
No. of antihypertensive drugs preadmission 1.24 (0.97-1.57) .086 1.22 (0.95-1.56) 122 1.17 (0.87-1.58) 297

Abbreviations: Cl, confidence interval; OR, odds ratio.

?Adjusted for sex, age, pulse pressure, hypertension, and no. of antihypertensive drugs preadmission, respectively.

the admission. In Denmark, red blood cell transfusion is rec-
ommended when hemoglobin is <6.9 g/dL (<7.6 g/dL for
patients with chronic heart disease) or when the patient experi-
ences symptoms of anemia. In our cohort, most patients were
given blood transfusions at higher levels than 7.6 g/dL because
of symptoms. Liberal blood transfusions have been reported to
increase the risk of transfusion-related acute lung injury and
heart failure®® possibly due to immunological reactions to
blood affecting these organs.”’ However, it should be stressed
that the blood transfusions usually are a consequence of acute
illness in the perioperative period: In everyday practice, clin-
icians often give blood to patients with signs of hypoperfusion
and physiological stress due to infections and hypovolemia.
This may also explain the lower DBP the first 2 days after
surgery in the AKI group. In our study, the link between blood
transfusion and AKI is probably an expression of acute illness
in the patients more than an explanation of AKI caused by the
blood transfusion itself.

Low blood pressure during hip surgery is common. It has
been argued that low blood pressure could lead to impaired

renal perfusion and thereby risk of AKL'® However, in our
study, perioperative blood pressure values and MAP did not
differ between the groups with and without AKI. There are
inconsistencies in the literature regarding this association. A
few studies have found an association between intraoperative
hypotension and AKI,'”'” suggesting hypotension to reduce
renal blood flow and thereby causing renal damage,' although
even longer duration of hypotension has been shown to be
unrelated to AKI.'®? Intraoperative hemodynamic optimiza-
tion has also been reported to be effective in reducing post-
operative acute renal injury.”>° In our study, AKI patients had
larger bleedings during surgery but did not experience lower
perioperative blood pressures than non-AKI patients. Patients
with advanced age, atherosclerosis, hypertension, and chronic
kidney disease often have impaired autoregulation of blood
pressure, which can cause kidney function to deteriorate even
when patients have blood pressure values within normal val-
ues.>' Our data did not strengthen the widespread hypothesis
that perioperative hypotension is the main cause of AKI after
hip fractures.
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A few differences were found between the 2 groups when
comparing paraclinical findings. Most notably, postoperative
CRP was found to be significantly higher in patients with AKI
even after adjustment for duration of surgery and type of sur-
gery and fracture. The peak in CRP after hip surgery is partly
related to the trauma but could also be related to infections and
inflammation. More specific data on infections were not avail-
able in the current study, but AKI related to systemic infections
seems to be a plausible explanation for this association.

In the present study, AKI was evaluated according to the
KDIGO criteria and a relatively high prevalence of AKI (28%)
was observed. The definition of AKI has been subject to
debate, which was why the KDIGO criteria were made based
on the formerly used Risk, Injury, Failure, Loss of kidney
function and End-stage kidney disease (RIFLE) classification
and the Acute Kidney Injury Network criteria.”? If we instead
had used the RIFLE classification (defining AKI as present
when serum creatinine was >1.5 of baseline [KDIGO criterium
2]) in the present study, the prevalence of AKI was 17.4% (n =
46, missing baseline creatinine on 34 patients). All univariate
analyses were also performed across these 2 groups, leading
only to slight changes in data (data not shown).

Strength and Limitations

The present study is a single-center study where all patients
admitted during 1 year were included. In Denmark, only public
hospitals admit acute patients, and our study therefore includes
a complete cohort of all patients in Central and Northern
Copenhagen with acute hip fractures in 2018. This is an impor-
tant strength of the study, eliminating most of the risk of selec-
tion bias. Further, we had complete data sets from almost all
patients. The study is observational and retrospective, and data
were initially collected as part of routine clinical work without
consideration of our study, which also reduces the risk of bias.
However, some limitations are present. The sample size is
relatively small, and we examined many potential predictors.
Therefore, data may have been overfitted by including many
explanatory variables, and our findings might not all be repro-
ducible. Hence, the study should mainly be considered as
explorative and hypothesis generating. All data were collected
from the patients’ electronic medical records, and we therefore
had to rely on the correctness of other doctors’ registration.
Because baseline levels of serum creatinine often are unknown
in acutely admitted patient, the most recent serum creatinine in
the medical records prior to admission was used as an estimate
of baseline creatinine levels. However, these creatinine levels
often originate from earlier admissions and may be affected of
other diseases at that time. Other variables of high interest to
the research questions were unfortunately not readily available
from the hospital records, including administration of fluids,
volume of blood transfusion, continuous measurements of
hemoglobin,** urine output, and clinical data on infections.
Confounding by indication is an important concern in observa-
tional studies as ours. We have adjusted for the most probable
confounding factors but acknowledge that an interventional

study would be the ideal design to study the relation between
postoperative blood transfusions and AKI.

Conclusions

Acute kidney injury was common following hip fracture sur-
gery and associated with longer admissions and increased mor-
tality. Higher age and heart disease were nonmodifiable and
independent risk factors of postoperative AKI. Special atten-
tion to high-risk patients during hospital admission, and the
clinical individualization of the need for blood transfusion is
prudent.

Authors’ Note

The data files are stored by Bispebjerg and Frederiksberg Hospital,
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