
29

MODERN PROBLEMS OF SCIENCE AND EDUCATION. SURGERY    №3    2019

FREQUENCY AND SEVERITY OF ACUTE KIDNEY INJURY  
IN PATIENTS AFTER REPLACEMENT OF LARGE JOINTS  
WITH INFECTIOUS COMPLICATIONS

Zhidkova O.V., Lebedeva M.N., Pervukhin S.A., Ivanova E.Yu.,  
Elistratov A.A., Statsenko I.A., Palmash A.V.
Novosibirsk Research Institute of Traumatology and Orthopaedics n.a. Ya.L. Tsivyan, 
Novosibirsk, e-mail: niito@niito.ru

Aims
 To identify the incidence and severity of acute kidney injury (AKI) in patients after replacement of 

large joints with infectious complications. 
Materials and methods
The object of study: 54 patients with infectious complications after replacement of large joints. The 

severity of AKI was determined by the RIFLE classification. Three groups of observation were singled out: 
I – 18 patients (33.3%) with AKI in stage R (risk); II – 11 patients (20.3%) with AKI in stage I (injury); 
III – 25 patients (46.3%) with AKI in stage F (failure). AKI developed in 0.2% of cases. 

Results
In most cases, the clinical picture of AKI developed 2–4 days after surgery, and 2–5 days after onset 

of AKI, the signs of infectious endotoxicosis with the development of various infectious complications 
were noted. The analysis of the intraoperative period established that most patients in groups II and III had 
hypotension with MBP [mean blood pressure] 55–70 mm Hg, 87.5% of patients with intraoperative blood 
loss greater than 20% of blood volume were included in the study groups II and III. The calculation of odds 
ratios (OR) showed that low MBP levels, intraoperative blood loss greater than 20% of blood volume and 
sepsis are statistically significant factors of the risk of severe AKI (p˂0.05). 

Conclusions
Risk factors for the development of AKI and its severity after replacement of large joints were the 

presence of arterial hypertension, MBP level of less than 75 mm Hg, blood loss greater than 20% of blood 
volume, and sepsis. Manifestation of the clinical picture of AKI after such operations may be a warning sign 
of the development of postoperative infection and sepsis.

Keywords: replacement of large joints, acute kidney injury, purulent-septic complications, sepsis, 
continuous renal replacement therapy, septic shock.

INTRODUCTION
Acute kidney injury (AKI) is one of the 

most severe post-surgery complications that 
directly correlates with the fatality rates at 
intensive care units [1, 2]. Kidney Disease: 
Improving Global Outcomes (KDIGO) 
of 2012 was an international consortium 
dedicated to AKI that defined this acute pa-
thology as a renal dysfunction of varying 
severity, from insignificant dysfunction to 
the end stage of kidney disease that would 
require urgent renal replacement therapy 
(RRT) [3].

The most frequent causes are: any con-
dition that leads to a reduction in the per-
fusion pressure in critical organs (shocks 
accompanied by reduced cardiac output); 
relative and absolute hypovolemia; ob-
structive renal disease; nephrotoxic drugs; 
use of X-ray contrasts. Abnormal perfusion 
pressure in such conditions is associated 
with disrupted intrarenal circulation with 
microcirculation ischemia. Renal hypoxia 

induces a complex cascade of metabolic 
and inflammatory processes that lead to 
bioenergetic disadaptation of cells, which 
manifests itself in the severity and duration 
of AKI [4]. However, AKI is mostly ana-
lyzed as part of sepsis-associated multior-
gan failure [4].

The commonly known diagnostic mark-
ers for AKI are serum creatinine levels, di-
uresis volume and rate. As of today, there 
are papers on the efficiency of new serum-
carried AKI biomarkers, e.g. NGAL or neu-
trophil gelatinase-associated lipocalin [5]. 
However, this test is not yet available for 
day-to-day AKI diagnosis.

Recent studies found AKI in 67% of 
intensive care (IC) patients. R-class (risk) 
AKI was found in 12%, I-class in 27%, 
and F-class (failure) in 28%. AKI would 
progress, with 56% degrading from R to I 
or F; severe AKI that required urgent RRT 
was observed in ~5% IC patients [6]. When 
using the published consensus criteria (the 
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RIFLE criteria), AKI is diagnosed in nearly 
8% inpatients and in >50% IC patients [6].

There are a few international studies on 
renal dysfunction from the perspectives of 
traumatology and orthopedics [7, 8]. How-
ever, there are too few papers on AKI de-
velopment in patients that have undergone 
major joint replacement [9]. Such replace-
ments have a number of known complica-
tions: deep vein thrombosis in lower limbs, 
pulmonary embolism (PE), endoprosthesis 
displacement, surgical site infection, and 
AKI [10, 11]. The latter can prolong the 
hospital stay and increase the fatality rates, 
especially for patients that have comor-
bidities such as diabetes mellitus, chronic 
kidney disease (CKD), arterial hyperten-
sion (AH), cardiovascular pathology, and 
obesity [11]. Besides, there is substantial 
proof that in at least 50% of all cases, it is 
sepsis and septic shock that cause AKI in 
IC patients [12]. Despite the ever better life 
support, septic AKI occurrence and fatality 
rates remain high [12].

This is where the research goal came 
from: to find the occurrence rates and sever-
ity of acute kidney injury in cases of inflec-
tion-complicated major joint replacements.

MATERIALS AND METHODS
The research team retrospectively 

analyzed medical records on major joint 
replacements in 23,177 patients from 
2010 to 2016. For this research, the team 
selected 54 patients with postoperative 
complications and AKI. Patients were 
aged 67.9±8.0 on average, 32 women and 
22 men. Twenty-eight (51.9%) of them had 

primary hip replacement while 12 (22.2%) 
had primary knee replacement. Ten patients 
(18.5%) had repeated hip replacement, and 
4 (7.4%) had repeated knee replacement.

The inclusion criteria were diagnosed 
postoperative AKI and postoperative infec-
tious complications. No exclusion criteria. 
Patients were grouped by AKI severity. 

The RIFLE classification (KDIGO 
Acute Injury Workgroup, 2013) was used to 
determine the severity of AKI, see Table 1.

Three groups were identified based on 
the AKI severity: 

Group I of 18 patients (33.3%) with 
Stage R AKI;

Group II of 11 patients (20.3%) with 
Stage I AKI; Group III of 25 patients 
(46.3%) with Stage F AKI.

The research team collected and ana-
lyzed the following data: age, sex, body 
mass index (BMI), presence or absence 
of arterial hypertension (AH) and diabe-
tes mellitus (DM), intake of non-steroid 
anti-inflammatory drugs (NSAIDs) and 
analgesics, and presence of chronic kidney 
disease (CKD), see Table 2. As shown in 
Table 2, the groups were comparable in the 
core features.

Analysis of the intraoperative period 
drew into consideration the factors that, 
as the authors believed, were likely to 
strongly affect the course of AKI: the du-
ration of surgery, the type of anesthesia, 
the blood loss, the mean ABP (ABPm), 
whether blood transfusion was performed, 
whether vasopressor or inotropic support 
was involved, whether bone cement was 
used, see Table 4.

Table 1
RIFLE criteria (KDIGO Acute Kidney Injury Workgroup, 2013)

Stage GFR Diuresis rate
Risk R 1.5× blood creatinine concentration or GFR reduction by >25% 

of the initial value < 0.5 ml/kg/h over 6 hours

Injury I 2× blood creatinine concentration or GFR reduction by >50% 
of the initial value < 0.5 ml/kg/h over 12 h

Failure F 3× blood creatinine concentration or GFR reduction by >50% 
of the initial value or increase to ≥ 354 μmol/l with rapid growth 
to ≥ 44 μmol/l

< 0.3 ml/kg/h over
24 h or 12-h anuria

Loss Complete loss of kidney function ≥ 4 weeks
End Loss of kidney function for more than 3 months
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Table 2
Description of patient groups

Features
Groups P-test 

(Kruskal-Wallis)I II III
Age 70.2±9.0 67.3±9.0 66.4±12.2 0.535

Sex
F 10 (55.5%) 5 (45.5%) 15 (60.0%)

0.2
M 8 (44.45%) 6 (54.5%) 10 (40.0%)

BMI 30.6±7.6 31.5±5.7 31.9±7.8 0.83
DM 1 (5.5%) 1 (9.0%) 4 (16.0%) 0.1
AH 14 (77.8%) 11 (100.0%) 23(92.0%) 0.01
NSAI Ds 13 (72.2%) 8 (72.7%) 22 (88.0%) 0.2
Tramadol 5 (27.7%) 3 (27.3%) 3 (12.0%) 0.3
CKD 14 (77.8%) 8 (72.7%) 14 (56.0%) 0.2

All patients were given standard pre-
ventive antibiotic treatment with 3rd-gen 
cephalosporins. Vancomycin was pre-
scribed if the medical history indicated in-
tolerance to penicillins. Linezolid was pre-
scribed to CKD patients as vancomycin is 
nephrotoxic. The research team monitored 
the blood creatinine levels (before surgery, 
as well as Days 1, 2, and 3 after surgery) 
and the hourly diuresis rate.

Intraoperative fluid replacement vol-
umes and rates were determined by the pa-
tient’s hemodynamic status on top of sym-
pathetic blockade and blood loss volume. 
The fluid replacement volumes were calcu-
lated based on the patient’s physiological 
need for fluids and the current blood loss 
through wound drainage.

Statistical processing was performed in 
Statistica for Windows 6.0. Student’s t-test 
used for significance testing for normally 
distributed parameters, the Kruskal-Wal-
lis test otherwise. Groups were compared 
qualitatively by the odds ratio. For (ap-
proximately) normal distribution, data was 
represented as M±SD, where M is the arith-
metic mean, SD is the standard deviation. 
The difference was deemed significant at 
p<0.05.

The study protocol followed guidelines 
for experimental investigation with human 
subjects in accordance with the Declaration 
of Helsinki and was approved by the ethics 
committee. Written informed consent was 
obtained from each patient (or an official 
representative) before the study.

RESULTS
Compared to data from other authors, 

this study revealed a relatively low AKI 
occurrence rate of 0.2% after major lower 
limb joint replacements. For comparison: 
Helene Peregaard et al. [9] identified AKI 
in 2% of patients that had undergone major 
joint replacement; Parvizi et al. [7] did a 
prospective study of 1,636 patients that had 
undergone primary major joint replacement, 
which found an indicated rate of 0.85%.

All patients stayed in the IC unit after 
surgery until the next morning, and then 
were transferred to the specialized unit. 
Two patients (11.1%) of Group I remained 
in the ICU for further monitoring and treat-
ment as they showed clinical signs of AKI. 
Two patients also showed AKI signs on Day 
1 and had to stay in the ICU in both Group 
II and Group III, where they accounted for 
18.2% and 8.0% of the group, respectively.

In most cases, clinical signs of AKI ap-
peared on Day 2 to 4 after surgery, and the 
patients had to be transferred from their spe-
cialized units back to the ICU. These were 
16 (88.9%) patients in Group I, 9 (81.8%) 
in Group II, and 23 (92.0%) in Group III. 
In general, patients only entered the ICU 
with clinical signs of prerenal AKI on top 
of arterial hypotension and hypovolemia: 
14 (78%) in Group I, 6 (54.5%) in Group II, 
and 15 (60%) in Group III. Note that in all 
the specified clinical cases, infectious endo-
toxicosis with various infectious complica-
tions emerged on Days 2 to 5 after the AKI 
onset. Apparently, AKI manifested before 
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the clinical signs of an infectious process 
in 35 (64.8%) patients.

A different situation was observed in 
some other clinical cases: 3 Group I pa-
tients transferred to the ICU had AKI as 
part of the multiple organ dysfunction syn-
drome on top of an apparent infectious pro-
cess; in Group II, 5 (45.4%) patients had 
infections in multiple organs and systems. 
A similar clinical situation was observed in 
10 (40.0%) Group III patients. Table 3 sum-
marizes the infectious complication data.

According to the latest literature, prer-
enal factors and sepsis cause the most cases 
of AKI, which is consistent with the data 
presented herein. Intergroup comparison in 
terms of infectious complications revealed 
significant difference for sepsis only. Sep-
sis was found in 21 (38.9%) AKI patients. 

Twelve patients (22.2%) had a septic shock. 
Two (3.7%) patients with severe AKI re-
quired continuous renal replacement ther-
apy based on their renal and extrarenal in-
dications (septic shock and ARDS). Four 
patients died: 3 (12%) in Group III and 
1 (9.0%) in Group II.

Consider the factors that were most 
likely to affect the course of AKI. Table 
4 summarizes the key features of the per-
formed surgeries.

As shown in Table 4, no difference 
between groups was observed in terms of 
surgery duration, the anesthesia method, in-
traoperative vasopressor support, or bone 
cement use. However, a statistically signifi-
cant difference was identified in terms of 
mean arterial blood pressure, intraoperative 
blood loss, or blood transfusion.

Table 3
Infectious complications in the study groups

Injection
Groups P-test

(Kruskal-Wallis)I (n=18) II (n=11) III (n=25)
Wound infection 7 (38.8%) 3 (27.2%) 8 (32.0%) 1.0
Pneumonia 3 (16.6%) 2 (18.2%) 3 (12.0%) 1.0
Urinary tract infection 5 (27.7%) 2 (18.2%) 4 (16.0%) 0.9
Sepsis 2 (11.4%) 7 (63.6%) 12 (48.0%) 0.011

Table 4
Key features of the performed surgeries in the patient groups

Feature I II III test
(Kruskal-Wallis)

Duration of surgery (min) 74.4±23.9 77.3±24.0 65.0±32.0 0.5
General anesthesia 0 2 (18.1%) 3 (12.0%) 0.8
Regional anesthesia 16 (88.9%) 7 (63.8%) 21 (84.0%) 0.8
Combined anesthesia 2 (11.1%) 2 (18.1%) 1 (4.0%) 0.8
ABPm, mmHg 89.5±16.8

PI-II<0.05 PI-
III<0.05

74.7±14.7
PI-II<0.05 

PII-III>0.05

74.8±16.1
PIII-I<0.05 
PIII-II>0.05

0.01

Vasopressor support 3 (16.6%) 6 (54.5%) 6 (24.0%) 0.08
Blood loss of more than 20% 
of BV 1 (5.5%) 2 (18.0%) 5 (20.0%) 0.01

Blood transfusion performed 1 (5.5%) PI-
II<0.05

PI-III<0.05

4 (36.3%) 
PII-I<0.05
PI-III<0.05

9 (36.0%) 
PIII-I<0.05
PIII-II>0.05

0.01

Bone cement used 2 (11.0%) 4 (36.3%) 5 (20.0%) 1.0
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Table 5
Severe AKI predictors

Severe AKI risk factor Odds ratio, CI 95% p
CKD 1.5 (0.123 to 1,644) 0.6
AH 4.8 (0.797 to 29.6) 0.3
DM 2.72 (0.296 to 25.425) 0.7
ABPm < 75 mmHg 7.8 (1.9 to 32) <0.05
Intraoperative blood loss in excess of 20% BV 9.6(1.4 to 80) <0.05
Sepsis 8.971 (1.789 to 44.689) <0.05

In Group I, most patients (15 or 83.3%) 
had ABPm of 75 to 100 mmHg, while only 
3 (27.3%) in Group II and 11 (44%) in Group 
III had normal blood pressure. Other patients 
had ABPm of 55 to 70 mmHg, which meant 
low ABPm could be considered a risk fac-
tor for severe postoperative AKI. This is 
consistent with the data of other research-
ers that consider hypotension a significant 
independent AKI development factor and 
demonstrate the correlation of its duration 
and severity with the AKI severity [13].

Blood loss in excess of 20% BV was 
noted in 5.5% of Group II patients, 18.2% 
of Group II patients and 20% of Group 
III patients. As shown in the data, most 
(87.5%) of patients with intraoperative 
operative blood loss in excess of 20% BV 
were in Groups II and III.

Fifteen patients (27.8%) required blood 
transfusion, of whom 93.3% ended up in 
severe AKI groups. In terms of blood trans-
fusion requirement, Groups I and II, I and 
III differed significantly, while Groups II 
and III did not. The literature review did not 
reveal any papers where blood loss would 
be considered an AKI risk factor. The fact 
that the blood loss volume and rate corre-
late directly to hypotension, which is con-
sidered an independent AKI development 
factor, is also important.

Patients’ premorbid data were analyzed 
to find AKI predictors.

Sixty-six percent of them were found to 
have previously had CKD. Peregaard et al. 
[9] dwell upon how CKD affects the clini-
cal outcomes in orthopedics; their study 
identified a statistically significant increase 
in AKI occurrence rates and severity in 
patients who initially had CKD. The pres-
ent study did not identify statistically sig-

nificant differences by this feature between 
the groups.

Numerous papers find that advanced 
age is an independent AKI risk factor [4, 7]. 
However, Sharrock et al. [14] do not believe 
so. Neither does this study support that idea.

Some papers point out that high BMI is 
an independent AKI risk and severity factor 
[15]. Although the patients covered herein 
varied broadly in terms of BMI, ranging 
from 25 to 46, this study does not confirm 
such finding.

Belmont et al. [7] found that high risk 
and severity of AKI after major joint re-
placement independently correlated with 
diabetes mellitus in patients. The present 
study did not identify such correlations.

Some authors recognize arterial hyper-
tension as an AKI risk factor. Most likely, 
it is important that patients with high initial 
systolic and diastolic blood pressure are 
less capable of sustaining blood pressure 
drops during anesthesia induction or in the 
case of the sympathetic blockade [13]. This 
paper clearly shows that all the patients 
covered herein had arterial hypertension as 
an independent disease, and most ended up 
in severe AKI groups, see Table 2.

Let us use the odds ratio (OR), i.e. the 
ratio of factor observation rates in severe 
AKI groups to that in the Stage R group, to 
find the severe AKI risk predictors, see Ta-
ble 5. As shown in Table 5, it is low ABPm 
and significant blood loss, as well as sepsis, 
that should be considered AKI predictors.

CONCLUSIONS
1. AKI had an incidence of 0.2% af-

ter major joint replacements with infec-
tious complications, with severe AKI be-
ing prevalent.
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2. Risk- and severity-defining factors 
are: arterial hypertension, ABPm below 
75 mmHg, blood loss > 20% BV, and sepsis.

3. The manifestation of clinical AKI 
signs after major joint replacement might 
be a precursor of postoperative infectious 
process and sepsis.
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