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The inability to rapidly administer warm intravenous 
fluids and blood products can potentially threaten a 
patient’s safety and well-being in many clinical set-
tings. Large-bore intravenous catheters and rapid 
infusion systems are often used in situations where 
rapid blood loss and massive blood transfusion may 
be expected. This study examined the maximum flow 
rate and infusion pressure of various peripherally 
and centrally inserted intravenous catheters using a 
rapid infusion system (ThermaCor 1200 Rapid Infusion 
System, Smisson-Cartledge Biomedical). Nine differ-
ent peripheral and central catheters or lumens were 
studied using 500 mL of 0.9% sodium chloride and 250 
mL of hetastarch. Ten trials were performed. The maxi-

mum flow rates and infusion pressures were noted. 
Data were analyzed using the analysis of variance and 
the Tukey Studentized Range test. 

Statistically significant greater flow rates were 
noted with both 0.9% sodium chloride and hetas-
tarch in most of the peripherally inserted catheters 
compared with the centrally inserted catheters. These 
results suggest that use of this infusion system with 
peripherally inserted catheters may be more effective 
in achieving higher maximum flow rates than with 
centrally inserted catheters. 
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O
ften, traumatically injured patients need 
large-bore intravenous (IV) access to permit 
rapid infusion of blood and replacement 
fluids. Large-bore IV access is also critically 
important in a variety of surgical procedures 

with the potential for rapid blood loss such as cardiac, 
transplant, and vascular surgery. These procedures with 
the potential for rapid blood loss and massive blood trans-
fusion often require the use of large-bore IV catheters in 
addition to the use of specialized rapid infusion systems 
(eg, ThermaCor 1200 Rapid Infusion System, Smisson-
Cartledge Biomedical). A relatively new infusion system, 
the ThermaCor 1200 is designed for the rapid administra-
tion and warming of IV fluids and certain blood prod-
ucts. It is capable of delivering warm IV fluids at a flow 
rate ranging from 10 mL/h to 1,200 mL/min.1 However, 
there are currently no published studies that examine the 
capabilities of this device with various peripherally and 
centrally inserted IV catheters. Therefore, the purpose of 
this study was to compare the maximum flow rate and the 
maximum infusion pressure (driving pressure) for vari-
ous peripherally and centrally inserted IV catheters using 
the ThermaCor 1200 infusion system. 

Materials and Methods
Eight different catheters were examined for this study 
(Table 1). However, 9 different lumens were studied 
in total because one of the centrally inserted IV cath-
eters was a multilumen catheter. The peripherally in-
serted catheters examined included the 18-gauge, 16-
gauge, and 14-gauge safety IV catheters (ProtectIV Plus 
Safety I.V. catheter, Jelco, Smiths Medical) and the 7.0 
French (F) and 8.5F rapid infusion catheter (RIC, Arrow 
International). The centrally inserted catheters examined 
included the 7.0F double-lumen catheter, 8.5F sheath 
introducer, and the 9.0F dual-lumen multiaccess catheter 
(MAC) introducer (all by Arrow International). The IV 
fluids used in this study included room temperature 0.9% 
sodium chloride (normal saline, NS) and hetastarch. A 
rapid infusion system unit (ThermaCor 1200) was used 
to administer the study IV fluids at the maximum flow 
rate achievable with each respective catheter or lumen. 

The infusion system was loaded with a disposable set, 
and this set was then primed with room temperature 
NS. A timed trial was then performed by infusing 250 
mL of NS into a graduated cylinder to ensure the accu-
racy of the device for both the flow rate and the volume 
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infused. After the accuracy was ensured, each respective 
study catheter or lumen was then directly connected to 
the disposable high-flow tubing (ThermaCor 1200). The 
infusion system was set to deliver a flow rate of 1,200 
mL/min and then activated. The maximum flow rate and 
driving pressure observed were noted and recorded. This 
process was repeated 9 times for a total of 10 trials per 
catheter or lumen. This sequence of events was repeated 
for the hetastarch portion of the study. 

Statistical analysis was then performed using the 
analysis of variance (ANOVA) and the Tukey Studentized 
Range (also called Tukey honest significant difference) 
test to compare the average maximal flow rate and 
driving pressure. A P-value below .05 was considered 
statistically significant for this study. The mean and stan-
dard deviation values for each of the catheters or lumens 
were also determined and reported to observe differences 
at the catheter level. 

In our statistical model, the 2 dependent variables of 
flow rate (mL/min) and driving pressure (mm Hg) were 
assessed. Mean and standard deviation were calculated 
for each parameter. Repeated-measures ANOVA was 
used to detect differences among various peripheral and 
central catheters. Fluid type was used as an adjustment 
variable in the model to account for variation among NS 
and hetastarch. A total of 10 trials per catheter or lumen 
were treated as repeated measures (PROC MIXED, 
SAS Enterprise Guide 7.1, SAS Institute Inc). Multiple 
pairwise comparisons were performed to compare each 
peripheral catheter with a central catheter using the 
Tukey Studentized Range test adjustment to keep the 
overall error rate below 5%. All statistical analyses were 
completed using statistical software (SAS Enterprise 
Guide 7.1). 

Results
The minimum, maximum, and mean flow rates and the 
minimum, maximum, and mean driving pressures for 
each catheter using the rapid infusion system and NS are 
listed in Table 2. Both the 8.5F RIC and the 11.2-gauge 
lumen of the 9.0F MAC introducer had mean flow rates 
that reached the maximum flow rate of the infusion 
system of 1,200 mL/min. 

Table 3 lists the minimum, maximum, and mean flow 
rates and the minimum, maximum, and mean driving 
pressures for each catheter using the infusion system 
and hetastarch. The 8.5F RIC had statistically significant 
greater mean flow rates than all other peripheral and 
central IV catheters with the more viscous fluid, hetas-
tarch. 

The mean maximal flow rate and driving pressure by 
both fluid and catheter type are shown in Table 4. Table 
5 shows the comparisons of the mean maximal flow rate 
and driving pressure between catheters. 

Statistically significant greater flow rates were noted 
with both NS and hetastarch in most of the peripherally 
inserted catheters compared with similarly sized central-
ly inserted catheters. Overall, the peripherally inserted 
8.5F RIC outperformed all other peripheral and central 
IV catheters. 

Discussion
The Poiseuille law is often quoted when maximum 
flow rate of IV fluids is discussed. The Poiseuille law is 
defined as:

where Q = flow rate, r = tubular radius, P = pressure 
gradient across a tubular structure, L = tubular length, 

Table 1.  Description of Catheters With Manufacturer-Listed Flow Rates
aThe authors were unable to obtain the internal diameter of several catheters from the manufacturer. See the Materials and Methods 
section for a listing of all the manufacturers.bThe 18-gauge lumen of the double-lumen central line was excluded from this study 
because it is not appropriate for rapid administration of intravenous fluids or blood products with a rapid infusion system.

      Manufacturer- 
  Length Length Diameter Diameter listed flow rates 
Catheter Type (in) (cm) (gauge) (F) (mL/min)

18 gauge Peripheral 1.26 3.2 18 3.8 110

16 gauge Peripheral 1.26 3.2 16 5.0 215

14 gauge Peripheral 1.26 3.2 14 6.3 325

7.0F Rapid infusion Peripheral 2.0 5.08 13.3 7.0 Not provideda 
catheter (RIC)

8.5F RIC Peripheral 2.5 6.35 11.8 8.5 Not provideda

Double-lumen Central 6.3 16 18b 3.8b 21b 
central line    14 6.3 93

8.5F Introducer Central 3.94 10 11.8 8.5 Not provideda

Multilumen access Central 3.94 10 12 8.3 216 
catheter (MAC)    11.2 9.0 550 
introducer

π r4P
8 η LQ = 
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and n = fluid viscosity.2 This mathematical equation is 
based on the principle that the flow of fluid through a 
tubular structure is laminar. However, the flow pattern 
of any rapid infusion system (including the ThermaCor 
1200) is quite turbulent. Although the Poiseuille law 
is not quite applicable to this study in its truest sense, 
it does demonstrate which factors are most impor-
tant during administration of IV fluids under pressure. 
These factors include tubular radius, fluid viscosity, and 
tubular length. 

Tubular radius is extremely important when one 
considers the various determinants associated with the 
Poiseuille law. The flow rate of IV fluids is directly pro-
portional to the fourth power of the internal radius of any 
tubular structure. An example of the importance of this 
fact clinically can be seen in the utilization of large-bore 
IV catheters. If all the other determinants of the Poiseuille 

law are held constant, doubling the diameter of an IV 
catheter increases the flow rate by 16-fold. This dramatic 
increase in flow rate underscores the importance of large-
bore IV catheter selection when one is attempting to reach 
maximum flow rates for various IV fluids. 

Fluid viscosity is also critically important when one is 
examining the determinants of the Poiseuille law and its 
effects on the maximum flow rate of IV fluids. The flow 
rate of IV fluids is inversely proportional to the viscos-
ity of the fluid being administered. Therefore, as viscos-
ity increases, flow through a tubular structure decreases. 
Clinically this concept is of central importance when 
IV fluids are administered rapidly because of the differ-
ent viscosities of commonly administered IV fluids; for 
example, the viscosity of NS is 1.0 cP (centipoise), that of 
hetastarch is 4.3 cP, and that of whole blood is 3.5 cP.3 
Packed red blood cells (RBCs) are even more viscous than 

Table 2.  Infusion Rates and Driving Pressure for Normal Saline

    Minimum Maximum Mean 
 Minimum Maximum Mean driving driving driving 
 flow rate flow rate flow rate pressure  pressure pressure 
Catheter (mL/min) (mL/min) (mL/min) (mm Hg) (mm Hg) (mm Hg)

18 gauge 250 280 263 300 300 300
16 gauge 500 540 524 293 300 295.6
14 gauge 760 830 799 290 296 292.7
7.0F rapid infusion 1,100 1,180 1,137 269 298 284.2 
catheter (RIC)
8.5F RIC 1,200 1,200 1,200 260 269 262.5
Double-lumen central  270 280 277 300 300 300 
line,14 gauge
8.5F Sheath introducer 1,150 1,170 1,156 267 283 281
Multilumen access catheter 
(MAC) introducer

12 gauge 330 350 337 295 300 299.5
11.2 gauge 1,200 1,200 1,200 242 253 245.5

Table 3.  Infusion Rates and Driving Pressure for Hetastarch

    Minimum Maximum Mean 
 Minimum Maximum Mean driving driving driving 
 flow rate flow rate flow rate pressure  pressure pressure 
Catheter (mL/min) (mL/min) (mL/min) (mm Hg) (mm Hg) (mm Hg)

18 gauge 190 210 200 300 300 300
16 gauge 440 460 450 300 300 300
14 gauge 680 740 720 288 300 295.8
7.0F Rapid infusion  1,020 1,070 1,050 268 288 281.4 
catheter (RIC)
8.5F RIC 1,140 1,200 1,178 242 300 284.7
Double-lumen central line 150 180 162 290 300 297.2 
14 gauge
8.5F Sheath introducer 940 980 960 283 291 288.1
Multilumen access catheter 
(MAC) introducer

12 gauge 230 250 243 299 300 299.9
11.2 gauge 1,070 1,130 1,111 289 300 293.5
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Table 4.  Average Maximal Flow Rate and Driving Pressure, by Fluid and Catheter Type
Abbreviation: RIC, rapid infusion catheter.

  Flow (mL/min), Driving pressure (mm Hg), 
Fluid Catheter  mean ± SD mean ± SD

Normal saline Peripheral
 7.0F RIC 1,137 ± 26.7 284.2 ± 8.2
 8.5F RIC 1,200 ± 0 262.5 ± 5.1
 14 gauge 799 ± 23.8 292.7 ± 2.1
 16 gauge 524 ± 14.3 295.6 ± 2
 18 gauge 263 ± 8.2 300 ± 0
 Central 
 8.5F 1,156 ± 7 281 ± 6.8
 11.2 gauge 1,200 ± 0 245.5 ± 3.5
 12 gauge 337 ± 6.7 299.5 ± 1.6
 14 gauge 277 ± 4.8 300 ± 0
Hetastarch  Peripheral
 7.0F RIC 1,050 ± 15 281.4 ± 6.3
 8.5F RIC 1,178 ± 20 284.7 ± 17
 14 gauge 720 ± 17 295.8 ± 5
 16 gauge 450 ± 6.7 300 ± 0
 18 gauge 200 ± 4.7 300 ± 0
 Central 
 8.5F 960 ± 15.6 288.1 ± 3.7
 11.2 gauge 1,111 ± 18 293.5 ± 3.1
 12 gauge 243 ± 8.2 299 ± 0.31
 14 gauge 162 ± 9.2 297.2 ± 0.3

Table 5.  Comparison of Average Maximal Flow and Driving Pressure Between Type of Catheters
Abbreviations: c, central; p, peripheral.
a Multiple pairwise comparisons were performed using the Tukey Studentized Range (honest significant difference) test to adjust for 
fluid type. P-values less than .05 were considered significant. 

 Difference in Difference in driving 
Catheters compared flow P-valuea pressure P-valuea

7.0F p vs 8.5F c .001 .99

8.5F p vs 8.5F c < .001 .013

7.0F p vs 11.2 gauge c < .001 < .001

8.5F p vs 11.2 gauge c .003 .92

7.0F p vs 12 gauge c < .001 < .001

8.5F p vs 12 gauge c < .001 < .001

14 gauge p vs 12 gauge c  < .001 .69

16 gauge p vs 12 gauge c < .001 .513

18 gauge p vs 12 gauge c < .001 .99

14 gauge p vs 14 gauge c  < .001 .88

16 gauge p vs 14 gauge c < .001 .99

18 gauge p vs 14 gauge c 0 .88 .99

7.0F p vs 14 gauge c < .001 < .001

8.5F p vs 14 gauge c < .001 < .001

14 gauge p vs 11.2 gauge c < .001 < .001

16 gauge p vs 11.2 gauge c < .001 < .001

18 gauge p vs 11.2 gauge c < .001 < .001

7.0F p vs 8.5F p < .001 .073

8.5F c vs 11.2 gauge c < .001 < .001
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these commonly administered fluids. This is of great clini-
cal concern given that packed RBCs are often required 
during rapid fluid resuscitation to restore intravascular 
volume and provide tissue oxygenation. Hetastarch was 
used in this study because packed RBCs are difficult to 
acquire and it is the most viscous of all the IV fluids com-
monly available to the average healthcare provider. 

Finally, tubular length is also a key concept when one 
is reviewing the determinants of Poiseuille’s law and the 
flow rate of IV fluids. Similar to fluid viscosity, the flow 
rate of IV fluids is inversely proportional to the tubular 
length. Thus, clinically, as the length of an IV catheter 
decreases, the flow of IV fluids through that respective 
IV catheter increases. This concept was explored in a 
study that examined the effect of shortening IV cannu-
las of the same diameter and measuring their respective 
flow rates.4 The authors observed increased flow rates for 
shorter cannulas compared with longer cannulas of the 
same diameter.4 In this study, we found similar findings. 
For example, in the hetastarch portion of the study, the 
flow rates of the shorter 8.5F RIC were greater than the 
longer 8.5F central introducer and the 11.2-gauge (9.0F) 
lumen of the MAC central introducer. 

Overall, the 8.5F RIC outperformed all other periph-
eral and central IV catheters. The RIC is a short, large-
bore IV catheter that is inserted peripherally. Its large 
diameter and relatively short length are what makes it 
an ideal model of the Poiseuille mathematical equation. 
Some of the advantages of the RIC include ease and speed 
of insertion, less time to rapid infusion in hypovolemic 
patients, lower acquisition cost, and a potentially better 
complication profile compared with similar sized cen-
trally inserted large-bore IV catheters. 

This study continues to build on the available evi-
dence that peripherally inserted IV catheters often have 
greater flow rates compared with similarly sized centrally 
inserted IV catheters. Although this is the first study that 
has examined this relationship with the ThermaCor 1200 
infusion system and the respective catheters used in this 
project, this relationship has been studied before with 
other rapid infusion systems and other catheters, and 
similar findings were noted.5-7

Conclusion
This study shows statistically significant greater flow rates 

in most of the peripherally inserted IV catheters examined 
compared with the centrally inserted IV catheters that 
were examined. In the care of a traumatically injured 
patient or any patient with the need for rapid transfusion, 
peripherally inserted IV catheters may be more advan-
tageous in achieving higher maximum flow rates than 
centrally inserted IV catheters with the ThermaCor 1200 
infusion system.
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