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Abstract 

Background In critically ill cases, CRRT is a renal replacement intervention. The most common reason why CRRT 
terminates prematurely (non-electively) is clotting in the extracorporeal circuit, more especially in the filter.

Aim of work To determine the frequency of thrombotic and hemorrhage complications throughout CRRT, the role 
of antithrombin III level monitoring, the type of anticoagulation, and the dose and laboratory tests utilized to monitor it.

Method The study was carried out on 58 children who were undergoing CRRT. The children underwent a compre-
hensive history-taking, assessment, CRRT prescription parameters and alterations, vascular access data, anticoagula-
tion type, dose, and adjustment, as well as monitoring of antithrombin III levels. Furthermore, any extracorporeal 
circuit clotting or bleeding was documented.

Results Of the 58 sessions that were examined, 25 (43.1%) resulted in filter clotting. The indication was cured in 16 
cases (27.6%), 8 cases (13.8%) resulted in the patient’s mortality, and 9 cases (15.5%) had life-threatening bleeding. The 
remaining 33 cases (56.9%) were not terminated with filter clotting. Forty-one (70.7%) of studied sessions used unfrac-
tionated heparin as anticoagulation, 22.4% used heparin-protamine, 5.2% was not anticoagulated, and one circuit 
(1.7%) was anticoagulated using regional citrate.

Filter clotting incidence was significantly related to activated partial thromboplastin time (a PTT) value at the end 
of sessions (P value = 0.000), and platelets count after 4 h of session initiation (P value = 0.048). Antithrombin III levels 
pre-heparin infusion less than 80 were found in patients who received higher doses of a heparin bolus dose, median 
dose 35 (IQR 20–35), this relation is statistically significant (P value = 0.042).

Conclusion In the 58 cases that were examined, the incidence of bleeding was 32.8%; however, 19% of the cases 
were not severe. The incidence of filter clotting was 43.1% in the study group. a PTT value at the end of sessions, 
and platelets count after 4 h could be predictors of thrombotic complications during CRRT, antithrombin III deficiency 
before sessions is a predictor of filter clotting.
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Background
CRRT is a renal replacement intervention that is designed 
to preserve the physiologic plasma constituents and vol-
ume in critically ill patients. Medication administration is 
disrupted by extracorporeal circuit failures [1].

Clotting in the extracorporeal circuit, particularly the 
filter, is the primary cause of premature (non-elective) 
termination of CRRT. Inadequate anticoagulation is the 
primary cause of short-lived circuits [2].

In addition to anticoagulation, the case’s circumstance 
involves prothrombotic states and hemodynamics, vas-
cular access, or circuits [3].

The maintenance of circuit patency typically necessi-
tates anticoagulation [4]. A subtle equilibrium between 
clotting and bleeding is achieved through appropriate 
anticoagulation. RCA and unfractionated heparin are 
among the agents employed [4].

Unfractionated heparin is the most frequently 
employed anticoagulant on a global scale. It enhances 
antithrombin III, thereby inhibiting factors Xa and 
IIa. APTT is employed to monitor the anticoagulant 
impact [4].

RCA is contingent upon the citrate’s administration via 
the extracorporeal circuit to attach to calcium and avoid 
thrombosis, in conjunction with a concurrent calcium 
infusion to the case [2].

Methods
This investigation aimed to validate the incidence of 
thrombotic complications and bleeding in minors under-
going CRRT, as well as the effectiveness of various antico-
agulation approaches and the value of the antithrombin 
III level monitoring. This observational cross-sectional 
study encompassed 58 children, aged up to 13 years, who 
were admitted to the intensive care units of Cairo Uni-
versity Pediatrics Hospital. CRRT was required for the 
children owing to the progression of AKI in conjunction 
with acute severe illness, AKI complicating an acute renal 
disease, acute necessity for renal replacement in a criti-
cally ill child with known/previous CKD, or non-renal 
indications including metabolic disorders and poisoning.

A comprehensive history and examination were con-
ducted on all patients, which included their age, vital data 
(blood pressure, respiratory rate, heart rate), indications 
for CRRT, system malfunctions and supports, and condi-
tions linked with thrombotic tendency or bleeding. The 
prescription and setup of CRRT were documented. Labo-
ratory monitoring, adjustment, type, and dose of antico-
agulation were documented. It tracked the antithrombin 
III levels before and after the heparin infusion through-
out the sessions.

The trends of circuit pressures, requirements for blood 
flow rate and ultrafiltration, filter coagulation, and the 
management of any bleeding complications. The coagula-
tion status, filter status (clotted or not), and duration and 
reason for session termination were all documented.

Sample size calculation
Eighty-five patients were included. This takes into con-
sideration the CRRT volume at the hospital, as well as 
achieving a statistical power of 80% at an alpha error of 
0.05 regarding primary outcomes, on the assumption of 
30% developing events and the most significant risk factors 
having a baseline incidence of 15% and an odds ratio of 4.

Statistical analysis
The data was gathered, revised, encoded, and entered 
into the Statistical Package for Social Science (IBM SPSS) 
version 23. When parametric, quantitative data was dis-
played as the mean, standard deviations, and ranges. 
When the data was non-parametric, the median and 
interquartile range (IQR) were employed. In addition, 
qualitative variables were stipulated as proportions and 
numerical values.

The chi-square test and/or Fisher exact test were 
employed to compare the qualitative data of the groups 
when the expected count in any cell was less than 5 [5].

The Mann–Whitney test was implemented for non-
parametric distributions, while the independent t-test 
was implemented to compare two independent groups 
with quantitative data and parametric distribution [6].

The margin of error accepted was 5%, and the confi-
dence interval was established at 95%.
P value < 0.05: Significant (S).

Results
Unfractionated heparin was the most common anticoag-
ulation used (41, 70.7%), followed by heparin protamine 
(13, 22.4%) in cases with a high risk of bleeding, where 
protamine was administered intravenously, 3 cases were 
not anticoagulated (5.2%), one session used regional cit-
rate anticoagulation (1.7%).

Nineteen cases had FFP transfusion (32.8%), and 39 
(67.2%) did not receive plasma (Table 1).

Table 1 shows activity percentages of antithrombin III, 
normal activity (80–120) was found in 38 (66.7%) of cases 
before starting heparin, antithrombin deficiency (activity 
less than 80) was found in 19 cases (33.3%) before hep-
arin start. After 6 h of heparin infusion, 45 (78.9%) had 
normal activity (80–120), and it was less than 80 in 12 
cases (21.1%). The cause of antithrombin III diminished 
activity was not investigated in this study, whether con-
genital or acquired, it was just observed and documented. 
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Thrombotic manifestations were not reported, as well as 
this diminished activity was not attributed to certain dis-
eases (Table 2).

In the 58 cases that were examined, 25 (43.1%) were 
complicated by filter clotting. Of these, 17 (29.3%) were 
effectively resolved, and the CRRT’s indication was 

healed. The remaining 8 (13.8%) were resolved without 
resolution of the indication.

Sixteen of the remaining 33 unclotted filters resulted in 
case cure, 9 in life-threatening bleeding, and 8 in inpa-
tient mortality.

Among the 19 cases complicated with bleeding, the 
majority (14, 73.7%) received unfractionated heparin as 
anticoagulation, and 4 (21.1%) had used heparin prota-
mine, but this relation was not statistically significant (P 
value = 0.908), the bleeding incidence was higher when a 
median dose of heparin was 30, compared to non-bleed-
ers in which median dose was 20.

A statistical significance was found between the inci-
dence of bleeding and FFP transfusion, which was indi-
cated before starting sessions to correct coagulopathy 
in certain cases (P value = 0.024), 10 (52.6%) of bleed-
ing occurred in sessions in which FFP was transfused, 
this points to the augmentation of action of heparin and 
higher risk of bleeding in circuits received FFP, as further 
inactivation of clotting factors (prothrombin, factor X, 
factor IX) occurs by heparin, leading to further bleeding.

Table  3 also shows that the highest PTT values at the 
end were associated with the risk of bleeding, median of 60 
(IQR 50–75) seconds in the bleeding group; however, no 
statistical significance was found (P value = 0.229) (Table 4).

The majority of cases among circuits not complicated 
with filter clotting used heparin as anticoagulation (23, 
69.7%), and less incidence of clotting was found when a 

Table 1 Anticoagulation data

Anticoagulation data

Anticoagulation type No anticoagulation 3 (5.2%)

Unfractionated heparin 41 (70.7%)

Heparin protamine 13 (22.4%)

Regional citrate 1 (1.7%)

Heparin dose (IU/kg/h) Median (IQR) 10 (10–15)

Heparin bolus (IU/kg) Median (IQR) 20 (20–35)

PTT (sec) 1st Median (IQR) 34 (29–44)

PTT after 4 h (according to our 
protocol)

Median (IQR) 45 (40–55)

PTT (sec) 2nd day Median (IQR) 55 (45–67)

PTT (sec) end of session Median (IQR) 60 (48–70)

Antithrombin III % pre-heparin Median (IQR) 80 (70–88)

Normal (80–120) 38 (66.7%)

 < 80 19 (33.3%)

Antithrombin III % post-heparin Median (IQR) 60 (40–70)

Normal (80–120) 45 (78.9%)

 < 80 12 (21.1%)

Table 2 Consequence at the end of sessions among the studied cases

Total no. = 58

Duration of sessions in hours (procedure survival) Median (IQR) 48 (24–72)

Range 10–168

(< 24 h) 5 (8.6%)

(24–72) h 45 (77.6%)

(> 72) h 8 (13.8%)

Thrombosed filter Not clotted 33 (56.9%)

Clotted 25 (43.1%)

End result of sessions No filter clotting, indication cured 16 (27.6%)

Filter clotting, without resolution of indication 8 (13.8%)

Filter clotting, indication cured 17 (29.3%)

Life-threatening bleeding 9 (15.5%)

Death 8 (13.8%)

Mortality Survived 50 (86.2%)

Died 8 (13.8%)

Severity of bleeding No 39 (67.2%)

Mild 10 (19.0%)

Life-threatening 9 (13.8%)

Bleeding No 39 (67.2%)

Yes 19 (32.8%)
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higher bolus dose was used (median 27.5 IQR 20–35); 
however, no statistical significance was found regarding 
this finding (P value = 0.817, 0.326).

APTT values at the end of sessions and incidence of 
filter thrombosis were highly significant statistically (P 
value = 0.000), the more the PTT values the less the risk 
of clotting, (median a PTT at the end in clotted circuits 
was 49, and 67 in non-clotted circuits), means that the 
circuits were properly heparinized.

Platelet sum after 4  h of CRRT initiation and fre-
quency of filter thrombosis showed a statistical signifi-
cance (P value = 0.048), the more the platelet count after 
4 h, the higher the risk of filter clotting. Platelet counts 
were documented prior to sessions, mild thrombocy-
topenia (less than 80) was found in 36 cases, moderate 
thrombocytopenia (40–80) in 17 cases, severe throm-
bocytopenia less than 40 in 5 cases, platelet drop also 
was attributed to heparin-induced thrombocytopenia.

Table 3 Relation between bleeding incidence and anticoagulation data

P value > 0.05 non-significant; P value < 0.05 significant; P value < 0.01 extremely significant
a Chi-square test
b Mann-Whitney test

Anticoagulation data No bleeding Bleeding Test value P value Sig
No. = 39 No. = 19

Anticoagulation type No anticoagulation 2 (5.1%) 1 (5.3%) 0.547a 0.908 NS

Unfractionated heparin 27 (69.2%) 14 (73.7%)

Heparin protamine 9 (23.1%) 4 (21.1%)

Regional citrate 1 (2.6%) 0 (0.0%)

Heparin dose (IU/kg/h) Median (IQR) 10 (10–15) 10 (10–15)  − 0.676b 0.499 NS

Heparin bolus (IU/kg) Median (IQR) 20 (20–35) 30 (10–35)  − 0.033b 0.974 NS

Plasma transfusion No 30 (76.9%) 9 (47.4%) 5.066a 0.024 S

Yes 9 (23.1%) 10 (52.6%)

PTT (sec) 1st Median (IQR) 33 (29–40) 35 (27–45)  − 0.373b 0.709 NS

PTT after 4 h Median (IQR) 45.5 (40–55) 45 (42–62)  − 0.424b 0.671 NS

PTT (sec) 2nd day Median (IQR) 55 (43–69) 55 (46–67)  − 0.441b 0.660 NS

PTT (sec) end of session Median (IQR) 60 (44–70) 60 (50–75)  − 1.203b 0.229 NS

Table 4 Relation between thrombosed filter incidence and anticoagulation

Anticoagulation data Thrombosed filter Test value P value Sig

Not clotted Clotted

No. = 33 No. = 25

Anticoagulation type No anticoagulation 2 (6.1%) 1 (4.0%) 0.934 0.817 NS

Unfractionated heparin 23 (69.7%) 18 (72.0%)

Heparin protamine 7 (21.2%) 6 (24.0%)

Regional citrate 1 (3.0%) 0 (0.0%)

Heparin dose (IU/kg/h) Median (IQR) 10 (10–15) 10 (10–15)  − 0.888 0.374 NS

Heparin bolus (IU/kg) Median (IQR) 27.5 (20–35) 20 (15–35)  − 0.982 0.326 NS

Plasma transfusion No 22 (66.7%) 17 (68.0%) 0.011 0.915 NS

Yes 11 (33.3%) 8 (32.0%)

PTT (sec) 1st Median (IQR) 37.5 (29.6–44.5) 30 (27–40)  − 1.919 0.055 NS

PTT after 4 h Median (IQR) 50 (42.5–55) 45 (38–51)  − 1.717 0.086 NS

PTT (sec) 2nd day Median (IQR) 58 (46–70) 53 (42–60)  − 1.175 0.240 NS

PTT (sec) end of session Median (IQR) 67 (60–73) 49 (40–60)  − 3.776 0.000 HS

PLTs count after 4 h (×  109/L) Median (IQR) 107 (60–192) 180 (100–283)  − 1.981 0.048 S
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Pressure drop and TMP at the end of sessions were 
statistically significant with the incidence of filter clot-
ting (P values = 0.001 and 0.002 consecutively) (Figs. 1, 
2, 3, and 4).

The median duration of sessions was 45 IQR (24–48) 
in cases with AT III less than 80 and 48 (IQR 24–72) 
in sessions with normal AT III values. AT III val-
ues less than 80 were found in patients who received 
higher doses of heparin bolus dose, median dose 
35(IQR 20–35), this relation is statistically significant 
(P value = 0.042), the majority of cases (21, 55.3%) ter-
minated without filter clotting, showed normal AT III 
values, means that AT III deficiency before sessions is 
a predictor of filter clotting as it interferes with proper 
heparinization (Table 5).

AT III values less than 80 were found in 15.8% of cases 
complicated with life-threatening bleeding, 8 cases 
(42.1%) of AT III values less than 80 terminated with fil-
ter clotting, and 6 cases (31.6%) with AT III values less 
than 80 received FFP. No statistical significance was 
found regarding these relations (P values > 0.05).

Discussion
The primary focus of larger, high-quality studies has been 
on optimum anticoagulation. However, CRRT is intri-
cate, and filter life is influenced via a circuit, vascular 
access, and management factors [7].

Anticoagulation is typically necessary to preserve cir-
cuit patency and should be administered at a low dose to 
prevent hemorrhage difficulties [4].

Fig. 1 Outcome at the end of CRRT sessions

Fig. 2 Relation between bleeding and the need for plasma transfusion
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RCA and unfractionated and low molecular weight 
heparin are among the agents employed [4].

In 2021, Kang et al. performed a study on 31 cases at 
high risk of bleeding to examine the efficacy and safety 
of RCA after CRRT. The cases were categorized into two 
groups: the RCA group (n = 17) and the no anticoagula-
tion group (NA, n = 14). The study showed that RCA 
treatment considerably improves the clinical condition 
of cases at high risk of bleeding after CRRT, while also 

effectively and safely prolonging the filter life and pre-
venting coagulation incidences.

In 2017, Raymakers-Janssen et al. performed a study 
on infants who received CRRT with the smallest filter in 
the PICU between November 2011 and November 2016 
[8]. Citrate and heparin were administered in accord-
ance with a rigorous protocol. Their primary endpoint 
was the circuit survival time. The median circuit sur-
vival time with heparin was 46.5 h, whereas it was 72 h 

Fig. 3 Relation between the thrombosed filter and PTT (sec) at the end of the session

Fig. 4 Relation between the thrombosed filter and platelets count after 4 h
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with citrate (p < 0.001). The median circuit survival 
time with heparin was 21 h (IQR 14.5–27.5), whereas it 
was 45.2 h (IQR 37.5–52.8) with citrate (p < 0.001). This 
statistical significance suggests that the survival time of 
the circuit is significantly boosted by the use of regional 
citrate, which should lead to an improvement in the 
efficiency of CRRT in comparison to heparin.

The present study cannot be linked with this inves-
tigation, as only one circuit was anticoagulated with 
RCA.

In terms of hemorrhage or filter thrombotic complica-
tions, this study exhibited no significant difference in the 
outcome of sessions among the various methods used for 
anticoagulation (P value = 0.908, 0.817, consecutively). 
This discovery is in accordance with the clinical guideline 
established by Zhang et  al. [9], which recommends that 
CRRT be performed without anticoagulation in patients 
with a contraindication to citrate and an elevated bleed-
ing risk. Nevertheless, the efficacy of CRRT which is not 
anticoagulated remains inconsistent. The aim of that sys-
tematic review was to evaluate the safety and efficacy of 
CRRT which is free of anticoagulants. The filter’s lifespan 
and the risk factors for filter failure were the primary out-
comes [10].

The anticoagulation-free and systemic heparin groups 
did not exhibit a significant difference in the filter’s lifes-
pan. The RCA protocol appears to be preferable to the 
anticoagulation-free protocol (p = 0.53) in terms of fil-
ter lifespan (p < 0.001). Nevertheless, the conventional 
coagulation parameters exhibited subpar predictive per-
formance for filter failure, necessitating the use of antico-
agulants prior to CRRT [11, 12].

The optimum anticoagulation approach for seriously 
ill cases with an elevated bleeding risk may be RCA, pro-
vided that it is closely monitored.

The primary outcome of the 2022 study conducted 
by Zhang et al. was the development and validation of a 
model to anticipate the adequate filter lifespan in anti-
coagulation-free CRRT cases (≥ 24 h) [13]. The develop-
ment cohort consisted of 170 patients. In 80 cases, the 
filter longevity was adequate. APTT was one of thirteen 
variables that were independent predictors of sufficient 
filter lifespan in a logistic regression analysis.

This is in accordance with the results of the cur-
rent study, which showed a statistically significant link 
between the value of APTT at the conclusion of a ses-
sion and filter thrombosis in heparinized circuits (P 
value = 0.000). Sessions that were not complicated by 

Table 5 Relations of antithrombin III percentage % pre-heparin infusion

P value > 0.05 non-significant; P value < 0.05 significant; P value < 0.01 highly significant
a Chi-square test
b Mann-Whitney test

Antithrombin III % pre-heparin Test value P value Sig

Normal (80–120)  < 80

No. = 38 No. = 19

Plasma transfusion No 25 (65.8%) 13 (68.4%) 0.039a 0.843 NS

Yes 13 (34.2%) 6 (31.6%)

Thrombosed filter Not clotted 21 (55.3%) 11 (57.9%) 0.036a 0.850 NS

Clotted 17 (44.7%) 8 (42.1%)

Bleeding No bleeding 24 (63.2%) 14 (73.7%) 0.632a 0.427 NS

Bleeding 14 (36.8%) 5 (26.3%)

Duration of session hours 
(technique survival)

Median (IQR) 48 (24–72) 45 (24–48) -0.757b 0.449 NS

Range 10–168 12–168

(< 24 h) 3 (7.9%) 2 (10.5%) 1.844a 0.398 NS

(24–72) h 28 (73.7%) 16 (84.2%)

(> 72) h 7 (18.4%) 1 (5.3%)

Patient bleeds No 24 (63.2%) 14 (73.7%) 1.409a 0.494 NS

Mild 9 (23.7%) 2 (10.5%)

Life-threatening/pulmonary 
hemorrhage

5 (13.2%) 3 (15.8%)

Heparin dose (IU/kg/h) Median (IQR) 10 (10–15) 10 (10–15)  − 0.656b 0.512 NS

Range 5–20 10–20

Heparin bolus (IU/kg) Median (IQR) 20 (10–35) 35 (20–35)  − 2.030b 0.042 S

Range 10–35 20–35
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filter clotting had a median APTT value of 67 s, while the 
median APTT value until the filter clotting event hap-
pened was 49 s. This discovery is also in accordance with 
the findings of Matthew et al. [4].

Conclusion
The incidence of bleeding was 32.8% among the 58 cases 
that were studied, although it was not severe in 19%. The 
incidence of filter clotting was 43.1% in the study group. 
The heparin bolus dose also influenced antithrombin III 
levels before CRRT. The majority of cases (21, 55.3%) 
terminated without filter clotting and exhibited normal 
AT III values. This suggests that AT III deficiency prior 
to sessions is a predictor of filter clotting, as it interferes 
with proper heparinization.

Circuit survival and filter clotting were strongly cor-
related a PTT values at the end of sessions, and platelet 
values after 4 h of starting sessions.
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