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The effect of COVID-19 positivity on inflammatory parameters
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Abstract

Purpose To evaluate the effect of COVID-19 positivity on inflammatory parameters and 30-day mortality rates in patients
over 65 years of age who were operated on for intertrochanteric femur fractures (IFF).

Methods Eighty-seven patients (31 males, 56 females) who had a dynamic hip screw (DHS) or proximal femur nail (PFN)
for the IFF between March 2020 and November 2020 were included in the study. The patients were divided into two groups
as COVID-19 confirmed and probable positive (Group 1) and COVID-19 negative (Group 2). Time to surgery, operation
duration, length of hospital stay, 30-day mortality, rates of the intensive care unit (ICU) referral, and inflammatory parameters
such as haemoglobin, CRP, sedimentation, PCT, D-Dimer, and ferritin were evaluated.

Results No significant difference was observed in terms of demographic data such as age, gender, comorbidity, and fracture
type between the groups. Thirty-day mortality, ICU referral rate, blood transfusion rate, and hospitalization period were
higher in Group 1 (p=0.016, p=0.012, p=0.031, and p=0.011, respectively). The inflammatory parameters were higher
in Group 1 compared to Group 2 in the preoperative and postoperative periods (p <0.05).

Conclusion COVID-19 positivity increases inflammatory parameters (as expected) and increases the 30-day mortality and
ICU requirement in patients with surgically treated IFF.
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Introduction

The pandemic caused by the COVID-19 (SARS Cov-2
virus) was first seen in the Hubei province of China in 2019
[1]. Various measures have been taken in our country to
control the effects of the epidemic after the cases started
to appear in March 2020 [2]. Measures such as limiting
elective orthopaedic surgery and restricting people over 65
and under 20 from going out on the streets were among the
measures taken in this context [2]. Although people over
the age of 65 were restricted from going out to the streets,
intertrochanteric femur fractures (IFFs) frequently continued
in elderly patients due to low-energy trauma such as simple
falls. IFFs are an important factor affecting mortality and
morbidity in this patient group because elderly patients are
often accompanied by comorbidities [3]. While IFFs were
treated during the pandemic, COVID-19 positive patients
were operated on in negative-pressure operating rooms and
the surgical team entered surgery with personal protective
equipment [4, 5]. Clinical symptoms, PCR test from oral
and nasopharyngeal swabs, procalcitonin (PCT), C-reactive
protein (CRP), sedimentation (ESR), lactate dehydrogenase
(LDH), D-Dimer, ferritin, and imaging methods (chest radi-
ography and thoracic computed tomography) have been used
for the diagnosis of COVID-19 and patient follow-up [1,
6]. Although the relationship between biochemical values
and disease progression is controversial in the literature, its
clinical use continues [7, 8].

The systemic immune inflammation index (SII) as a
systemic inflammation marker has been used as a prog-
nostic factor in some cancer types and inflammatory dis-
eases in recent years [9, 10]. SII index is calculated by
multiplying the platelet count by the neutrophil count and
dividing by the lymphocyte count [10]. Inflammation is
also known to increase in COVID-19 disease [1]. In our
study, it was evaluated whether the SII index was different
between COVID-19 positive and negative patient groups.

The present study is aimed to evaluate the effect of
COVID-19 positivity on inflammatory parameters, ICU
referral rate, and 30-day mortality rates in patients over
65 years of age who underwent surgery for IFF. We
hypothesized that COVID-19 positive patients would have
a higher hospital stay, time to surgery, mortality, and refer-
ral rates for ICU, and inflammatory parameters.

Material and methods
In this retrospective study, patients over the age of 65

who underwent surgery for IFF between April 2020 and
November 2020 were evaluated after the approval of the
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ethics committee (Ethical committee ID: AB-2020-06-
22T19_03_36 and 2020/326). Patients who underwent
dynamic hip nail (DHS) and proximal femoral nail (PFN)
due to IFF were included in the study. Based on real-time
reverse transcriptase-polymerase chain reaction (PCR)
positivity, clinical symptoms, chest radiographs, and chest
computed tomography (CT) patients were stratified into
COVID-19 positive and COVID-19 negative subgroups.
Suspected COVID-19 patients (PCR negative, + clinical
symptoms, + CT) were accepted as COVID-19 positive. AO/
OTA classification was used in the fracture classification.
Partial hip arthroplasty, total hip arthroplasities, proximal
femoral plate fixation, pathological fractures, patients who
underwent additional surgical treatment other than hip sur-
gery, revision surgery, and patients under 65 years of age
were excluded from the study. The demographic data of the
patients, time to operation, operation duration, hospitaliza-
tion period, the need for blood transfusion, mortality, and
referral rates to ICU were evaluated. PCR test, chest imag-
ing, and blood analysis were performed in all patients sched-
uled for surgery to identify COVID-19 positive patients dur-
ing the pandemic period. Chest radiography was evaluated
routinely. CT was evaluated in addition to chest radiography
in symptomatic patients with symptoms such as high fever,
cough, myalgia, and loss of taste and smell. Inflammatory
parameters such as PCT, CRP, ESR, LDH, D-Dimer, and
ferritin, as well as preoperative and postoperative haemo-
globin, hematocrit, neutrophil, lymphocyte, platelet, sodium,
potassium, PT, aPTT, INR, urea, creatinine, were evaluated.
This was routinely applied both for follow-up of patients
and to protect healthcare providers against false PCR nega-
tivity. Treatment protocols (antiviral drugs, hydroxychloro-
quine, enoxaparin), which were determined by the Ministry
of Health and renewed according to scientific data, were
started for confirmed and probable COVID-19 positive
patients, and the treatment of the patients was planned and
surgical preparations were made by taking them to an iso-
lated service [11-13]. COVID-19 negative patients are fol-
lowed up in the orthopaedic service under normal condi-
tions. 94.25% (n=82) of the patients were operated under
spinal anesthesia, 5.75% (n=15) under general anesthesia.
The preoperative and postoperative laboratory examinations
of the patients were evaluated and checked at 48—72-hour
intervals according to the patients’ clinic and for the follow-
up of the treatment. The patients were encouraged to partial
weight-bearing in the postoperative period.

Statistical analysis
NCSS (Number Cruncher Statistical System) 2007 (Kay-

sville, UT, USA) program was used for statistical analy-
sis. Descriptive statistical methods (median, first quarter,
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third quarter) were used when evaluating the study data.
The suitability of quantitative data for normal distribution
was tested by the Shapiro—Wilk test and graphical exami-
nations. Student’s 7-test was used to compare normally
distributed quantitative variables between two groups and
Mann—Whitney’s U test was used to compare the quan-
titative variables that did not show normal distribution
between the two groups. Dependent groups #-test was used
for in-group comparisons of quantitative variables with
normal distribution. Wilcoxon’s signed-ranks test was used
for intragroup comparisons of quantitative variables that
did not show normal distribution. Pearson’s chi-square

test, Fisher’s exact test, and Fisher-Freeman-Halton’s test
were used to compare qualitative data. Statistical signifi-
cance was accepted as p <0.05.

Results

The demographic features of the patients are presented in
Table 1. No statistically significant difference was found
between COVID-19 positive patients and COVID-19 nega-
tive patients between age, gender, time to surgery, operation
duration, postoperative femoral neck-shaft angle, SII index,

Table 1 Demographic features
of patients

COVID (-) COVID (+) p
Age (year) Mean +SD 79.0+124 79.5+14.9 “0.863
Gender Male 22 (34.9) 9(37.5) b0.822
Female 41 (65.1) 15 (62.5)
Operation duration (min) Ort+Ss 64.0+9.7 67.5+11.1 “0.157
Time to surgery (hours) Median (Q1-03) 28 (24-36) 34 (31-52) €0.479
Hospitalization period (day) Median (Q1-03) 9 (7-11) 11 (8.5-15.5) €0.011*
Femur head-neck angle Mean +SD 113+1.7 11.6+2.1 “0.523
SII index Mean+SD 1728.8+1195.8 1578.5+765.1 0.45
n (%) n (%)
ASA 1 1(1.6) 0(0) 40.688
I 16 (25.4) 4(16.7)
I 46 (73) 20 (83.3)
Fracture type A01.1 3(4.8) 0(0) 40.063
A01.2 7(11.1) 14.2)
A01.3 2(3.2) 0(0)
A02.1 16 (25.4) 5(20.8)
A02.2 11 (17.5) 10 (41.7)
A02.3 12 (19) 2(8.3)
A03.1 3(4.8) 4 (16.7)
A03.3 9(14.3) 14.2)
A2.2 0(0) 14.2)
PCR Negative 63 (100) 11 (45.8) b0,031*
Positive 0(0) 13 (54.2)
Chest CT Negative 63 (100) 2 (8.3) b0,031*
Positive 0(0) 22 (91.7)
Treatment No 63 (100) 4(16.7) 50,031+
Yes 0(0) 20 (83.3)
Comorbidity No 20 (31.7) 6 (25) 50.460
Hipertension 15 (23.8) 5(20.8)
Diabetes mellitus 19 (30.2) 6 (25)
Others (stroke, chronic renal 9(14.3) 7(29.2)

failure, etc.)

Student’s 7 test
PPearson’s chi-square test
“Mann-Whitney’s U test

dFisher-Freeman-Halton’s test

*p<0.05
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ASA score, fracture type, and comorbidities (p >0.05). The
hospitalization period, need for blood transfusion, referral
to ICU, and the mortality rate was found to be statistically
high in COVID-19 positive patients (p=0.011, p=0.031,
p=0.012, and p=0.016, respectively) (Tables 1 and 2).
Preoperative and postoperative haemoglobin measure-
ments and changes in measurements according to COVID-
19 positivity do not show a statistically significant difference
(p>0.05). Postoperative haemoglobin decrease was found to
be statistically significant in both COVID-19 negative and
COVID-19 positive patients compared to preoperative val-
ues (p=0.001). No statistically significant difference was
found between the preoperative neutrophil to lymphocyte
rate (NLR) of the patients according to COVID-19 positiv-
ity (p> 0.05). The postoperative NLR of COVID-19 nega-
tive patients was statistically significantly lower than the
COVID-19 positive patients (p=0.010). The decrease in
postoperative NLR in COVID-19 positive patients com-
pared to preoperative NLR was found to be statistically
significant (p =0.002). The change in postoperative NLR
in COVID-19 positive patients compared to preoperative
was statistically significantly lower than COVID-19 nega-
tive patients (p =0.007). Preoperative and postoperative
LDH values of COVID-19 negative patients were statisti-
cally significantly lower than COVID-19 positive patients
(p=0.009 and p=0.011, respectively). The preoperative
and postoperative AST to ALT ratios of the patients do
not show a statistically significant difference in terms of
COVID-19 positivity (p>0.05). The increase in postop-
erative AST/ALT ratio in COVID-19 negative patients and
COVID-19 positive patients compared to preoperative AST/
ALT ratio was found to be statistically significant (p =0.001
and p=0.013, respectively). The postoperative D-dimer of
COVID-19 negative patients was statistically significantly
lower than COVID-19 positive patients (p =0.005). The
decrease in postoperative D-dimer of COVID-19 negative

Table 2 Evaluation of mortality rate, ICU referral rate, and blood
transfusion rate between the COVID-19 positive and COVID-19 neg-
ative patients

COVID (-) COVID(+) p
n (%) n (%)
Blood transfusion ~ No 29 (46.0) 5(20.8) 50.031*
Yes 34 (54.0) 19 (79.2)
ICU referral No 60 (95.2) 18 (75) 80.012%
Yes 3(4.8) 6 (25)
Exitus No 61 (96.8) 19 (79.2) 80.016%*
Yes 2(3.2) 5(20.8)

PPearson’s chi-square test
EFisher’s exact test
“p<0.05, *#p <0.01
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patients compared to preoperative D-dimer was found to be
statistically significant (p =0.015). The change in postop-
erative D-dimer of COVID-19 negative patients compared
to preoperative D-dimer was statistically significantly lower
than COVID-19 positive patients (p =0.007). The increase
in postoperative total protein to albumin rate in COVID-
19 negative and COVID-19 positive patients compared to
preoperative total protein to albumin rate was found to be
statistically significant (p =0.045 and p =0.001). The post-
operative CRP, ESR, PCT, and ferritin values of COVID-19
negative patients were statistically significantly lower than
COVID-19 positive patients (p=0.001, p=0.001, p=0.035,
and p=0.011, respectively). The increase in postoperative
CRP, ESR, PCT, and ferritin values of COVID-19 negative
and COVID-19 positive patients compared to preoperative
values was found to be statistically significant (p =0.001;
p=0.001, p=0.023, and p=0.001, respectively). The
change in post-op CRP, ESR, and ferritin values of COVID-
19 negative patients compared to preoperative values was
statistically significantly lower than COVID-19 positive
patients (p =0.001, p=0.007, and p=0.001, respectively).
The increase in postoperative PCT value of COVID-19 nega-
tive patients compared to preoperative values was found to
be statistically significant (p =0.035) (Table 3).

Discussion

The presented study evaluated the demographic character-
istics, duration of hospitalization, blood transfusion rates,
mortality, morbidity, and inflammatory parameters in blood
values of COVID-19 positive patients over 65 years of age
who underwent surgery due to IFF during the pandemic
period, and compared with COVID-19 negative patients.
Patients over 65 years of age who suffer from hip fractures
often have additional diseases and hip fracture affects mor-
tality and morbidity in those patients [14]. COVID-19 also
increases mortality and morbidity in this patient group, as it
adversely affects the respiratory system [15]. Although it is
stated that the postoperative 30-day mortality rate is 7-15%
in the COVID-19 negative population, this rate reaches up
to 40% in the COVID-19 positive patients [16, 17]. In our
study, 20.8% of COVID-19 positive patients died, while 25%
were referred to ICU. While 3.2% of COVID-19 negative
patients died, 4.8% were referred to the ICU. The COVID-19
positive patients’ ex rate was found to be more than six times
higher than the COVID-19 negative patients.

The literature shows that COVID-19 positive patients
have longer surgical and hospital stays compared to COVID-
19 negative patients [18]. Management of COVID-19 posi-
tive patients and their need for additional treatments such as
respiratory support in the postoperative period extend the
hospitalization period [19, 20]. In addition, the duration of
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Table 3 Evaluation of biochemical analysis between the COVID-19 positive and COVID-19 negative patients
COVID (-) COVID (+) D

Preoperative Hb (gr/dl) Mean+SD 11.3+1.7 11.6+2.1 “0.461
Postoperative Hb (gr/dl) Mean+SD 10.0+1.5 9.7+1.6 “0.415

p €0.001 %+ €0.001%* ‘0.131
Preoperative Neutrophil/lymphocyte ratio (10e3/uL) Median (Q1-03) 6.7 (4.8-10.5) 7.7 (3-11.5) °0.947
Postoperative Neutrophil/lymphocyte ratio (10e3/uL) Median (Q1-Q03) 8 (4.5-10.7) 11.6 (7-17.1) €0.010*

p f0.527 10.002:+ 0,007
Preoperative LDH (U/L) Median (Q1-Q3) 223 (161-269) 290 (207-352.5) €0.009%*
Postoperative LDH (U/L) Median (Q1-Q3) 215 (165-282) 258.5 (205.5-338) €0.011*

p f0.331 f0.742 0.962
Preoperative urea (mg/dl) Median (Q1-03) 48 (36-73) 48 (39-68.5) €0.928
Postoperative urea (mg/dl) Median (Q1-03) 59 (38-80) 60 (35-92.5) “0.393

p 10038+ f0.011+* 0.117
Preoperative AST/ALT (U/L) Mean+SD 1.8+0.6 1.7+0.7 “0.577
Postoperative AST/ALT (U/L) Mean +SD 25+14 25+1.7 “0.990

p €0.001+* €0.013* €0.966
Preoperative LDL (mg/dl) Median (Q1-0Q3) 128 (97-150) 125 (111-172) “0.659
Postoperative LDL (mg/dl) Median (Q1-Q3) 124 (92-150) 125.5 (88-172.5) €0.905

p 10.055 f0.884 0.138
Preoperative D-Dimer (ug/L) Median (Q1-Q3) 1.2 (0.5-2.5) 2(1.2-3.4) €0.062
Postoperative D-Dimer (ug/L) Median (Q1-Q3) 1.1 (0.4-2.1) 22(1.2-34) €0.005%**

p 10.015+ 10.932 0.052
Preoperative T-Prot/Alb (g/L) Mean + SD 1.81+0.18 1.80+0.19 “0.766
Postoperative T-Prot/Alb (g/L) Mean +SD 1.86 £0.20 1.94+0.17 “0.098

P €0.045* €0.001** 0.109
Preoperative CRP (mg/dl) Median (Q1-Q3) 9 (3-36) 6 (2-56.5) 0.853
Postoperative CRP (mg/dl) Median (Q1-Q3) 27 (11-81) 149.5 (97-245.5) €0.001**

p 10.001+ 10.001++ €0.001
Preoperative ESR (mm/h) Median (Q1-Q3) 11 (6-14) 24.5 (15-28) €0.001**
Postoperative ESR (mm/h) Median (Q1-03) 15 (8-19) 29.5 (23-38) €0.001**

p 10.001* 10.001 7+ €0.007
Preoperative PCT (ng/mL) Median (Q1-Q3) 0.1 (0.1-0.2) 0.1 (0.1-0.3) ‘0.479
Postoperative PCT (ng/mL) Median (Q1-Q3) 0.1 (0.1-0.3) 0.2 (0.1-0.5) €0.035*

p 10.035+ f0.232 0.369
Ferritin (pre-treatment) pg/L Median (Q1-Q3) 148 (89-195) 161.5 (63-265) °0.462
Ferritin (post-treatment) pg/L Median (Q1-03) 170 (90-200) 2717.5 (132.5-361.5) €0.011*

p 10023+ 10.001+ €0.001

Abbreviations: Hb hemeglobin, LDH lactate dehydrogenase, AST aspartateaminotransferase, ALT alanine aminotransferase, LDL low density

lipoprotein

Student’s # test
“Mann-Whitney’s U test
°Paired samples test
fWilcoxon’s signed-ranks test
*p<0.05, ¥*p <0.01

the surgery is prolonged since COVID-19 positive patients
are operated on in negative-pressure rooms in the theatre
and by surgeons dressed with special equipment [18]. In our
study, while the hospitalization periods of COVID-19 posi-
tive patients were found to be longer, the operation duration

was found similar to COVID-19 negative patients. We think
that the items below are shortened the duration of surgery
(a) keeping COVID-19 positive and COVID-19 negative
patients in separate departments, (b) performing all prepa-
rations and postoperative wake-up procedures in the same

@ Springer
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room when COVID-19 positive patients are taken into the
operating room, (c) taking limited staff into the room and
providing the necessary materials with additional medical
personnel outside the operation room.

Several studies evaluating the parameters that correlate
with the course of COVID-19 have shown that CRP, NLR,
and ESR, which are frequently used as inflammation mark-
ers, increase in COVID-19 positive patients [6, 8]. In addi-
tion, ferritin, LDH, PCT, and D-Dimer also increase in the
course of the disease in COVID-19 positive patients [21].
These parameters are also used in the clinical follow-up of
the patients, to evaluate the progression of the disease and
the response to treatment. The present study showed that
PCT, ferritin, LDH, CRP, ESR, and NLR were higher in
COVID-19 positive patients compared to COVID-19 nega-
tive patients. Although there was no statistically signifi-
cant difference in haemoglobin values between COVID-19
positive patients and COVID-19 negative patients, it was
observed that haemoglobin was low in the postopera-
tive period in both patient groups. In COVID-19 positive
patients, the need for blood transfusion was determined
more than in COVID-19 negative patients. We think that
more blood transfusions are performed because COVID-
19 positive patients are haemodynamically more unstable.
In the literature, the severity of the disease in COVID-19
positive patients has been associated with various param-
eters such as age, comorbidities, CRP, ESR, neutrophil and
lymphocyte count, PCT, and albumin [22, 23]. In the cur-
rent study, it was observed that inflammation parameters
were high in COVID-19 positive patients. Since elderly
patients were evaluated in the present study, no difference
was found between the COVID-19 positive and COVID-
19 negative patients in terms of age and comorbidity rates.
COVID-19 positivity is not the only parameter that causes
high CRP and increased NLR in COVID-19 patients, trauma
and comorbidities are also affecting CRP and NLR [24].
Although COVID-19 inflammation with increased CRP and
increased NLR is associated with higher ASA classification
and higher comorbidity rate, no significant difference was
observed between COVID-19 positive and negative patients
in terms of ASA classification in the present study. Also, the
SSI index was shown as a new marker in recent years and
it correlates as a prognostic marker in some cancer types
in the literature [9, 10]. Because of the systemic inflam-
mation SII index increases. In the current study, we did not
consider any difference between groups. Although COVID-
19 provides a systemic inflammation, both groups have a
traumatic hip fracture. Our opinion is due to this trauma
SII index ratio similar in both groups. The limitations of
our study are the small number of patients, short follow-up
times, and retrospective design. However, the strength of our
study is to examine patients over 65 years of age who were
operated on for an isolated IFF. The present study is a pilot
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study evaluating 30-day mortality rates of the patients who
underwent surgery for proximal femur fractures. As a result
of long-term studies and studies with larger patient groups,
it would be appropriate to evaluate the long-term effects of
COVID-19 positivity.

In conclusion, urgent surgical treatment of elderly
COVID-19 positive and COVID-19 negative patients and
the use of inflammatory parameters in the course of COVID-
19 positive patients are important. It should be taken into
account that COVID-19 positive patients may stay in the
hospital for a longer period and the risk of 30-day mortality
is higher.
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