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ABSTRACT
L i Background: Regarding the prevalence of chronic renal disease and CVC (central venous
Article info: i catheterization) complications, this systematic review and meta-analysis was performed to
Received: 24 Jul 2020 i determine the prevalence of CVC complications in Iran.
First Revision: 21 Aug 2020 i Methods: In this systematic review and meta-analysis, based on the PRISMA (Preferred
Accepted: 11 Oct 2020 i Reporting Items for Systematic Reviews and Meta-Analyses) protocol, all Iran and
Published: 30 Mar 2021 i international databases from 2000 to 2019 were investigated using keywords of fever during

or after dialysis, redness of the catheter insertion site, swelling, tenderness (touch sensitivity),
infection, thrombosis, inadequate catheter (catheter malfunction), hemothorax, and pus outflow
(pus drainage). The search was conducted by two members of the research team (MB, AT). In
case of any disagreement between them, the quality of the investigation was examined by the
third person (AB). In the present study, we analyzed data using comprehensive meta-analysis
software.

Results: According to this study’s findings, 12 articles with a total sample of 1395 patients

were included in the systematic review and meta-analysis. Our findings were as follows: the

i prevalence of hemodialysis infection was 26.6% (95%CI: 16.2%-40.6%) (12=95.5, P<0.001,

Keywords: Q=236.66), the prevalence of thrombosis was 18.3% (95%CI: 11.2%-28.6%), and the

Hemodialysis, Sysematic prevalence of inadequate catheter (catheter malfunction) was 16.1% (95%CI: 9.2%-26.7%).

review and meta-analysis, Conclusion: The prevalence of CVC complications was significant in hemodialysis patients.
Central venous catheter, Iran i Therefore, appropriate interventions should be provided to reduce these complications.
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1. Background

1l over the world, approximately 10% of

the global population, and more than 2

million people suffer from Chronic Kid-

ney Disease (CKD) [1, 2]. In CKD pa-

tients, the kidneys cannot maintain the
metabolic state and fluid and electrolyte balance [3].
Hemodialysis is one way to manage this chronic disease
[4-6]. Although hemodialysis prolongs the life of CKD
patients, it has numerous physical and psychological
complications [7]. These problems include decreased
quality of life and life expectancy, and issues such as
stress, anxiety, and depression [8-10].

There are various ways to access the vessels of patients
for their hemodialysis. One of these methods is using the
Central Venous Catheter (CVC) [11]. CVC has various
complications for patients that may even end the patient’s
life [12]. These complications include infection, thrombo-
sis, fever and chills, pus outflow, tenderness, hemothorax,
pneumothorax, catheter dysfunction, and allergy [13-15].

Infection is one of the most acute side effects of CVC
that can cause various problems for the patient and the
healthcare system. Thus, mortality and hospitalization
and treatment costs related to CVC infection are among
the most critical issues associated with its use [16, 17].
Blood Stream Infection (BSI) has been identified as the
second leading cause of death in CKD patients [18, 19].

Thrombosis is another complication of CVC inser-
tion. In a study on 51049 samples, thrombosis with a
prevalence of 1.81% has reported as a second important
complication after a port insertion [20]. In a Smitherman
study on a pediatric group, the thrombosis prevalence
was 3.2% [21], which is a very notable number. Other
complications were hemothorax and pneumothorax,
with a prevalence rate of 1.5% to 6% (which depends on
the surgeon’s experience) [22].

Given the prevalence of CKD and the role of CVC com-
plications in endangering patients’ health, this SR/Mas (Sys-
tematic review and meta-analysis) study was performed to
determine the prevalence of CVC complications in Iran.

2. Materials and Methods

Study protocol

This research is an SR/Mas study (Figure 1) based on
the PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) checklist [23].
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Literature-search strategy

We searched Google Scholar search engine and all of
Iran’s internal databases such as SID, Regional Informa-
tion Center for Science and Technology (RICeST), Ma-
giran, Irandoc, Barakat knowledge network system, Ira-
nian National Library, and international databases such
as PubMed, Medline International Cochrane Library,
Scopus, Science Direct, Web of Sciences, Embase, and
EBSCO.

The keywords for searching included central venous
catheter, catheter, hemodialysis, chronic renal failure,
dialysis, complications, infection, fever during dialysis
or after dialysis, catheter insertion redness, swelling, ten-
derness, infection, thrombosis, catheter malfunction, he-
mothorax, pus outflow, and allergy using the AND, OR,
NOT search strategy. It should be noted that the Persian
equivalent of these keywords were also searched. The
search was conducted by two members of the research
team (MB, AT), and in case of any disagreement be-
tween them, the quality of the investigation was investi-
gated by the third person (AB). An example of a search
strategy on PubMed is attached.

The Inclusion and Extraction Criteria
The inclusion criteria

All articles investigating the complications of CVC
(fever during dialysis or post dialysis, catheter inser-
tion redness, swelling, tenderness, infection, thrombosis,
catheter malfunction, hemothorax, and pus outflow, he-
mothorax and allergy) among Iranian hemodialysis pa-
tients were included in the study.

The exclusion criteria

Duplicate studies, case reports studies, SR/Mas, quali-
tative studies, the studies that data were not reported
were excluded.

Data extraction and outcome measures

To extract the data, we formed a checklist, including
author’s name, year of publication, place, the number
of study participants, mean age, fever during dialysis
or post dialysis, redness of catheter insertion, swelling,
tenderness, infection, thrombosis, catheter malfunction,
hemothorax, and the pus outflow.
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Initially, 98 articles were identified in initial search and entered into the study,
and the article was systematically reviewed i

S

23 non-relevant articles the |
subject :

4 articles covering non-lranian sample i
size and a review articles '
i

—_————

Figure 1. Flowchart for systematic review and meta-analyses

Quality assessment and statistical analysis

In the present study, we analyzed data using compre-
hensive meta-analysis software. For evaluating the het-
erogeneity of CVC complications, Cochran’s Q test and
12 were used. The diversities of the studies were in three
sections: less than 25% (low heterogeneity), 25%—75%
(moderate heterogeneity), and more than 75% (high
heterogeneity). Regarding studying heterogenicity (12
= 94.88, Q = 430.02 m, P < 0.001), we have applied
DerSimonian and Laird’s random-effects model for
combining the studies. Also, we used Kendall’s tau in
Begg and Mazumdar test and Funnel plot (Figure 2) to
examine publication bias.

3. Results

Table 1 presents the findings from the articles entered
into the systematic review and meta-analysis. Of 2000
found articles, 12 articles were entered into the system-
atic review and meta-analysis phase. The total sample
size was 1395 patients, extracted from these articles.
Twelve studies evaluated infection, 5 studies thrombo-
sis, 5 studies catheter malfunction, 3 studies hemotho-
rax, 3 studies fever, 2 studies catheter erythema, 2 stud-
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ies stiffness, 2 studies touch sensitivity, and 2 studies pus
drainage.

According to the findings, the prevalence of infec-
tion during the dialysis was 26.6% (95% CI: 16.2%—
40.6%), (12=95.5, P<0.001 Q=236.66) (Figure 3); the
prevalence of fever during dialysis was 61.8% (95%CI:
11.5%-95.2%) (Figure 4); the prevalence of catheter
erythema was 37.5% (95%CI: 31.5%43.8%) (Fig-
ure 5); the prevalence of stiffness was 42.8% (95%CI:
13.1%-78.8%) (Figure 6); the allergy prevalence was
49.9% (95% CI: 6.2%93.7%) (Figure 7); thrombosis
prevalence was 18.3% (95% CI: 11.2%-28.6%) (Fig-
ure 8); catheter malfunction prevalence was 16.1%
(95%CI: 9.2%-26.7%) (Figure 9); hemothorax preva-
lence was 0.9% (95% CI: 0.3%-3.1%) (Figure 10) and
pus drainage prevalence was 21.5% (95% CI: 2.2%—
76.7%) (Figure 11).

4. Discussion

The present study is the first systematic review and
meta-analyses of CVC-related complications in Iran,
which will be discussed compared to other studies.

The prevalence of central venous catheter-related in-
fection was 26.6% (95% CI: 16.2%—-40.6%). In a re-
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Table 1. Articles entered into the systematic review and meta-analysis phase
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Figure 2. Funnel plot
Z=1.16, P=0.243.

view study by Dreesen et al. on 39 studies in the group
of home parenteral nutrition patients, the prevalence rate
of central venous catheter-related infections was be-
tween 0.38 and 4.58 per 1000; more than half of these
infections were Gram-positive bacteria [34]. Also, in the
meta-analysis study by Ramritu et al., 3 studies were re-
viewed; the rate of infection in jugular access was 8.6%
and in subclavian access was 2.24% [35]. The Zhang et
al. cohort study showed that in Italian hemodialysis pa-
tients, the prevalence of CR blood stream infection was
0.84 for each 1000 catheter-day [36]. Silva et al. on the
hemodialysis patients showed that the CRI rate was 0.6
to 6.5 per 1000 [37].
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According to the findings, the prevalence of throm-
bosis was 18.3% (95%CIL: 11.2%-28.6%), and the
prevalence of catheter malfunction was 16.1% (95%CI:
9.2%-26.7%). Ostlund et al. showed that the incidence
rate for CVC-related Venous Thrombosis (VT) was 29.6
per 1000 [38]. Also, in the study of Hughes et al. on he-
modialysis patients in Nigeria, the dislodging rate was 6
(5.5%), and the low flow rate was 9 (8.3%) [39].

5. Conclusion

The prevalence of CVC complications was significant
in hemodialysis patients. Therefore, appropriate inter-

ventions should be considered to reduce these compli-

Study name Statistics for each study Event rate and 95% CI
Event Lower Upper

rate limit limit Z-Value p-Value
Hemati.2018 0.494 0420 0569 -0.156 0.876 [ ]
Sanaei.2012 0631 0508 0.739 2.087 0.037 HIl-
Afshar.2015 0.256 0.148 0405 -3.058 0.002 E =
Ghane. 2006 0481 0352 0612 -0279 0.780 E B
Adib-hajbageri. 2014 0.132 0.056 0.280 -3930 0.000 -
Beigi.2012 0.140 0102 0.190 -9.819 0.000 [ |
Samani. 2015 0.054 0.031 0.093 -9599 0.000 [ ]
Sepas.2019 0.165 0113 0.235 -7.247 0.000 [ |
Soleymanian. 2017 0.100 0.056 0.171 -6.945 0.000 [
Sanavi. 2007 0670 0580 0.749 3.586 0.000 B
Zafarghandi. 2013 0200 0103 0352 -3507 0.000 R =
Shahmoradi. 2013 0.330 0260 0409 -407/8 0.000 [ ]

0.266 0162 0406 -3.144 0.002 <49

-1.00 -0.50 0.00 0.50 1.00

Meta Analysis
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Study name Stafistics for each study Event rate and 95% Cl

Event Lower Upper

Relative Std
rate  limit limit Z-Value p-Value weight Residual
Hemati.2018 0774 0705 0831 6713 0000 . 3528 0.43
Ghane. 2006 0950 0848 0985 4716 0000 3279 1.34
Adib-hajbagen. 2014  0.053 0013 0.188 -3.982 0000 3193 -1.79
0618 0115 0952 0373 0709
-1.00 -0.50 0.00 0.50 1.00
Meta Analysis
. . . . International Journal of . -
Figure 4. Prevalence of fever during dialysis Medical Toxicology & Forensic Medicine
Study name Statistics for each study Event rate and 95% CI

Event Lower Upper

Relative Std
rate limit limit Z-Value p-Value weight Residual
Hemati. 2018 0.381 0.311 0.456 -3.073 0.002 . T2.85 0.33
Sanaei 2012 0.358 0.251 0.481 -2.257 0.024 - 2715 -0.33
0.375 0315 0438 3799  0.000 &
-1.00 -0.50 0.00 0.50 1.00
Meta Analysis
. International Journal of . -
Figure 5. Prevalence of catheter erythema Medical Toxicology & Forensic Medicine
Stu name Statistics for each study Event rate and 95% CI
Event Lower Upper Relative Std
rate limit limit ZValue pValue weight Residual
Hemati. 2018 0250 0.191 0.321 -6.203 0.000 - 50.65 -1.00
Sanaei. 2012 0.631 0.508 0.739 2087 0.037 4935 1.00
0.428 0.131 0.7588 -0.357 0.721
-1.00 -0.50 0.00 0.50 1.00
Meta Analysis
International Journal of
Figure 6. Prevalence of stiffness Medical Toxicology & Forensic Medicine
Study name Statistics for each study Event rate and 95% CI

Event Lower Upper

Relative Std
rate limit limit Z-Value pValue

weight Residual

Hemati 2018 0202 0148 0269 -7.192  0.000 [ | 5039 -1.00
Sanaei 2012 0800 0685 0880 4471 0000 e 49 61 1.00
0499 0062 0937 -0.003 0997
-1.00 -0.50 0.00 0.50 1.00
Meta Analysis
. . International Journal of . -
Figure 7. Prevalence of touch sensitivity Medical Toxicology & Forensic Medicine
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Study name Statistics for each study

Event Lower

Eventrate and 95% CI

Upper Relative Std
rate limit limit Z-Value p-Value weight Residual
Afshar2015 0.232 0.130 0380 -3313 0.001 E 17.89 0.47
Beigi.2012 0.074 0.047 0114 -10.311 0000 20.92 -1.80
Sepas.2019 0.207 0149 0281 -6.553 0000 - 21.87 0.27
Zafarghandi. 2013 0.200 0103 0352 -3507 0000 E = 16.99 017
Shahmoradi. 2012 0.270 0.205 02347 -5408 0000 - 22.33 0.91
0.183 0112 0286 -5.066 0000 *
-1.00 -0.50 0.00 0.50 1.00
Meta Analysis
International Journal of
Figure 8. Prevalence of thrombosis Medical Toxicology & Forensic Medicine
Study name Stafistics for each study Event rate and 95% CI
Event Lower Upper Relative Std
rate limnit limit ZValue p-Value weight Residual
Afshar.2015 0023 0003 0147 -2.685 0.000 7.82 -1.87
Ghane. 2006 0074 0028 0181 -4.861 0.000 [ o 17.70 -1.24
Adib-hajbagen. 2014 0184 0090 0339 -3.558 0.000 -.— 2099 0.25
Beigi.2012 0193 0148 0247 -2 0.000 . 2963 0.44
Zafarghandi. 20132 0325 0199 0483 -2165 0030 B 2386 1.57
0.181 0092 0267 -5.044 0.000 ‘.
-1.00 -0.50 0.00 0.50 1.00
Meta Analysis
. . International Journal of . .
Figure 9. Prevalence of catheter malfunction Medical Toxicology & Forensic Medicine
Stu narme Statistics for each study Event rate and 95% CI
Event Lower Upper Relative Std
rate limit limit ZValue p\Value weight Residual
Afshar 2015 0.011 0.001 0157 -3.140 0.002 2045 0.19
Ghane. 2006 0.018 0.002 0.120 -3.907 0.000 3949 0.88
Beigi 2012 0.004 0.001 0.029 -5.429 0.000 40.08 -1.04
0.009 0.003 0.031 731 0.000
-1.00 -0.50 0.00 0.50 1.00
Meta Analysis
. International Journal of . -
Figure 10. Prevalence of hemothorax Medical Toxicology & Forensic Medicine
Study name S ics for each study Event rate and 95% CI
Event Lower Upper Relative Std
rate limit limit Z-Value p-Value weight Residual
Hemati.2018 0.071 0.041 0121 -8.611 0.000 4979 -1.00
Sanaei 2012 04582 0.373 0.612 -0.129 0.897 5021 1.00
0.215 0.022 0.767 1.0 0.307
-1.00 -0.50 0.00 0.50 1.00

Meta Analysis

Figure 11. Prevalence of pus drainage
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cations. The essential CVC complication is infection.
The role of the healthcare providers is very notifiable for
improving this situation by patient’s education and by
encouraging them to do self-care behaviors.
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