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ABSTRACT

Background: Nafamostat mesilate (NM), a broad-spectrum and potent serine protease inhibitor,
can be used as an anticoagulant during extracorporeal circulation, as well as a promising drug
effective against coronavirus disease 2019 (COVID-19). We conducted a systematic meta-analysis
to evaluate the safety and efficacy of NM administration in critically ill patients who underwent
blood purification therapy (BPT).

Methods: The Cochrane Library, Web of Science and PubMed were comprehensively searched
from inception to August 20, 2021, for potential studies.

Results: Four randomized controlled trials (RCTs) and seven observational studies with 2723
patients met the inclusion criteria. The meta-analysis demonstrated that conventional therapy
(CT) significantly increased hospital mortality compared with NM administration (RR = 1.25,
p=10.0007). In subgroup analyses, the in-hospital mortality of the NM group was significantly
lower than that of the anticoagulant-free (NA) group (RR = 1.31, p=0.002). The CT interventions
markedly elevated the risk ratio of bleeding complications by 45% (RR = 1.45, p=0.010) com-
pared with NM interventions. In another subgroup analysis, NM used exhibited a significantly
lower risk of bleeding complications than those of the low-molecular-weight heparin (LMWH)
used (RR = 4.58, p=0.020). The filter lifespan was decreased significantly (MD = —10.59,
p <0.0007) in the NA groups compared with the NM groups. Due to the poor quality of the
included RCTs, these results should be interpreted with caution.

Conclusion: Given the better survival outcomes, lower risk of bleeding, NM anticoagulation
seems to be a safe and efficient approach for BPT patients and could yield a favorable filter life-
span. More multi-center RCTs with large samples are required for further validation of this study.

Abbreviations: NM: Nafamostat mesilate; COVID-19: Coronavirus disease 2019; SARS-CoV-2:
Severe acute respiratory syndrome coronavirus 2; BPT: Blood purification therapy; CT:
Conventional therapy; LMWH: Low-molecular-weight heparin; ICU: Intensive care unit; MODS:
Multiple organ dysfunction syndrome; HVHF: High-volume hemofiltration; CPFA: Coupled plasma
filtration adsorption; HCO: High-cutoff; UFH: Unfractionated heparin; HIT: Heparin-induced
thrombocytopenia; C: Citrate; NA: Anticoagulant-free; CRRT: Continuous renalreplacement ther-
apy; RRT: Renal replacement therapy; CVVH: Continuous venovenous hemofiltration; CVVHD:
Continuous venovenous hemodialysis; PE: Plasma exchange; CVVHDF: Continuous venovenous
hemodiafiltration; CAVHD: Continuous arteriovenous hemodialysis; PMX-DH: Polymyxin B-immobi-
lized hemoperfusion; AKI: Acute kidney injury
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Introduction

Since December 2019, the coronavirus disease 2019
(COVID-19) outbreak and pandemic caused by severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
have posed a great challenge to human health and

social stability [1]. Although most COVID-19 patients
present with mild or no symptoms, some of these cases
may develop septic shock and multiple organ dysfunc-
tion syndrome (MODS) that require intensive care unit
(ICU) treatment and extracorporeal organ support [2].
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In the absence of specific medicines and vaccines,
extracorporeal blood purification therapies (BPTs) could
afford patients a survival benefit following severe
COVID-19 through clearance of proinflammatory media-
tors and multiorgan system life support [3-5].

BPTs encompass various techniques including high-
volume hemofiltration (HVHF), high-adsorption hemofil-
tration, coupled plasma filtration adsorption (CPFA),
hemoadsorption, plasma exchange, hemoperfusion,
and high-cutoff (HCO) hemodialysis/hemofiltration [6].
During extracorporeal blood purification, blood compo-
nents contact the foreign surface of the circuit, which
may cause coagulation cascades and result in clotting
in the catheter and filter. Anticoagulants are commonly
used to prevent such events. Unfractionated heparin
(UFH) is the most frequently used anticoagulant, but it
can be a double-edged sword, as it may lead to hep-
arin-induced thrombocytopenia (HIT), a life-threatening
complication associated with an increased risk of bleed-
ing [7,8]. Accumulated evidence has revealed that
thrombocytopenia is prevalent in acute COVID-19-
infected patients at admission [9]. In addition, a recent
study also found that 11.8% percent of COVID-19
patients suffered delayed-phase thrombocytopenia,
which occurred 14days after the onset of COVID-19
symptoms [10]. This combination of renal dysfunction
and viral infection in patients who need blood purifica-
tion makes the risk of bleeding more difficult to predict.
Thus, the first crucial step for BPT patients is the selec-
tion of an appropriate anticoagulant protocol.

Nafamostat mesilate (NM), a broad-spectrum and
potent serine protease inhibitor, has attracted much
attention for its ability to decrease SARS-CoV-2S pro-
tein-mediated membrane fusion and prevent viral infec-
tion [11,12]. As an anticoagulant, NM is not only used
to reverse the coagulopathy of patients with dissemi-
nated intravascular coagulation (DIC) but also used for
extracorporeal circulation anticoagulation [13,14]. The
choice of anticoagulant depends on the condition of
the hemostatic system. Since activated coagulation,
decreased procoagulatory potential, or, even worse, a
combination of both might exist in severely ill COVID-
19 patients, the ideal anticoagulant for these particular
patients should be resistant to filtration coagulation
and have a lower risk of bleeding complications [10,15].
NM has been developed for nearly 30years (mainly in
Japan), and research has indicated that the greatest
advantage of NM is its extension of the lifespan of the
filters used during the hemodialysis process for patients
with a high risk of bleeding [16,17]. Hence, NM might
be more suitable for critically ill patients who

underwent BPT in the current phase of the COVID-19
pandemic.

However, there is still a lack of systematic evaluation
of the efficacy, safety and adverse complications of NM
in critically ill patients during blood purification.
Therefore, we conducted this systematic meta-analysis,
for the first time, to compare the bleeding risk, filter
lifespan and in-hospital mortality rate between NM and
conventional therapy (CT), such as UFH, low-molecular-
weight heparin (LMWH), citrate (C) and anticoagulant-
free (NA), to evaluate the safety and efficacy of NM
administration in critically ill patients who underwent
blood purification in the ICU.

Materials and methods
Protocol and registration

This meta-analysis was performed using the Cochrane
review methodology in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-analy-
ses (PRISMA) guidelines (Additional File 1) [18]. The
protocol for this systematic review was registered with
INPLASY (202180118) and is available in full at inplasy.
com (https://doi.org/10.37766/inplasy2021.8.0118).

PICO question

The patient population, intervention, comparison, and
outcome (PICO) framework were used to formulate the
following questions:

1. For BPT patients, does NM more effective in
extending filter lifespan than conventional anti-
coagulant therapy?

2. For BPT patients, does the administration of NM
result in a lower risk of bleeding complications
than administration of conventional anticoagulant
therapy?

3. For BPT patients, does NM provide better survival
outcomes than conventional anticoagulant
therapy?

Search methodology

A comprehensive literature search of the Cochrane
Library, Web of Science and MEDLINE databases (via
the PubMed search engine) was performed to identify
studies meeting the inclusion criteria from inception to
August 20, 2021. This systematic review identified all
publications presenting comparisons of NM. Eligible
studies were identified using the following text words
or Medical Subject Headings (MeSH): Nafamostat,


https://doi.org/10.37766/inplasy2021.8.0118

Nafamostat mediate, Nafamostat Dimethanesulfonate,
FUT-175, Futhan, renal replacement, blood purification
therapy, Hemopurification, hemoperfusion, hemoad-
sorption, plasmafiltration, plasmafiltration and renal
replacement therapy [MeSH Terms]. The search strategy
and details of the query are presented in Additional File
2. In addition, the reference lists of retrieved studies
and review articles were further manually searched for
additional publications. No language restriction
was used.

Study selection criteria and data extraction

Two reviewers (Lin Yao and Yi-Ming Shao) independ-
ently performed an initial eligibility screen of all article
types, titles, and abstracts. Publications that specifically
referred to the administration of NM in patients receiv-
ing BPT were collected for further review. Next, full-text
reviews were conducted independently, and studies
meeting the following criteria were candidates for
inclusion: 1) observational cohort and/or randomized/
quasi-randomized clinical trial design; 2) patients with
various levels of organ dysfunction; and 3) all patients
underwent BPT, and the conventional anticoagulant
strategy was compared with NM. The exclusion criteria
were as follows: 1) duplicate studies; and 2) review
articles, case reports, letters, meta-analyses, animal
experimental studies, and so on. Data extraction was
carried out by two of the authors (Ruoxuan Yang and
Shuanglin Liao) independently, and any disagreement
between the two authors was resolved according to
the assessment of a third author or discussion. The data
extracted included the study ID, first author and year of
publication, type of study, sample size, age of partici-
pants, etiology and diagnosis, details of BPT and
endpoint.

Assessment of methodological quality

Randomized studies were appraised using the
Cochrane Collaboration Risk of Bias Tool [19]. The fol-
lowing characteristics will be evaluated: 1) sequence
generation; 2) allocation concealment; 3) blinding; 4)
incomplete outcome data; 5) selective outcome report-
ing; and 6) other potential threats to validity. In add-
ition, observational  studies (prospective and
retrospective cohorts) were evaluated by using a modi-
fied version of the Quality Assessment Tool for
Observational Cohort and Cross-Sectional Studies pub-
lished by the National Institutes of Health [20]. Criteria
items were evaluated for each study as follows: 1)
research question; 2) study population; 3) uniform
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eligibility criteria; 4) sample size justification; 5) timing
of exposure assessment; 6) sufficient time frame to see
an effect; 7) different levels of the exposure of interest;
8) exposure assessed prior to outcome measurement; 9)
outcome measures; 10) blinding; and 11) statistical
analyses. Quality assessments were undertaken inde-
pendently by Lin Yao and Yi-Ming Shao, and any dis-
agreements were resolved by consensus with a third
author (Yu-Chun Liu).

Statistical analysis

The data were extracted and assessed by using Review
Manager software (version 5.3, The Nordic Cochrane
Center, Cochrane Collaboration) and STATA statistical
software (version 12.0) to make the outcome assess-
ment more comprehensive. Estimated effects were
reported as RRs with 95% Cls for dichotomous out-
comes and mean differences (MDs) with 95% Cls for
continuous outcomes. Heterogeneity was assessed for
each pooled summary estimate using Cochran’s Q stat-
istic and the I statistic, and the thresholds for high,
moderate and low heterogeneity were set at >75%,
25-75% and <25%, respectively [21]. A random-effects
model was applied to pool the results across the stud-
ies for which there was formal evidence of statistical
heterogeneity (significance for > >50%). For studies
with lower levels of statistical heterogeneity, a fixed-
effect model was employed to pool the outcomes. We
assessed the potential publication bias of the meta-ana-
lysis by using Begg’s and Egger's tests. To test the
robustness of the pooled estimates, we evaluated
whether fixed-effects models and random-effects would
bring about the same outcome. The stability of the
results was also further confirmed by using leave-one-
out sensitivity analyses. All statistical tests were two-
tailed, and p<0.05 was used to indicate statistical
significance.

Confidence in evidence

We evaluated the confidence in the evidence using
the Grading of Recommendations Assessment,
Development, and Evaluation (GRADE) approach, which
classified evidence as high, moderate, low, or very low
certainty for each outcome [22].

Results
Study selection

The study inclusion flow chart is shown in Figure 1. The
number of studies identified from the Cochrane Library,



1266 Y. LIN ET AL.

Records identified
through Web of Science
(n=215)

Records identified
through PubMed
(n=147)

Records identified
through Cochrane Library

Additional records identified
through other sources

(n=6)

(n=13)

_—

All search results (n=381)

A 4

(n=219)

Records after duplicates removed

Literatures excludes after abstract review
* Reviews (n=47)
» Case Report (n=52)

* Letter (n=16)

\ 4

* Meeting abstract (n=30)

Literatures remaining
after abstract review
(n=15)

* Book chapter (n=1)
* Proceedings paper (n=8)
» Content not concern (n=50)

A 4

A 4

Full-text articles not available (n=1)

eligibility (n=14)

Full-text articles assess for

Literatures excludes after full-text review

y

* no relevant outcome (n=3)

Studies included in
quantitative synthesis
(meta-analysis)
(n=11)

Figure 1. Study inclusion flow chart.

Web of Science and PubMed databases was 13, 215
and 147, respectively. An additional 6 studies were
manually identified from the reference lists of the
included publications. Among these identified referen-
ces, 162 duplicate publications were identified and
excluded from this systematic meta-analysis.
Furthermore, 204 studies were excluded based on our
inclusion and exclusion criteria after a title and abstract
screen, resulting in 15 publications that underwent full-
text review. In addition, the full text was not available
in 1 study [23], and 3 of these remaining publications
were removed due to an uncorrelated outcome
[24-26]. Ultimately, 7 observational studies and 4
randomized controlled trials with 2723 patients were
enrolled in this systematic meta-analysis [17,27-36].

Study characteristics

The characteristics of the 11 enrolled studies are pre-
sented in Table 1. Among these studies, 4 papers were
randomized trials (comparison of NM with NA)

[17,27-29], 1 paper was a prospective cohort study [31],
and 6 papers were retrospective cohort studies
[30,32-36]. Most of these studies were published after
2010 (82%), and only one study [31] was a multicenter
trial. Deteriorated renal function was the main cause of
BPT in nine studies [17,27,29,31-36], whereas the other
two studies [28,30] did not report etiology. The detailed
protocols of BPT in these studies are presented in Table
2. Continuous renal replacement therapy (CRRT) was
used as the most common modality for BPT in 10 stud-
ies [17,27-35]. The CRRT mode was continuous venove-
nous hemofiltration (CVVH) in 3 studies [17,27,33],
continuous venovenous hemodiafiltration (CVVHDF) in
3 studies [28,32,34], and a combination of CVVH and
CVVHDEF in 2 studies [30,31]. RRT, polymyxin B-immobi-
lized hemoperfusion (PMX-HP), and/or plasma
exchange (PE) in 1 study [36]. However, the remaining
2 studies did not report the CRRT mode [28,35]. All 11
studies compared data across groups divided by differ-
ent anticoagulant strategies, among which 5 studies
compared NA with NM [17,27-29,33], 2 studies
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Table 2. Characteristics of BPT and main outcomes.

Bleeding Hospital
Patients, Blood Loading Maintenance Mean filter complication mortality
Study Modality Arms N flow rate dose doses lifespan N (%) N (%)
Park et al. [17]* CVVH NM 20 100-150 ml/min 20mg/h 10-20 mg/h 28.73 £ 12.67 hours 0 (0.0) NR
NA 23 - - 16.34+7.86 hours 0 (0.0)
Kim et al. [271* CVVH NM 17 230-300 ml/min 12.5mg/h 12.5mg/h NR 2 (11.8) NR
NA 18 - - 2(11.1)
Lee et al. [28]" CRRT NM 36 130-200 ml/min 20mg/h 10-30mg/h 26.63 +21.14 hours 5 (15.6) 24 (75.0)
22.70 +£20.67 hours
NA 37 - - 5(17.8) 20 (74.1)
Choi et al. [29]° CVVHDF NM 31 150-200 ml/min 20mg/h 10-30mg/h 31.7+24.1 hours 2 (6.5) 17 (47.2)
NA 24 - - 19.5 + 14.9 hours 0 (0.0 19 (52.8)
Ohtake et al. [30] CCVH/CVVHDF NM 23 NR 0.1 mg/kg/h 0.1 mg/kg/h NR 1(4.0) NR
UFH 12 - - 8 (67.0)
LMWH 17 - - 5(29.0)
Uchino et al. [31] CVVH/CVVHDF NM 61 150-200 ml/min NR NR NR 2 (3.3 NR
/CAVHD UFH 429 10 (23)
LMWH 44 5(11.4)
C 99 2 (2.0)
Baek et al. [32]" CVVHDF NM 62 120-150 ml/min 10mg/h 5-20mg/h NR NR 26 (41.9)
NA 181 - - 117 (64.6)
Hwang et al. 331" CVVH NM 25 100-150 ml/min NR 10-30mg/h NR NR 15 (60.0)
UFH 56 1U-20U/kg/h 29 (51.8)
NA 131 - 84 (64.1)
UFH-S 10 - 5 (50.0)
Lee et al. [34]" CVVHDF NM 25 3-5ml/kg/min 0.25mg/kg/h  0.125-0.5mg/kg/h NR 0 (0.0) 8 (40.0)
UFH 6 20 U/kg/h 10 U/kg/h 0 (0.0) 0 (0.0)
NA 19 - - 0 (0.0) 11 (58.9)
Makino et al. [35]*  CRRT NM 76 NR 20mg/h NR NR 5 (6.6) NR
UFH 25 4001U/h 4 (16.0)
Kamijo et al. [36]* RRT/PMX-HP/PE NM 805 NR NR NR NR 129 (16.0) 343 (42.6)
T 41 69 (16.8) 158 (38.4)

Abbreviations: CRRT, continuous renalreplacement therapy; RRT, renal replacement therapy; CVVH, continuous venovenous hemofiltration; CVVHD, continu-
ous venovenous hemodialysis; CVVHDF, continuous venovenous hemodiafiltration; CAVHD, continuous arteriovenous hemodialysis; PMX-DH, polymyxin
B-immobilized hemoperfusion; PE, plasma exchange; NM, nafamostat mesilate; UFH, unfractionated heparin; LMWH, low molecular weight heparin; C, cit-
rate; NA, anticoagulant-free; CT, conventional anticoagulant therapy; N, number of patients; NR, not reported; -, not application; *adjusted outcomes;

*baseline balance.

compared NM with UFH and NA [33,34], 1 study com-
pared NM with UFH [35] and the other 1 study com-
pared NM with UFH and LMWH [30]. The remaining 2
studies compared NM with more than two anticoagu-
lant schemes [31,35], and one of them did not classify
conventional anticoagulant regimens [36]. The loading
dose of NM used in most studies was 20mg/h
[17,28,29,35]. Two studies used low doses of NM,
12.5mg/h and 10 mg/h [27,32]. NM was administered at
the required dose per kilogram per hour (0.1 mg/kg/h
and 0.25mg/kg/h) in two other studies [30,34].
Maintenance doses of NM were adjusted according to
each patient’s status and ranged from 5 mg/h to 30 mg/
h in most studies [17,27-29,32,33].

Quality evaluation

The methodological quality of the 4 enrolled random-
ized controlled trials is presented in Figure 2, and none
of the studies described allocation concealment.
Because the two interventions were significantly differ-
ent, blinding of participants and personnel was not
practical, but lack of blinding did not produce signifi-
cant bias; thus this domain was not considered for the
study-level assessment. Blinding of outcome assess-
ment was not performed in two studies [27,29], and

insufficient information was available to permit judg-
ment of another two studies [17,28]. One study [28]
was supported by an NM manufacturer (SK Chemical);
therefore, the other biases were unclear. Two studies
[17,28] had a high risk of incomplete outcomes since
more than 10% of patients in these two studies
dropped out after allocation. We considered all four
RCTs to be at high risk of bias in one or more criteria
and rated them as of ‘poor overall quality’. In addition,
none of the cohort studies fulfilled all quality indicators,
and the quality assessment scores ranged from 4 to 10
(out of a possible score of 14; Additional File 3). The
most common methodological limitations that existed
in the enrolled studies were the lack of blinding of out-
come assessors [30,32-36], sample size justification
[30-36] and different levels of exposure as related to
the outcome [30,32-36].

Bleeding complication

For the assessment of hemorrhage risk, bleeding com-
plications were interpreted using the same standard:
patients who experienced blood loss from a ruptured
vessel were said to have bleeding complications. As
presented in Figure 3, the number of patients with
bleeding complications was reported in 9 of the



RENAL FAILURE . 1269

A 2
0
8
I E =
5§ s
c Q = —
€ T - 3 8
o ®© [} s =
& 5 £ © °
2 5§ 3 = § 8
c § © © T =2°
£ & o 5 § 2
E 2 E & = 3 B
& &t g ¢ 3 §
g g s & g = Random sequence generation (selection bias) __
® 2 E 2
§ é é’ § % ‘g Allocation concealment (selection bias) | |
@ =1
?;'J- E g ..g ; @' ™ Blinding of participants and personnel (performance bias) :
2 9o
_§ % g g ‘_E’- % ';) Blinding of outcome assessment (detection bias) I:_
o] <@
5 :% ;% % g 38 g Incomplete outcome data (attrition bias) L_
kmev2011|2 |2 |® | @ & & | & erbies
LeeYK2014 | @ |2 | @ |2 | @@ |2 0% 25% 50% 75%  100%
Park 11 2009 . ? . @ . . . u Low risk of bias l:\ Unclear risk of bias - High risk of bias ‘
Figure 2. Risk of bias and summary of the risk of bias of 4 enrolled RCTs.
CT NM Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
|
Choi JY (NA) 2015 0 24 2 31 3.6% 0.26 [0.01, 5.10] -i
Kamijo H (CT) 2020 50 268 43 268 69.7% 1.16 [0.80, 1.68]
Kim EY (NA) 2011 2 18 2 19 3.2% 1.06 [0.17, 6.72]
Lee ST (NA) 2014 0 19 0 25 Not estimable
Lee ST (UFH) 2014 0 6 0 25 Not estimable
Lee YK (NA) 2014 3] 28 5 32 7.6% 1.14 [0.37, 3.54] &
Makino S (UFH) 2016 4 15 1 30 1.1% 8.00 [0.98, 65.45] T
Ohtake Y (LMWH) 1991 5 17 1 23 1.4% 6.76 [0.87, 52.73] T T
Ohtake Y (UFH) 1991 8 12 1 23 1.1% 15.33[2.16, 108.66] T
Park Il (NA) 2009 0 23 0 20 Not estimable
Uchino S (LMWH) 2007 5 44 2 61 2.7% 3.47 [0.70, 17.05] ] -
Uchino S (C) 2014 2 99 2 61 4.0% 0.62 [0.09, 4.26] -
Uchino S (UFH) 2007 10 428 2 61 5.7% 0.71[0.16, 3.18] "
Total (95% CI) 1001 679 100.0% 1.45 [1.08, 1.94] <*
Total events 91 61
Heterogeneity: Chiz = 15.97, df = 9 (P = 0.07); I? = 44% ‘ ‘ ’ ‘
Test for overall effect: Z = 2.48 (P = 0.01) 0 0l CT1 NM L L

Figure 3. Forest plots of comparisons: CT versus NM; Outcomes: bleeding complications.

included articles [17,27-31,34-36], with moderate het-
erogeneity (P = 44%, p=0.07). A fixed-effects model
showed that the conventional therapy (CT) group
exhibited a significantly higher risk ratio of bleeding
complications by 45% than the NM group (RR = 1.45,
95% Cl: [1.08, 1.94], p=0.01). However, when using a
random-effects model to pool the results, the risk of
bleeding complications in the conventional therapy
group was observed to be higher than that in the NM
group, with no statistical significance (Table 3, pooled
RR =1.70, 95% Cl: [0.91, 3.16], p=0.09). Thus, it was
necessary to conduct a subgroup analysis to improve
the reliability of these results.

Another subgroup analysis was conducted according
to the anticoagulant used in the conventional therapy
group. Four subgroups were identified: the NA, UFH, cit-
rate and LMWH groups. As presented in Figure 4, the
data showed that LMWH significantly increased the risk
of bleeding complications in hemodialysis patients com-
pared to NM (RR = 4.46, 95% Cl: [1.27, 15.69], p=0.02),
with no intertrial heterogeneity (P = 0%, p=0.61). In
addition, there was no significant difference in the inci-
dence of bleeding between the NA and NM groups
(RR = 0.97, 95% ClI: [0.39, 2.44], p=0.95), without inter-
trial heterogeneity (P = 0%, p=0.65). In light of the
high heterogeneity (P = 72%, p=0.03), the results of
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Table 3. Meta-analysis of the effect of anticoagulant interventions in patients under BPT.

Outcomes or Study reference Statistical Risk ratio or mean P value Certainty of the
subgroup analysis number method difference (95% Cl) P (%) evidence (GRADE)
Main outcomes: the effect of CT versus NM on bleeding complication
Bleeding complication [17,27-31,34-36] M-H, fixed RR = 1.45, Cl: [1.08, 1.94] 0.01 44 @
M-H, random RR = 1.70, CI: [0.91, 3.16] 0.09 44 Very low?

Subgroup analysis: the relationship between conventional anticoagulant interventions classification and bleeding complication

NA [17,27-29] M-H, fixed RR = 0.90, ClI: [0.37, 2.22] 0.67 0
M-H, random RR = 0.97, Cl: [0.37, 2.44] 0.95 0
UFH [30,31,34,35] M-H, fixed RR = 3.78, Cl: [1.63, 8.76] 0.002 72
M-H, random RR = 4.04, ClI: [0.54,30.52] 0.18 72
LMWH [30,31] M-H, fixed RR = 4.58, Cl: [1.32, 15.91] 0.02 0
M-H, random RR = 4.46, Cl: [1.27, 15.69] 0.02 0
C [30] M-H, fixed RR = 0.62, Cl: [0.09, 4.26] 0.62 NR
M-H, random RR = 0.62, Cl: [0.09, 4.26] 0.62 NR
Unclassified [36] M-H, fixed RR = 1.16, Cl: [0.80, 1.68] 043 NR BD°°; Low
M-H, random RR = 1.16, Cl: [0.80, 1.68] 0.43 NR

Main outcomes: the effect of CT versus NM on mortality
In-hospital mortality [28,29,30-34,36] M-H, fixed
M-H, random

RR = 1.25, Cl: [1.10, 1.43]
RR = 1.19, Cl: [1.00, 1.42] 0.05 42

0.0007 42

Subgroup analysis: the relationship between conventional anticoagulant interventions classification and mortality

[28,29,32-34] M-H, fixed RR = 1.31, Cl: [1.31, 1.55] 0.002 48 @, Very low®

M-H, random RR = 1.26, CI: [1.00, 1.59] 0.05 48

UFH [33,34] M-H, fixed RR = 0.78, Cl: [0.55, 1.13] 0.19 0 @°°%; Very low?
M-H, random RR = 0.84, ClI: [0.59, 1.19] 0.32 0

Unclassified [36] M-H, fixed RR = 1.37, Cl: [1.08, 1.73] 0.009 NR DD°°; Low
M-H, random RR = 1.37, CI: [1.08, 1.73] 0.009 NR

Secondary outcomes: the effect of CT versus NM on hemofilter lifespan

Hemofilter lifespan [17,28,29] M-H, fixed MD = —10.59, Cl: [-15.45, —5.72] <0.0001 0 BD°; Low™®

M-H, random MD = —10.59, CI: [-15.45, —5.72] <0.0001 0

Abbreviation: NR, not reported; M-H, Mantel-Haenszel; IV, Inverse Variance. NM, nafamostat mesilate; UFH, unfractionated heparin; LMWH, low molecular
weight heparin; C, citrate; NA, anticoagulant-free; CT, conventional anticoagulant therapy.
?Downgraded one level due to imprecision (defined as wide confidence intervals including no effect and/or low overall sample size).

PDowngraded one level due to high risk of bias (incomplete outcome data).

‘Downgraded one level due to large heterogeneity between studies.

dDowngraded one level due to serious inconsistency: point estimates varied widely.

the UFH subgroup should be interpreted with caution
(pooled RR = 4.04, 95% Cl: [0.54, 30.52], p =0.18).

Mortality

The RR for mortality is shown in Figure 5 and Table 3.
In-hospital mortality was reported for six studies
[28,29,32-34,36], with moderate heterogeneity P =
42%, p=0.09). Meta-analysis using a fixed-effects
model demonstrated that CT interventions significantly
increased hospital mortality compared with NM use (RR
= 1.25, 95% ClI: [1.10, 1.43], p=0.0007), and the differ-
ence between the estimates was of borderline signifi-
cance (p =0.05) under a random-effects model.
Subgroup analysis was performed according to the
type of anticoagulant used in the CT group. As presented
in Figure 6 and Table 3, compared with that in the NM
group, the risk of in-hospital mortality in the NA group
was significantly higher in the meta-analysis under the
fixed-effect model (RR = 131, 95% ClI: [1.31, 1.55],
p=0.002), with moderate heterogeneity (° = 48,
p=0.11), but the increased risk had borderline signifi-
cance under the random-effect model (pooled RR =

1.26, 95% Cl: [1.00, 1.59], p = 0.05). Both the fixed-effect
(RR = 0.84, 95% ClI: [0.59, 1.19], p=10.32) and random-
effect model meta-analyses (RR = 0.78, 95% Cl: [0.55,
1.13], p=0.19) showed no significant effects of supple-
mentation with UFH vs. NM on mortality in the included
trials, without intertrial heterogeneity (P = 0%, p=0.58).

Hemofilter lifespan

The hemdfilter lifespan was documented as the time
until the new filter exchange. Data on hemofilter life-
span are presented as the mean+SD and were avail-
able in 3 studies [17,28,29] without significant
heterogeneity (Figure 7; P = 0%, p =0.39). The mean
filter lifespan ranged from 26.6 to 31.7h in the NM
groups and 16.3 to 22.7h in the NA groups. Since no
significant heterogeneity was observed, a random-
effects model was used to calculate the pooled results.
Compared with the NM group, the conventional treat-
ment group showed a significantly decreased hemofil-
ter lifespan (Figure 7 and Table 3, the pooled difference
in mean = —10.59, 95% Cl: [—15.45, —5.72], Z=4.26,
p < 0.0001). In addition, the pooled results of hemofilter
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CT NM Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
4.21NA
Choi JY (NA) 2015 0 24 2 31 3.7% 0.26 [0.01, 5.10]
Kim EY (NA) 2011 2 18 2 19 8.0% 1.06 [0.17, 6.72]
Lee ST (NA) 2014 0 19 0 25 Not estimable
Lee YK (NA)2014 5 28 5 32 14.4% 1.14 [0.37, 3.54] N
Park Il (NA) 2009 0 23 0 20 Not estimable
Subtotal (95% CI) 12 127 26.1% 0.97 [0.39, 2.44] N
Total events 7 9
Heterogeneity: Tau? = 0.00; Chi? = 0.88, df =2 (P = 0.65); 1> = 0%
Test for overall effect: Z = 0.06 (P = 0.95)
4.2.2 UFH
Lee ST (UFH) 2014 0 6 0 25 Not estimable
Makino S (UFH) 2016 4 15 1 30 6.6% 8.00 [0.98, 65.45] - -
Ohtake Y (UFH) 1991 8 12 1 23 7.4% 15.33 [2.16, 108.66] L
Uchino S (UFH) 2007 10 428 2 61 10.6% 0.71[0.16, 3.18] - "1
Subtotal (95% CI) 461 139 24.6% 4.04[0.54, 30.52] e
Total events 22 4
Heterogeneity: Tau? = 2.30; Chiz = 7.24, df = 2 (P = 0.03); 1> = 72%
Test for overall effect: Z = 1.35 (P = 0.18)
4.2.3 LMWH
Ohtake Y (LMWH) 1991 5 17 1 23 6.9% 6.76 [0.87, 52.73] T =
Uchino S (LMWH) 2007 5 44 2 61 9.8% 3.47[0.70, 17.05] T .
Subtotal (95% CI) 61 84 16.6% 4.46 [1.27, 15.69] ——
Total events 10 3
Heterogeneity: Tau? = 0.00; Chiz = 0.26, df =1 (P = 0.61); 2= 0%
Test for overall effect: Z = 2.33 (P = 0.02)
424 C
Uchino S (C) 2014 2 99 2 61 7.5% 0.62[0.09, 4.26] - -1
Subtotal (95% CI) 99 61 7.5% 0.62 [0.09, 4.26] e
Total events 2 2
Heterogeneity: Not applicable
Test for overall effect: Z = 0.49 (P = 0.62)
4.2.5 Unclassified
Kamijo H (CT) 2020 50 268 43 268 25.2% 1.16 [0.80, 1.68] =
Subtotal (95% CI) 268 268 25.2% 1.16 [0.80, 1.68] >
Total events 50 43
Heterogeneity: Not applicable
Test for overall effect: Z = 0.80 (P = 0.43)
Total (95% CI) 1001 679 100.0% 1.70 [0.91, 3.16] i
Total events 91 61
Heterogeneity: Tau? = 0.36; Chi? = 15.97, df = 9 (P = 0.07); I? = 44% f f t ‘
Test for overall effect: Z = 1.68 (P = 0.09) 0.01 01 CT1 NM 10 100

Test for subgroup differences: Chi? = 6.15, df = 4 (P = 0.19), I = 35.0%

Figure 4. Forest plots of comparisons: subgroups of CT versus NM; Outcomes: bleeding complications.

lifespan did not change significantly under a fixed-
effect model.

Sensitivity analysis and publication bias

In leave-one-out sensitivity analyses, the pooled effect
estimates remained similar; thus, they did not reveal
the exertion of any influence on the bleeding complica-
tions and in-hospital mortality of individual trials, which
confirmed the robustness of the results (Figure 8A,B).
Publication bias was evaluated by using Begg’s and
Egger's tests (Figure 8C-F). No evidence of substantial
publication bias existed in this meta-analysis on

bleeding complications (Egger test, Pr > |z] = 0.306;
Begg test, p>0.283). Similar findings were observed
for hospital mortality, as indicated by Begg's test (Pr >
|z] = 0.348) and Egger’s test (p > 0.340).

Quality of evidence assessment (GRADE)

In accordance with the GRADE approach, quality assess-
ment for the pooled results of hospital mortality and
bleeding complications started at the “LOW” level qual-
ity of evidence after downgrading owing to the obser-
vational design of most studies and the poor quality of
RCTs. The overall quality of evidence ranged from low
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CT NM Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Baek NN (NA) 2012 117 181 26 62 17.6% 1.54 [1.13, 2.11] B
Choi JY (NA) 2015 19 24 17 31 67% 1.44[0.99, 2.11] —'—
Kamijo H (CT) 2020 108 268 79 268 35.9% 1.37[1.08, 1.73] -
Hwang SD (NA) 2013 84 131 15 25 11.5% 1.07 [0.76, 1.51] N
Hwang SD (UFH) 2013 29 56 15 25 9.4% 0.86 [0.57, 1.30] /T
Hwang SD (UFH-S) 2013 5 10 15 25 3.9% 0.83[0.41, 1.67] -
Lee ST (NA) 2014 11 19 8 25 3.1% 1.81[0.91, 3.60] T
Lee ST (UFH) 2014 0 6 8 25 1.6% 0.22[0.01, 3.34] ¢
Lee YK (NA) 2014 20 28 24 32 10.2% 0.95[0.70, 1.30] -1
Total (95% CI) 723 518 100.0% 1.25[1.10, 1.43] ¢
Total events 393 207
Heterogeneity: Chi? = 13.81, df = 8 (P = 0.09); I2 = 42% ‘ ‘ ’ ‘
Test for overall effect: Z = 3.41 (P = 0.0007) 892 02 CT1 NM g =

Figure 5. Forest plots of comparisons: CT versus NM; Outcomes

to very low. As shown in Table 3, Additional Files 4 and
5, a summary of the quality of evidence according to
the outcome was depicted.

Discussion

During the COVID-19 pandemic, a proportion of
patients requiring ICU treatment can evolve into severe
MODS in the advanced stages of the illness. These
patients need different blood purification therapies to
prevent organ damage from the existing risk factors
and to protect the host against further pathogenic
insults [3]. It should be noted that patients undergoing
BPT usually carry a high risk of bleeding or suffer from
active bleeding. Disseminated intravascular coagulation,
a fatal coagulation disorder caused by infective condi-
tions (e.g., severe infection and sepsis) and noninfective
conditions (i.e., trauma and hypoxic states), needs to be
controlled [37]. Excessive anticoagulation may lead to
life-threatening bleeding complications, whereas insuf-
ficient anticoagulation can result in poor filter life, treat-
ment interruption and additional costs [38]. Thus,
clinicians should take the bleeding risks and benefits of
anticoagulants into consideration when choosing safe
and effective anticoagulants for their patients. Recently,
NM has been used as a clinical therapy for COVID-19,
as it can be used for disseminated intravascular
coagulation and effectively suppresses MERS-CoV S pro-
tein-mediated membrane fusion [11,12]. However, sys-
tematic research on NM as a treatment for patients
undergoing BPT is limited. In this study, for the first
time, we identified all published studies comparing
agents with NM for BPT in critically ill patients to assess
its effect and safety regarding bleeding complications.
For COVID-19 patients undergoing BPT, the choice of
anticoagulants is still based on previous experience.
Our meta-analysis demonstrated that CT interventions
markedly increased the risk ratio of bleeding

: In-hospital mortality.

complications by 45% (RR =1.45, Cl: [1.08, 1.94],
p=0.01; I = 44, [fixed-effect model]). UFH, as the most
frequently used anticoagulant, has been recommended
for severe COVID-19 patients during hemodialysis [39].
Nevertheless, according to Makino S [35] and Ohtake Y
[30], the application of UFH confers a higher incidence
of bleeding complications than the application of NM.
In contrast, Uchino et al. reported that bleeding compli-
cations occurred in 2% of patients in whom UFH was
used and in 3.3% of patients in the NM group [31].
However, it should be noted that the physiopathology
of hemodialysis patients with COVID-19 is different
from that of common hemodialysis patients. Previous
studies have demonstrated that COVID-19 may lead to
blood coagulation parameter abnormalities [40].
Infected patients often have thrombocytopenia and
sometimes present gingival bleeding, hemorrhinia, or
ecchymosis on the skin as their first symptom [41].
Heparin may complicate the control and administration
of BPT; for example, the adverse consequences of HIT,
which aggravates coagulation dysfunction and requires
constant monitoring, can be lethal. Additionally, the
late-onset thrombocytopenia of COVID-19 patients
makes the contraindications of heparin more difficult to
recognize. Low-molecular-weight heparin (LMWH)
exerts an anticoagulant effect primarily via anti-Xa/anti-
lla activity [42]. Compared with those of UFH, the
pharmacokinetics of LMWH is more predictable as a
result of the lower nonspecific binding to plasma pro-
teins [43]. Thus, LMWH may have a favorable bleeding
complication profile. Nonetheless, in our subgroup ana-
lysis, the bleeding complication rate of hemodialysis
patients was significantly higher in the LMWH group
than in the NM group (RR = 4.58, 95% Cl: [1.34, 15.91],
p=0.02; P = 0%, p =0.54). LMWH is derived from hep-
arin and may also lead to HIT. A recent meta-analysis
showed that the risk of HIT with LMWH and UFH use
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Test for overall effect: Z = 1.92 (P = 0.05)
Test for subgroup differences: Chi? = 5.46, df = 2 (P = 0.07), I = 63.4%

Favours [experimental]

A CT NM Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
5.1.1 NA
Baek NN (NA) 2012 117 181 26 62 17.6% 1.54[1.13, 2.11] -
Choi JY (NA) 2015 19 24 17 31 6.7% 1.44[0.99, 2.11] E
Hwang SD (NA) 2013 84 131 15 25 11.5% 1.07 [0.76, 1.51] T
Lee ST (NA) 2014 11 19 8 25 3.1% 1.81[0.91, 3.60] T
Lee YK (NA) 2014 20 28 24 32 10.2% 0.95[0.70, 1.30] 1
Subtotal (95% CI) 383 175  49.1% 1.31 [1.11, 1.55] *

Total events 251 90
Heterogeneity: Chiz = 7.63, df = 4 (P = 0.11); 1> = 48%
Test for overall effect: Z = 3.16 (P = 0.002)
5.1.2 UFH
Hwang SD (UFH) 2013 29 56 15 25  9.4% 0.86 [0.57, 1.30] =
Hwang SD (UFH-S) 2013 5 10 15 25 3.9% 0.83[0.41, 1.67] T
Lee ST (UFH) 2014 0 6 8 25 1.6% 0.22[0.01, 3.34]
Subtotal (95% CI) 72 75 15.0% 0.78 [0.55, 1.13] <
Total events 34 38
Heterogeneity: Chiz = 1.08, df = 2 (P = 0.58); I> = 0%
Test for overall effect: Z = 1.31 (P = 0.19)
5.1.4 Unclassified
Kamijo H (CT) 2020 108 268 79 268 35.9% 1.37[1.08, 1.73] -
Subtotal (95% CI) 268 268 359%  1.37[1.08,1.73] L 4
Total events 108 79
Heterogeneity: Not applicable
Test for overall effect: Z = 2.60 (P = 0.009)
Total (95% CI) 723 518 100.0% 1.25[1.10, 1.43] ¢
Total events 393 207
Heterogeneity: Chi? = 13.81, df = 8 (P = 0.09); I2 = 42% 5 62 0‘ ] 5 150 540
Test for overall ef'fet;t: Z=3.4 (P.= 0.0007) Favours [experimental] Favours [control]
Test for subgroup differences: Chiz = 7.16, df = 2 (P = 0.03), 2= 72.1%

CT NM Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% ClI M-H, Random, 95% CI
5.1.1 NA
Baek NN (NA) 2012 117 181 26 62 15.5% 1.54[1.13,2.11] el
Choi JY (NA) 2015 19 24 17 31 12.6% 1.4410.99, 2.11] =
Hwang SD (NA) 2013 84 131 15 25 14.0% 1.07 [0.76, 1.51] il
Lee ST (NA) 2014 11 19 8 25 55% 1.811[0.91, 3.60] T
Lee YK (NA) 2014 20 28 24 32 15.7% 0.95[0.70, 1.30] i P
Subtotal (95% CI) 383 175 63.2% 1.26 [1.00, 1.59] g
Total events 251 90
Heterogeneity: Tau? = 0.03; Chi2 = 7.63, df =4 (P = 0.11); I* = 48%
Test for overall effect: Z = 1.99 (P = 0.05)
5.1.2 UFH
Hwang SD (UFH) 2013 29 56 15 25 11.6% 0.86 [0.57, 1.30] =
Hwang SD (UFH-S) 2013 5 10 15 25 54% 0.83[0.41, 1.67] ]
Lee ST (UFH) 2014 0 6 8 25 0.4% 0.22[0.01, 3.34]
Subtotal (95% CI) 72 75 17.4% 0.84[0.59, 1.19] <>
Total events 34 38
Heterogeneity: Tau? = 0.00; Chiz = 1.08, df = 2 (P = 0.58); I* = 0%
Test for overall effect: Z = 1.00 (P = 0.32)
5.1.4 Unclassified
Kamijo H (CT) 2020 108 268 79 268 19.4% 1.37[1.08, 1.73] i
Subtotal (95% Cl) 268 268 19.4% 1.37 [1.08, 1.73] L 2
Total events 108 79
Heterogeneity: Not applicable
Test for overall effect: Z = 2.60 (P = 0.009)
Total (95% Cl) 723 518 100.0% 1.19 [1.00, 1.42]
Total events 393 207
Heterogeneity: Tau? = 0.03; Chi? = 13.81, df = 8 (P = 0.09); I = 42% 0 52 0’ ] p 1’0 5’0

Favours [control]

Figure 6. Forest plots of comparisons: subgroups of CT versus NM. Outcomes
(A) and under the random-effect model (B).

was 0.2% and 2.6%, respectively [44]. In addition, nei- The cu
ther UFH nor LMWH was clearly proven to be superior

to NM in our research. bleeding

: In-hospital mortality under the fixed-effect model

rrent guidelines also recommend that BPT

proceed without anticoagulation in patients with high

risk [45]. However, it may represent a
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CT NM Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Choi JY (NA) 2015 195 149 24 31.7 241 31 22.0% -12.20[-22.57,-1.83] -
Lee YK (NA) 2014 227 20.7 28 266 214 32 20.8% -3.90 [-14.57, 6.77] I
Park Il (NA) 2009 163 79 23 28.7 127 20 57.2% -12.40[-18.83,-5.97] o
Total (95% CI) 75 83  100.0% -10.59 [-15.45, -5.72] >
Heterogeneity: Chi? = 1.91, df = 2 (P = 0.39); I = 0% t f y f
-50 -25 0 25 50
Test for overall effect: Z = 4.26 (P < 0.0001) CT NM
Figure 7. Forest plots of comparisons: CT versus NM. Outcomes: hemofilter lifespan.
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Figure 8. Sensitivity analysis shows the meta-analysis has satisfactory stability on bleeding complication (A) and in-hospital mor-
tality (B); Egger (C) and Begg (D) tests for In-Hospital Mortality; Egger (E) and Begg (F) tests for bleeding complications.

significant escalation in the cost of their support as
more filters are required. The pooled results from our
meta-analysis demonstrated that the filter lifespan was
significantly decreased in the other groups compared
to the NM group (pooled difference in means
—10.59, 95% CI: [-1545, —5.72], p<0.0001).
Furthermore, no significant difference in the risk of
bleeding complications was observed between the NM
and NA groups (RR = 0.97, p=0.95; I* = 0%). With the
exponential surge in COVID-19 patients worldwide,
increased resources are urgently needed for the unpre-
cedented increase in hemodialysis patients, although
they are in short supply [46]. Obviously, a lack of anti-
coagulant regimens may exacerbate the burden of
medical resources. NM can prolong the filter lifespan
without an increased risk of bleeding, making the use
of resources more efficient and safer.

In the 2012 Kidney Disease Improving Global
Outcome (KDIGO) Clinical Practice Guidelines, regional
citrate anticoagulation is recommended internationally

for acute kidney injury (AKI) patients with bleeding ten-
dencies [45], but the conclusion was drawn from several
clinical studies showing the advantages of citrate in
the aspect of lower risk of circuit loss, filter failure
and bleeding in comparison to heparin [47-49].
Comparative studies on the treatment of NM and cit-
rate for BPT patients are lacking; only one study pre-
sented available data in our meta-analysis, and no
significant difference in bleeding risk was found
between the NM and citrate groups [30]. Furthermore,
critically ill patients who undergo BPT with citrate usu-
ally have liver dysfunction or other conditions that
result in impaired citrate metabolism [50]. Citrate accu-
mulation might cause metabolic complications such as
acid-base imbalance, electrolyte abnormalities, hypo-
tension and arrhythmia, while these potential side
effects did not exist in anticoagulation with NM [51].
The effect of NM on the mortality of patients under-
going BPT remains controversial. A recent study has
shown that critically ill patients undergoing CRRT with



NM exhibited no significant differences in transfusion,
mortality and survival compared with those who
received no anticoagulants [28]. The results from an
RCT study with a small sample size (55 patients)
showed a trend toward decreased in-hospital mortality
in patients who underwent CRRT with NM compared to
the no anticoagulant group (47.2% versus 52.8%,
p =0.054) [29]. Another previous study indicated that
the application of NM observably decreased in-hospital
and ICU mortalities in patients with sepsis undergoing
BPT compared to the conventional therapy group [36].
In this study, our results showed that the in-hospital
mortality rate of patients undergoing BPT with NM
ranged from 32% to 66.7%, and the pool rate was
44.6%, which was consistent with a previous study [52].
Furthermore, pooled results showed that the rate of in-
hospital mortality in the NM group was significantly
decreased compared with that in the CT group. In the
subgroup analysis, a significant decrease in the in-hos-
pital mortality rate was observed in the NM group com-
pared with the NA group (RR = 1.31, p=0.002). These
data demonstrated the significant effect of NM adminis-
tration on improving survival outcomes in critically ill
patients who underwent blood purification treatment.
We speculated that this result might be attributed to
the lengthened filter lifespan, more effective fluid
removal and clearance, and lower risk of bleeding com-
plications induced by NM administration [29]. Given the
trend in the P values for in-hospital mortality (RR =
1.19, p=0.05) in the CT group under a random-effects
model, further study with a larger sample size might
provide statistically significant and more reliable results.
Multicenter studies including more participants are
needed in the future.

The ideal anticoagulant strategy should include con-
venient and efficient implementation and monitoring
techniques and a beneficial anticoagulant with few side
effects. Our meta-analysis showed that NM is safe and
effective for BPT and provides substantial benefits to fil-
ter lifespan and survival outcomes without increasing
bleeding risk. The common adverse effect of NM is
hyperkalemia, while precise solute control makes it less
likely to occur during hemodialysis [53]. Few severe
adverse effects of NM were reported, and there is no
contraindication, even in patients with a risk of bleed-
ing. In the present meta-analysis, none of the patients
experienced severe adverse effects (e.g., severe ana-
phylaxis, eosinophilia, agranulocytosis and bone mar-
row suppression) associated with NM administration.
However, it remains possible that some potential side-
effects and allergies were ignored or hided due to com-
plex disease status. Though NM exerts as an ideal
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anticoagulant, the possibility of allergies to NM should
be caused alarm, which can be easily and availably eval-
uated by a skin reaction test [54]. Since nafamostat
mesylate has a short half-life of 5-8 min, clinicians can
quickly alter the anticoagulation strategy once it is
judged to be ineffective [29]. Furthermore, NM is receiv-
ing considerable attention for its ability to suppress
SARS-CoV-2S protein-mediated membrane fusion and
prevent viral entry at a small blood concentration of
30-240nM [55]. It may be a promising drug effective
against COVID-19 by potently blocking the SARS-CoV-2
entry process and treating DIC with enhanced fibrinoly-
sis [56,57]. Other studies reported that a dose of NM
(0.06-0.2 mg/kg/hour) in COVID-19 patient treatment
can prevent disease progression by controlling immune
system, blocking DIC, and preventing virus invasion
[58-60]. Hence, administration of NM with a common
dose of 10-30 mg/hour might be a better treatment
option for BPT in COVID-19 patients. However,
COVID-19 patients were frequently accompanied by
coagulopathy that required incremental dosage of anti-
coagulation (e.g., heparin) both to prevent thrombo-
philia and to keep circuit patency [3]. In this case, an
incremental dosage of NM may be required. Although
NM differs from heparin in that no side effects of bleed-
ing are seen even when used at anti-DIC doses, moni-
toring of anticoagulant activity during blood
purification with the incremental dosage of NM would
be important to avoid preventable bleeding complica-
tions and frequent filter clotting in COVID-19 patients.
And intra-circuit activated clotting time (ACT), especially
post-filter time-weighted average ACT, might be useful
for monitoring anticoagulant activity, NM dosage
adjustment and the risk of bleeding complications dur-
ing BPT with NM [30,32,61].

It should be noted that previous studies have dem-
onstrated NM to be adsorbed to the negatively charged
dialysis membrane via an ionic bond, including polya-
crylonitrile (AN69), acrylonitrile and methallyl sulfonate
copolymer (AN69-ST) and J-PAN membranes but not
polysulfone (PS), Cuprophan (CU), hemophan (HE), cel-
lulose triacetate (CTA) or polymethylmethacrylate
(PMMA) membranes during hemodialysis in vivo
[62-66]. These three membrane dialyzers, especially
AN69 and AN69-ST, observably adsorb NM and may
affect the management of anticoagulant therapy. Since
most of the enrolled studies in the present meta-ana-
lysis did not provide detailed information regarding
hemofilter material, the beneficial effect of NM anticoa-
gulation might have been influenced in patients
applied with AN69, AN69-ST or J-PAN membrane dia-
lyzers. Thus, in dialysis circuits using these membrane
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dialyzers, administration of additional post-hemofilter
doses of NM may be useful for the management of
anticoagulant therapy. Finally, NM was still not cheap.
Although using 16.5 mg/h of NM cost US$160 per day
more than heparin (USS$S5 per day) in Korea in 2013, it
may save money through prolongation of filter survival
due to the expensive filter [33]. Furthermore, NM might
improve the survival outcomes of critically ill patients
who received blood purification treatments without
increasing the rate of significant bleeding events, which
ultimately reduced the medical cost. Thus, NM may be
recommended for BPT in patients with high-risk bleed-
ing tendencies, while UFH or other anticoagulants with
lower prices can be used for the low-risk groups.

Several limitations exist in this meta-analysis. Firstly,
most of the enrolled studies were retrospective obser-
vational studies; therefore, they may not be representa-
tive, and the risk of recall bias may be higher. Secondly,
only one included study was a multicenter trial, and the
sample size in each study was relatively small, which
may have insufficient strength to evaluate the differen-
ces and limited the interpretation of our pooled result.
Thirdly, we failed to combine filter lifespan-related out-
comes in some studies for analysis as they were calcu-
lated in different ways that provide different data
formats [32-34]. However, the findings of those studies
also revealed the same trend that filter life can be
increased by the use of NM. Fourthly, only one study
presented available data in the present meta-analysis
that showed no significant difference in bleeding risk
between the NM and citrate groups [12]. Thus, more
studies with NM and citrate are urgently required for
comparison of the effectiveness and safety of anticoa-
gulation. Fifthly, the present data did not include
COVID-19 patients. Further RCTs and systematic analysis
are also required for the evaluation of NM in the treat-
ment of COVID-19. Besides, for studies in which this
information was presented, there were no differences
among studies in the way that disease severity was
assessed, and in the dose, timing, and duration of anti-
coagulant treatment.

Conclusions

In the current COVID-19 pandemic phase, health resour-
ces are being consumed more rapidly than ever before;
thus, optimizing filter lifespan and performance effi-
ciency in blood purification treatments is particularly
important. NM administration was found to lengthen
filter survival time and improve the survival outcomes
of critically ill patients who received blood purification
treatments without increasing the rate of significant

bleeding events. NM can be used as a safe and efficient
anticoagulant for blood purification treatments in critic-
ally ill patients. In addition, ongoing data collection
from studies with larger sample size is still required to
elucidate the optimal management procedures of NM
to provide superior performance with minimal disrup-
tion at the lowest cost.
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