
Perioperative acute kidney injury (AKI) is a common compli-
cation with range of incidence between 5% and 47% [1,2]. 

This complication is associated with increased morbidity and 
mortality. The risk factors of perioperative AKI depend on one 
hand on the type of surgery, and on the other hand on patient 
characteristics. Different types of AKI share common risk fac-
tors. The most common risk factors for perioperative as well as 

other types of AKI are older age chronic kidney disease cardio-
vascular disease and other chronic conditions [1-4].

Hip fracture is common in elderly patients and is associated 
with high morbidity mortality and decreased quality of life. Risk 
factors for increased mortality are older age, male gender, low 
functional status, cognitive impairment, and complex co-mor-
bidity [3-7]. In recent years AKI had also been reported to affect 
the rate of complications and survival in this patient group [3,4]. 
Older age and co-morbidities are by themselves risk factors for 
the development of AKI [1,2,8]. In 2013, timing of hip fracture 
surgery was defined as a quality measure in the Israeli health 
system. A benchmark of 85% of surgeries within 48 hours after 
admission was set [9].

Reports from Israel indicate that nutritional status, function-
al status, cognitive impairment, and age are all associated with 
increased mortality in patients with hip fracture [6] but data on 
AKI in this group is limited [10].

The aim of our study was to investigate the rate of AKI and 
the risk factors for its development in all patients undergoing 
hip fracture surgery and its impact on survival, timing of surgery 
and length of hospitalization.

This is a retrospective cohort study of patients who underwent 
hip fracture surgery at the Hillel Yaffe Medical Center from 
June 2013 to December 2017. Patients were included if they 
had at least two values of serum creatinine (SCr) level: the first 
at admission and at least one later value. AKI was defined ac-
cording to KDIGO guidelines [11].

Descriptive statistics in terms of mean, standard deviation, me-
dian, percentage and ranges were performed for all parameters. 
Kolmogorov Smirnov test was used to test normal distribution 
of quantitative parameters. Differences between groups for the 
quantitative parameters were tested by -test or Mann Whitney 
U. For the categorical parameters we used the Fisher exact test. 
Multivariate logistic regression analysis was applied to deter-



mine the effect of independent parameters on death at 30 days 
and one year and on time from admission to surgery of more 
than 48 hours. Statistical analyses were performed using IBM 
Statistical Package for the Social Sciences statistics software, 
version 25 (SPSS, IBM Corp, Armonk, NY, USA).  < 0.05 was 
considered significant.

The study was comprised of 511 patients. Mean age was 72.6 
years, 325 (63.4%) were male, 151 (29.5%) had chronic kidney 
disease (baseline eGFR < 60 ml/min/1.73 m2), 162 (31.5%) pre-
sented with diabetes mellitus, 295 (57.7%) with hypertension, 
and 159 (31.1%) with heart disease; 87 patients (17%) devel-
oped AKI with median SCr rise of 0.6 mg%. 

Older age, chronic kidney disease, diabetes, hypertension, 
and heart disease were significantly more common in patients 
with AKI [Table 1].

Overall, 21 (4.1%) of the patients died at 30 days: 9 patients 
(10.3%) with AKI and 12 (2.8%) without AKI ( < 0.0001). Af-

ter 1 year, 62 patients (12.1%) had died: 20 (23%) with AKI and 
42 (9.9%) without AKI ( < 0.0001).

Patients with AKI had increased risk of 30 days mortality (haz-
ard ratio [HR] 3.96, 95% confidence interval [95%CI] 1.62–9.7, 

= 0.003) and mortality at one year (HR 2.72, 95%CI 1.5–4.9, 
= 0.002).In multivariate analysis older age and delayed surgery 

were independent predictors of mortality. AKI was not identified 
as an independent predictor of mortality [Table2].

Hip surgery was delayed in 26 patients (29.9%) with AKI 
and 50 (11.8%) without. In multivariate analysis AKI was as-
sociated with surgery delay for more than 48 hours (HR 2.241, 
CI 1.206–4.165, = 0.011). Among 26 patients with AKI and 
delayed surgery -18 patients (69%) had established AKI before 
surgery and in 8 patients (31%) AKI was diagnosed after the 
surgery. Chronic kidney disease and heart disease were indepen-
dent predictors of delayed surgery [Table3].

Patients with AKI had longer hospitalization with mean LOS 
of 10.9 days and 8 days in patients with and without AKI ( < 
0.0001).

We found that for patients hospitalized with hip fracture, the 
development of AKI was associated with delay of surgery, with 
longer hospital stay and with increased mortality at 30 days and 
one year post surgery. In our cohort, AKI occurred in 17% of our 
patients. The reported incidence of AKI in this patient popula-
tion is between 15.3–25%. This rate may be influenced by the 
definition of AKI, the design of the study, and the investigated 
cohort [5,6,8,10,12-13]. We may have underestimated this rate 
because of retrospective data collection.

Patients who developed AKI were older and had higher rates 
of chronic kidney disease, diabetes, hypertension, and heart dis-
ease than patients without AKI. These co-morbidities are report-
ed as risk factors for AKI in hip fracture patients [5-8,10,12] and 
also in other perioperative and medical clinical settings [1-3,14]. 
The causes for deterioration of renal function may be multifac-
torial and include diminished renal physiological reserve due 
to older age [15], hemodynamic instability, volume depletion, 
infection, or exposure to nephrotoxins [10,13,14]. The increased 
mortality can be associated with other organ system dysfunc-
tions that are common in AKI [14]. 

The median rise in SCr in our AKI group was 0.6 mg%. 
Almost 50% of the patients with AKI had an even smaller in-
crease in their SCr. Similar findings were reported in other med-
ical and surgical patient populations [16,17]. It seems that even a 
small increase in SCr, which in some cases is only slightly above 
the normal level, could be associated with adverse outcomes.

In the AKI group we found higher short- and long-term mor-
tality rates when compared to the non-AKI group. This finding 
has been reported in other patient cohorts [5,6,8,10,12-14]. The 
long-term impact of AKI may even extend for a longer period 



up to several years [5]. In some studies, AKI was found to be 
an independent predictor of mortality [5]. We did not establish 
this relationship in our cohort. A possible explanation is the in-
terrelation between the complex co-morbidities in this patient 
population, where multiple risk factors for AKI are, at the same 
time, risk factors for mortality. Either way, a rise in SCr is an 
easily attainable prognostic clue that may warrant closer moni-
toring and intervention during hospitalization for a hip fracture.

Early surgery in elderly hip fracture patients is associated 
with better outcomes, shorter hospitalization, and lower mor-
tality rate [18] and is an established quality measure in Israel. 
We found that AKI was associated with delayed surgery. For 
the group of patients with delayed surgery and AKI, 69% were 
diagnosed with AKI prior to surgery; thus, AKI could have con-
tributed to this delay. However, in the other 31%, AKI was di-
agnosed post-surgery. It is possible that the same factors that 
caused the delay in surgery also had a role in the development 
of AKI. Our findings cannot establish causality between AKI 
and delayed surgery. The design of our study did not enable us 

to investigate whether for patients with AKI, a different time 
frame for surgery is appropriate. We believe these issues must 
be further investigated prospectively.

Due to its retrospective design, we may have missed patients 
with AKI who did not have their SCr measured at least two 
times. We may have also overlooked other factors by not con-
sidering specific interventions. We included patients from only 
one medical center, so outcomes could have been influenced by 
local determinants. 

AKI is a common complication in patients with hip fracture and 
is associated with increased short and long-term mortality, de-
layed surgery, and longer hospitalization. Further investigation 
is needed to evaluate specific Interventions aimed at identifying 
and monitoring patients at risk, and to what extent these inter-
ventions may contribute to improving outcomes.



In a phase 1–2 trial, George and co-authors infused an 
investigational adeno-associated viral (AAV) vector (SPK-
8011) for hepatocyte expression of factor VIII in 18 men 
with hemophilia A. Four dose cohorts were enrolled (from 
5 × 1011 vector genomes (vg) per kilogram of body weight, 
to 2 × 1012). Some participants received glucocorticoids 
within 52 weeks after vector administration either to 
prevent or to treat a presumed AAV capsid immune 
response. The median safety observation period was 36.6 
months (range 5.5–50.3). A total of 33 treatment-related 
adverse events occurred in 8 participants; 17 events were 
vector-related, including 1 serious adverse event and 16 
were glucocorticoid-related. Two participants lost all factor 
VIII expression because of an anti–AAV capsid cellular 

immune response that was not sensitive to immune 
suppression. In the remaining 16 participants, factor VIII 
expression was maintained; 12 of these participants were 
followed for more than 2 years, and a one-stage factor 
VIII assay showed no apparent decrease in factor VIII 
activity over time factor VIII activity, 12.9 ± 6.9% of the 
normal value at 26 to 52 weeks when the participants 
were not receiving glucocorticoids vs. 12.0 ± 7.1% of the 
normal value at > 52 weeks after vector administration. 
The participants had a 91.5% reduction in the annualized 
bleeding rate before vector administration vs. 0.3 events 
per year after vector administration).

Understanding the molecular mechanisms of the 
increased transmissibility and immune evasion of severe 
acute respiratory syndrome coronavirus-2 (SARS-
CoV-2) variants is critical to guiding current and future 
intervention strategies. Zhang et al. determined cryo-
electron microscopy structures of the full-length spike 
protein trimers of the Delta, Kappa, and Gamma variants 
of SARS-CoV-2 and studied their function and antigenic 
properties. The Delta spike protein fused membranes 
more efficiently at low levels of the cellular receptor 
ACE2, and its pseudotyped viruses infected target cells 

substantially more rapidly than all other variants tested, 
possibly at least partly accounting for its heightened 
transmissibility. Mutations of each variant rearranged the 
antigenic surface of the N-terminal domain of the spike 
protein but only caused local changes in the receptor-
binding domain, consistent with greater resistance to 
neutralizing antibodies. These findings elucidate the 
molecular events that have led these viruses to adapt in 
human communities and to evade host immunity.


