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Abstract

Background: Intravenous catheterization is a routine technique in medical centers which can cause diverse problems such as
thrombophlebitis.

Objective: This study aimed to resolve replacement scheduling and proper cannula diameter and position issues for intravenous catheters.
Methods: In this 2015 experimental cohort study, 232 hospitalized patients receiving medication intravenously were assessed for the
occurrence of thrombophlebitis (TF). Involved TF factors such as age, gender, cannula size, site of cannula in hand veins, duration of usage,
and underlying disease were evaluated in patient and healthy control groups.

Results: TF developed in 55 of 232 patients. The percentages of incidence were similar in men and women (30%). The patient mean age was
lower than that of the control, but the difference was not significant. Average weight was significantly higher in the patient group than in the
control group. The average duration of cannula in situ was significantly lower in patients than in the control group. The highest rate of TF
occurred in the narrowest cannula usage and dorsal hand vein positions. The mean time of developing TF was lower than that indicated in
CDC guidelines. Furthermore, 24 patients with TF (34%) had diabetes mellitus.

Conclusion: In the current study, the percentage of TF occurrence was higher in patients with weight increase, use of narrower cannulae,
dorsal hand vein positions, and a history of diabetes. Furthermore, TF can develop within 72 hours. It was concluded that some patients may
be more susceptible to TF and require more care. Accordingly, the CDC guidelines’ offered scheduling for intravenous catheter replacement is
not trustworthy.
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1. Background

Intravenous catheterization is a routine technique for
delivering medication which is required by up to 70% of
hospitalized patients [1], but it can lead to clinical problems
[2]. Thrombophlebitis (TF) - inflammation of the
catheterized vein — is one of these problems [2, 3]. Its
incidence rates vary widely from 5.3% [4] to 77.5% of all
inserted catheters [5], 27 cases per 100 subjects. or 104
cases per 1000 catheter days [6]. TF can be caused by
mechanical, chemical, or infectious factors at the
traumatized branch of the wvein around the point of
intravenous catheter insertion [7].

There is a huge body of literature about TF, but
unfortunately there are no standard markers or criteria for
its diagnosis [8]. It is usually identified by such markers as
redness, warming, swelling, inflammation, erythema, pain,
hardening along the vein, and cord-like veins [9]. Based on
its symptoms, a phlebitis scale was developed by the
Infusion Nurses Society. According to it, TF is graded into
six different categories [7]. TF may occur because of
patient-related reasons (e.g., sepsis) or economic origins
(e.g., extra nursing workload) [9, 10]. This clinical
complication can impose large costs on medical and health
managing systems worldwide [2]. Moreover, there is some
association between TF and several other disorders such as
deep vein thrombosis (DVT) [11], pulmonary embolism
[12], and even cancers [13, 14]. Therefore, the prevention

or early diagnosis and treatment of TF are very important
issues [2].

There is some controversy among studies of TF. It has
been reported that TF occurrence is higher in some veins
and positions and is also higher in females than in males
[3]. Cicolini et al. reported a higher prevalence of TF in
female patients than in male and proposed some safer veins
(especially cubital fossa veins) for cannula insertion [15].
They also stated that small sizes of cannula can reduce TF
incidence [15]. In contrast, Myrianthefs reported a higher
rate of TF with cannulae with a lesser diameter [16]. In
another study, no relation between gender and TF was
reported [17]; however, Lundgren et al. reported a higher
incidence of TF in males [18]. Higginson proposed that
inappropriate sites for PVCs (peripheral vein catheters) can
increase the incidence of TF [7], but Lee et al. showed that
the cannula insertion site is not an independent risk factor
for TF [10].

There are some instructions for cannula replacement and
length of time for cannula in situ. Some, like CDC 2002,
believe that replacing catheters every 72-96 hours (known
as the routine replacement method) is a safe protective
procedure for reducing TF incidence [19]. Other evidence,
however, contradicts this idea. For example, Grine et al.
(2003) and Myrianthefs (2005) reported that routine
replacement is not protective for TF and patients require
daily monitoring [6, 20]. The CDC 2011 guidelines have
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labelled the catheter replacement method as an unresolved
matter which needs more investigation [21].

2. Objective

The aim of the current study was to achieve a better
understanding of superficial TF risk factors, compare them
between patients and healthy subjects, and evaluate whether
or not the routine replacement method can prevent TF.

3. Methods

This observational-comparative cohort survey was carried
out in 2015 on 232 patients in two separate groups (patient
and control) at an Iranian hospital located in Tehran. The
subjects were randomly sampled based on inclusion and
exclusion criteria. Inclusion criteria were no fatal
underlying disease such as cancer, hepatitis, etc. and no
translocation to another care ward. Exclusion criteria were
discharge before 72 hours of cannula insertion (in patients
with no TF), receipt of specific drugs (such as
immunosuppressant), and presence of other vascular
problems such as cellulite. Considering these criteria, 11
patients were excluded from the study.

All patients had PVCs for medication of four common
sizes: 16, 18, 20, and 22 gauge. The catheters were inserted
in four routine sites: dorsal hand, forearm, elbow veins, and
arm veins. Only one PVC per subject was observed and
evaluated in this study. The patients were regularly
examined by a specialist (2nd author) for TF. Diagnoses
were made by detecting main TF markers such as erythema,
pain, swelling, warming, and redness along the vein using
the checklist by Lundgren et al. (1993). Major TF risk
factors identified in previous studies, including age, gender,
weight, site of cannula, size of cannula, duration of cannula
in situ, and underlying disease, were assessed. As soon as
TF was detected in a patient, the catheter was removed and
necessary nursing interventions were performed. Then, the
aforementioned risk factors in TF patients and control
subjects were compared. All patients were cared for in one
clinical part of the hospital (general surgery), received
similar medications, and had similar nursing staffs.

Quantitative data regarding frequency, percentile, and
mean + SE was analyzed. Differences between the two
groups were assessed using one-way ANOVA and the chi-
square tests. All statistical analyses were performed by
means of the SPSS® Advanced Statistical™ 16 software
package.

This research conforms to the ethical guidelines of the
World Medical Association Declaration of Helsinki, 2008).
Moreover, all patients gave consent to participate, and local
ethical rules were fully considered.

4. Results

This study evaluated a total of 232 patients, of which 93
subjects (~40%) were female and 139 (~60%) were male.
The age of participants ranged from 13 to 93 years (mean
age = 56.5+17.03). A total of 70 patients_developed TF
(30.1%), of which 28 subjects were female and 42 were
male (Table 1). The prevalence was similar between men
and women (30%). The average age of patients with TF
was 57.44+2.64 years, which was insignificantly lower than
that of the control (55.46+1.94). The mean weight of the
patients was 73.89+1.56 Kg, which was significantly higher
than the control group (67.88+1.39 kg) (p<0.01). The mean
duration of cannula remaining in situ was 49.5+3.16 hours

in patients with TF, a significantly lower time than in the
control group (72+0.00 hours) (p<0.05). Moreover, 24
patients with TF (34%) had diabetes mellitus; this number
was significantly higher than that of the control group
(p<0.05) (Table 2).

Table 1. TF prevalence data

Variable Overall Control Patient
Male 139 (60%) 97 (70%) 42 (30%)
Female 93 (40%) 65 (70%) 28 (30%)
Total 232 (100%0) 162 (69.8%) 70 (30.1%)
Table 2. Comparison of risk factors between groups
Variable Control Patient P value
Age (years) 55.46+1.94 57.44+2.64 0.05
Weight (kg) 67.88+1.39 73.8911.56 0.05

Cannula in situ (hours) 72.0+0.00 49.5+3.16 0.05

All p values were 0.05

The PVCs assessed numbered 23 (10%) 16 gauge, 70
(30%) 18 gauge, 104 (~45%) 20 gauge, and 35 (15%) 22
gauge. The highest rate of TF (15 cases = 43% of 35)
occurred with the narrowest PVCs (22 gauge), followed by
35% (37 cases) with 20 gauge, 20% (14 cases) with 18
gauge, and 17% (4 cases) with 16 gauge (Table 3). All
differences were statistically significant (P<0.025).

Table 3. Cannula size and TF prevalence

Cannula Size Number With TF (%) P value
16 gauge 23 4 (17%) 0.025
18 gauge 70 14 (20%) 0.025
20 gauge 104 37 (35%) 0.025
22 gauge 35 15 (43%) 0.025
Total 232 70 (30%) 0.025

All p-values were 0.025

The highest rate of phlebitis occurred in dorsal hand veins
(41%) and was significantly higher than other PVC sites
(P<0.000) (Table 4).

Table 4. Cannula locations in hand veins

Location Number With TF P value
Dorsal hand veins 78 (33.6%) 32 (41%) 0.000
Forearm veins 57 (24.56%) 9 (15.7%) 0.000
Cubital fossa veins 65 (28.01%) 20 (30.7%) 0.000
Arm veins 32 (13.79%) 9 (28.1%) 0.000
Total 232 (100%) 70 (100%) 0.000

All p-values were 0.00

5. Discussion

It appears that a series of factors are involved in TF in
hospitalized patients [7, 20]. In the current study, no
differences were observed in statistics between men and
women and prevalence was similar between the two sexes.
Furthermore, the average ages of patients and healthy
subjects were not significantly different. The differences in
mean body weight were significant, however, and thus,
incidence of TF may be higher in patients with a higher
body weight [9, 22].

A higher incidence of TF in dorsal hand veins was
observed, which is consistent with previous studies [15].
Therefore, the insertion of cannula in an appropriate vein
may reduce the risk of TF [9, 23]. It is likely that the
increased risk of TF in dorsal hand veins occurred because
of the flexibility of the joints, which may increase the risk
of mechanical contact between the vessel wall and the tip of
the inserted cannula [24]. The results of this study are
consistent with those of Cicollini et al., who proposed
forearm veins as a cannulation location safe from TF [23].
Another factor was the diameter of the cannula. Its role was
confirmed in the present study; a cannula with a smaller
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diameter (22 gauge) produced a higher risk for TF. Cicolini
et al. (2009) stated, however, that smaller catheter size can
reduce the risk of TF and concluded that the higher rate of
endothelial injury induced by the size of the catheter may
create greater exposure of patients to TF [15]. However,
there is some controversy about this result. Uslusoy et al.
(2008) reported similar risks of TF from using varying sizes
of cannulae; it could be from their study conditions [17].
Karadag and Gorgulu also reported similar risks of TF
occurring with 18- and 20-gauge cannulae [25].
Conversely, Macklin (2003) and Tagalakis (2002) reported
that small catheters reduce the risk of TF, because they
allow better blood flow in neighboring tissues and thus
avoid injury to the vein’s intima [9, 24]. The higher risk of
TF from small catheters in the present study may have been
caused by the greater irritation of intima by mobile narrow
cannulae or possibly from the quick release of drugs into
the veins.

There are two usual methods for clinically indicated or
routine replacement for intravenous catheterization [26].
Nonetheless, there is no agreement about which is
preferred. Maki (2013) reported that these two methods did
not differ for TF [27]. Wu and Casella (2013) also indicated
that routine replacement has no proven advantage [28].
Likewise, Rickard et al. (2012) showed that PVCs can be
removed as clinically indicated, which will prevent millions
of catheterizations and is associated with more comfort for
patients, lower costs, and reduced staff workload [26].
Based on the 2001 guidelines of the CDC (Center for
Disease Control and Prevention), Iranian hospitals use
intravenous injective catheters for a maximum duration of
72 hours. In most studies, TF occurred after 72 hours. In the
current study, TF occurred within about 50 hours after
insertion and spurred a debate. This showed that TF can
develop in lesser time than mentioned in the CDC
guidelines, and if the routine replacement technique is
applied every 72 hours, the risk of TF can rise. Therefore, it
is proposed that close continuous observation of patients
must remain with prompt removal of complicated cannulae
[26].

6. Conclusion

It can be concluded that some patients are more
susceptible to TF and may develop it within less than 72
hours after cannula insertion. This “tendency for phlebitis”
may result from having simultaneous multiple risk factors,
such as higher body weight, underlying disease (such as
diabetes mellitus), and/or a history of TF. Thus, routinely
elective replacement of cannula every 72 hours is not a
reliable preventive method for TF. This study offers that, in
addition to regular replacement of catheters in all patients,
vulnerable subjects must be recognized quickly and given
more care for TF than others.
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