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Abstract. Study Objectives: Several studies have evaluated CT pulmonary angiography of COVID-19 pa-
tients and reported a 7%—30% increase in the incidence of pulmonary embolism. In this study, it was aimed
to investigate the effect of fluid therapy on coagulation in COVID-19 patients in the intensive care unit.
Methods: This retrospective study included 120 patients hospitalized in the COVID-19 Intensive Care Unit
for more than one week, between August 2020 and February 2021. Blood prothrombin time (PT), activated
partial thromboplastin time (aPTT), international normalized ratio (INR), fibrinogen, troponin, D-dimer
levels, platelet count measured at the time of admission (T1, baseline) and one week after admission (T2),
and the fluid treatments administered during this period were recorded. Patients were divided into the saline
solution (SS) group (n=75), 0.45% saline solution group (0.45%, n=30), and combined fluid therapy group
(55+0.45%, n=15). Results: The change in PT was statistically significant for the SS group (p = 0.005), but
not for the 0.45% and SS+0.45% groups (p = 0.625, p = 0.262, respectively). In the SS group, the aPTT levels
increased posttreatment (p = 0.005). INR levels were significantly different between SS and SS+0.45% groups
(p = 0.008). In the SS group, the INR levels increased between T1 and T2 (p = 0.014). In the SS group, the
D-dimer levels significantly increased posttreatment. Conc/usion: The D-dimer levels were prominent in the
follow-up of the COVID-19 patients. Accordingly, using SS for fluid therapy may increase hypercoagulation
and the risk of an embolism when compared to the SS, 0.45%, and combined (S5+0.45%) treatment.
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Introduction

Coronavirus disease 2019 (COVID-19), caused
by severe acute respiratory syndrome coronavirus-2
(SARS-CoV-2), was declared a global pandemic by
the World Health Organization (WHO) in March
2020. A growing body of evidence has suggested that
coagulopathy is common in patients with COVID-19
(1-3). In addition, thromboembolic events are preva-
lent in the setting of COVID-19. Several studies have
evaluated the computed tomography (CT) pulmo-
nary angiographies of COVID-19 patients who did

or did not receive anticoagulant therapy and reported
a 7%-30% increase in the incidence of pulmonary em-
bolism (4,5). A systematic review of lower extremity
ultrasounds of COVID-19 patients in the intensive
care unit (ICU) demonstrated deep vein thrombosis
in 69%-85% of the patients, despite anticoagulant
therapy (6-8).

A better understanding of the characteristics of
the SARS-CoV-2 virus and the pathophysiological
mechanisms associated with coagulopathy, together
with the autopsy findings of COVID-19 patients,

have shown that the pulmonary vascular occlusions
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consisted of both immunothrombosis and pulmo-
nary thromboembolism in this population (9-12).
To the best of our knowledge, there are no studies
on the impact of fluid therapy on coagulation in
COVID-19 patients. In this study, it was aimed to
investigate the effects of fluid therapy on coagulation
in COVID 19 patients in the ICU of Anesthesiology
and Reanimation Department of Erzincan Binali
Yildirim University.

Material and Method
Participants

The study included 120 patients hospitalized
in the COVID-19 Intensive Care Unit of Anes-
thesiology and Reanimation Department for more
than one week, between August 2020 and February
2021. Blood prothrombin time (PT), activated par-
tial thromboplastin time (aPTT), international nor-
malized ratio (INR), fibrinogen, troponin, D-dimer
levels, and platelet count measured at the time of
admission (T'1, baseline) and 1 week after admission
(T2), and the fluid treatments administered during
this period were recorded. After reviewing the file
records, patients were divided into 3 groups; as sa-
line solution group (SS group, n=75), 0.45% saline
solution group (0.45% SS group, n=30), and com-
bined fluid therapy group (S5+0.45% group, n=15).
All of the patients were given enoxaparin sodium for
anticoagulation. Patients with sepsis or septic shock
were excluded.

This retrospective study was done in the
COVID-19 Intensive Care Unit of Anesthesiol-
ogy and Reanimation Department of Erzincan Bi-
nali Yildirim University. This study was approved by
the Ethics Committee of Erzincan Binali Yildirim
University Faculty of Medicine (approval number:
E-21142744-804.99-70874).

Data Collection

All data were collected in the Intensive Care Unit
of Anesthesiology and Reanimation Department of
Erzincan Binali Yildirim University.

Statistical Analysis

Data were analyzed using IBM SPSS Statis-
tics for Windows 22 (IBM Corp, Armonk, NY,
USA). Descriptive statistics were presented as the
mean#standard deviation or median (minimum-max-
imum). Normality of distribution was tested with the
Shapiro-Wilks test. Normally distributed data were
compared with one-way ANOVA. The Bonferroni test
was used as a post hoc test to determine the source of
any resulting significant difference. Non-normally dis-
tributed data were compared with the Kruskal-Wallis
test, and the Dunn test was used as a post hoc test to
determine the source of the resulting significant differ-
ences. Pre-post changes were analyzed with dependent
samples t-test or Wilcoxon signed-rank test depend-
ing on the distribution. A p-value <0.05 was accepted
as statistically significant.

Results

There were 120 patients, comprising 75 in the SS
group, 30 in the 0.45% group, and 15 in the S5+0.45%
group. All of the patients, 76 were male (63.3%) and
44 were female (36.7%). The mean age was 72.7+11.1
years (range: 22-92).

When the blood parameters were examined,
the baseline (T'1, p = 0.816) and posttreatment (T2,
p = 0.255) PT levels were statistically similar for the
3groups. In Figure 1 the change in the PT was statisti-
cally significant for the SS group (p = 0.005), but not for
the 0.45% and SS+0.45% groups (p = 0.625, p = 0.262,
respectively).

In Figure 2 the baseline (p = 0.144) and T2
(p = 0.357) aPTT levels of the 3groups were not sta-
tistically different. In the SS group, the aPTT levels
increased posttreatment (p = 0.005). There was no sig-
nificant change in the 0.45% and SS+0.45% groups.

In Figure 3 the baseline INR measurements were
similar between the 3 groups (p = 0.316), whereas the T2
INR levels were significantly different (p = 0.028). The
pairwise post hoc comparisons revealed a statistically sig-
nificant difference between the SS and SS+0.45% groups
(p = 0.008). In the SS group, there was a significant in-
crease in the INR levels between T1 and T2 (p = 0.014).
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Figure 1. Comparison of PT levels change between three groups
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Figure 3. Comparison of INR levels change between three
groups

In Figure 4 the baseline platelet levels of the 3
groups were similar (p = 0.366). There was no signifi-
cant change in the platelet levels between T1 and T2.
The T1 and T2 fibrinogen and troponin values were
not significantly different between the groups. Simi-
larly, there was no significant change between T1 and
T2 in any of the groups.

In Figure 5 the baseline and T2 D-dimer meas-
urements of the 3 groups were not statistically signifi-
cantly different. In the SS group, the D-dimer levels
significantly increased posttreatment (p = 0.010).
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Figure 2. Evaluation of aPTT levels
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Figure 4. Comparison of platelet count (Plt) change between
three groups

Discussion and Conclusion

In the literature, one study found the incidence
of venous thrombotic complications to be 23% versus
7.9% among patients who were admitted versus those
who were not admitted to the ICU. More importantly,
thrombotic complications were associated with mor-
tality in COVID-19 patients (13,14).

Like many ICU patients, COVID-19 patients do
not often require the transfusion of blood products,
but they do require significant amounts of crystalloids
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Figure 5. Evaluation of D-dimer levels

over days or weeks in the ICU. Which liquid is the
most effective and safe? Since hypercoagulability and
complications are increased in this population, we
aimed to investigate the answer to the question, which
fluid therapy is more frequently associated with hyper-
coagulability in the ICU?

Surgical guidelines recommend Ringer’s lactate
(RL) solution due to hyperchloremic metabolic acido-
sis associated with SS 0.9% (15). However, it is known
that this recommendation is based on randomized tri-
als without strong evidence. SS contains 0.9% sodium
chloride (9 g/L). The osmolarity of saline is approxi-
mately 300 mOsm/L (154mEq/L Na+and Cl-) and
is also sometimes referred to as physiological saline or
isotonic saline (16).

Recently, the safety of saline solution has come
into question due to short-term storage and washing
of red blood cells, particularly in patients in critical
condition. Although there is no conclusive evidence, it
is argued that SS can disrupt kidney function, as well
as cause hyperchloremic metabolic acidosis (17-20).

In a sheep model of peritoneal sepsis, animals
resuscitated with SS had more severe acidosis and
lower cardiac output, lower microcirculatory perfu-
sion, and lower muscle oxygenation when compared
to animals receiving similar volumes of lactated
Ringer’s or Plasma-Lyte. Mortality was lower in the
Lactated Ringer group when compared to the normal
saline group (21). Similarly, when human saphenous

vein grafts were stored in normal saline for 2 hours, the
grafts exhibited increased graft injury, decreased vi-
ability, and increased endothelial cell dysfunction (22).

In the current study, the PT, aPTT, and INR val-
ues increased statistically between T1 and T2 in the SS
group. This difference was not statistically significant
in the 0.45% and SS+0.45% (0.675%) groups. Smith et
al. stated that SS administration may indirectly impair
the coagulation mechanism and cause coagulopathy in
trauma patients. In addition, this coagulopathy may be
a result of hyperchloremic acidosis caused by SS ad-
ministration (23). This finding was consistent with the
results herein.

The D-dimer values significantly changed be-
tween T1 and T2 only in the SS group. In the SS
group, the T2 measurements were prominently higher
when compared to T1. Ramesh et al. stated that the
mortality rate was associated with D-dimer levels
in COVID-19 patients and that D-dimer levels in-
creased inversely with decreasing eGFR levels, espe-
cially in patients with severe disease. This finding was
ascribed to the reduced renal clearance of products of
the coagulation cascade, resulting in increased D-di-
mer levels (24).

Due to the coagulopathy associated with hyper-
chloremic acidosis induced by SS administration and
the decreased renal function in severe COVID-19 pa-
tients, the PT, aPT'T, INR, and D-dimer levels were sig-
nificantly increased between T1 and T2 in the SS group.

In conclusion, due to hypercoagulation and the as-
sociated complications, D-dimer levels are prominent
in the follow-up of COVID-19 patients. Accordingly,
using SS for fluid therapy may increase hypercoagu-
lation and the risk of an embolism compared to SS

0.45% and combined (SS+0.45%) treatment.
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