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Purpose: This study compared the performance of the new LigaSure™ XP Maryland Jaw Sealer/Divider (XP Maryland) to that of 
LigaSure Atlas™ (Atlas) and LigaSure™ Dolphin Tip (Dolphin Tip), two early LigaSure™ (LigaSure) devices characterized by 
consistent and reliable clinical performance.
Methods: Ex vivo bench testing on porcine renal arteries compared burst pressures, seal times, and rates of sticking, incomplete cuts, 
and charring between XP Maryland and Atlas and between XP Maryland and Dolphin Tip. In vivo acute testing on a porcine model 
compared thermal spread, seal times, and rates of hemostasis, sticking, and incomplete cuts between XP Maryland and the two early 
LigaSure devices.
Results: Ex vivo, XP Maryland showed a significantly faster mean seal time compared to Dolphin Tip (P < 0.0001) and Atlas (P < 
0.0001). XP Maryland had fewer incomplete cuts than Dolphin Tip (P < 0.0001) and fewer sticking incidents than Atlas (P = 0.0019). 
Atlas had a statistically higher average burst pressure compared to XP Maryland (P < 0.0001). As with ex vivo results, XP Maryland 
had a significantly faster mean seal time in vivo compared to Dolphin Tip (P = 0.0168) and Atlas (P < 0.0001). Other in vivo results 
showed XP Maryland had fewer incomplete cuts compared to Dolphin Tip (P < 0.0001) and statistically less lateral thermal spread 
than Atlas (P = 0.0010). For all other ex vivo and in vivo performance characteristics, no statistically significant differences were 
found between XP Maryland and the other devices.
Conclusion: The study demonstrated the consistent and reliable performance of XP Maryland and the two early LigaSure devices. In 
addition, the studies showed XP Maryland has some improved performance characteristics when compared to Atlas and Dolphin Tip 
that may result in improved procedural efficiency and may reduce potential surgical risks.
Keywords: LigaSure, radiofrequency energy, electrosurgery

Introduction
LigaSure™ (LigaSure) instruments use radiofrequency (RF) energy and pressure to seal blood vessels and tissue bundles 
and to achieve hemostasis during tissue dissection. LigaSure technology was introduced in 1998 and has since been used 
in over 25 million surgical procedures.1 A variety of LigaSure instruments are available for both laparoscopic and open 
procedures to address unique challenges in a range of specialties including general, thoracic, gynecologic, bariatric, and 
colorectal surgery. In all applications, LigaSure instruments must demonstrate consistent and reliable clinical perfor
mance. This was true for early LigaSure instruments, and it continues to be essential as new LigaSure instruments with 
improved design and performance characteristics are developed.

The LigaSure Atlas™ Tissue Fusion Laparoscopic Instrument (Atlas) is an early LigaSure device approved by the 
FDA in 2001. It has been in continuous use since its introduction over 20 years ago and is sold in and outside of the 
United States. The Atlas LS1020 has a 20-cm shaft length and is indicated for use in open procedures. The Atlas 
LS1037 has a 37-cm shaft length and is designed to fit inside a 10-mm cannula for laparoscopic procedures. Atlas 
handsets seal vessels ≤ 7 mm and comprise blades for dividing either sealed or unsealed tissue.2 Review of literature 
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from 2001 through 2024 reveals descriptions of the clinical use of Atlas in a range of surgeries. These include 
splenectomies,3–5 gastrectomy procedures,6–10 liver resections,11,12 bowel resections,13,14 a thyroidectomy,15 an 
adrenalectomy,16 and gynecologic surgery.17 The literature review found preclinical studies investigating Atlas’ key 
performance characteristics not easily measured clinically. Seal time, seal strength (burst pressure), and the amount of 
thermal tissue effect adjacent to the seal (thermal spread) have been investigated for Atlas.18–22 Studies involved 
comparison of Atlas to other commercially available vessel sealing devices. Two other preclinical studies focused on 
specific applications for Atlas. One porcine study assessed the use of Atlas for liver resection23 and another focused 
specifically on the ability of Atlas to seal vessel bundles.24

The LigaSure™ Dolphin Tip Laparoscopic Sealer/Divider (Dolphin Tip) is another early LigaSure device. It was 
approved in 2003 and is currently available outside of the United States. The Dolphin Tip LS1500 has a 37-cm shaft 
length and a 5-mm shaft diameter and is designed for use during laparoscopic procedures. Like Atlas, Dolphin Tip seals 
vessels ≤ 7 mm and has a deployable cutting blade. A literature review found publications concerning the clinical use of 
Dolphin Tip, the most recent publication being from 2022. Papers describe the use of Dolphin Tip for a gastrectomy,25 

liver resections,26–28 and thyroidectomies.15,29 As with Atlas, literature also described preclinical studies evaluating 
performance characteristics of Dolphin Tip. In most cases, studies compared Dolphin Tip’s performance to that of other 
vessel sealing technologies. Seal time, seal burst pressure, and thermal spread were measured for Dolphin Tip.19,20,30–33 

Two studies evaluated Dolphin Tip’s cutting performance32,33 and one of these studies also measured tissue sticking to 
the instrument jaws.33

The LigaSure™ XP Maryland Jaw Sealer/Divider (XP Maryland) is a new instrument. It is a Maryland-style 
LigaSure device with a 5-mm diameter shaft that is provided in shaft lengths for both open and laparoscopic procedures. 
It can be used on vessels ≤ 7 mm in diameter. Considerable design differences have been implemented in the XP 
Maryland, though, to differentiate it from LigaSure predecessors. The XP Maryland is the first LigaSure device with 360° 
continuous jaw rotation. It is offered with two handle options, a latching handle or a one-step sealing handle. The XP 
Maryland also has fine, relatively long jaws that allow sealing and cutting to the jaw tips for improved dissection 
precision (Figure 1).

It is important to assess the performance of the new XP Maryland device to ensure it demonstrates the consistent and 
reliable performance associated with early, trusted LigaSure technology. The purpose of this study was to compare the 
XP Maryland to both the Atlas and Dolphin Tip, two early LigaSure devices.

Materials and Methods
Performance characteristics were evaluated in both ex vivo and in vivo testing and included the evaluation of burst 
pressure, seal time, thermal spread, and hemostasis for the XP Maryland, Dolphin Tip, and Atlas. The XP Maryland and 
the Atlas were used with the Valleylab™ FT10 Energy Platform (FT10) for both ex vivo and in vivo testing. The Dolphin 
Tip was used with the ForceTriad™ Energy Platform (ForceTriad) for all testing as it is not compatible with the FT10. 
All instruments were used on the default settings of their respective generators. Instruments were used per the 
manufacturer’s instructions for use (IFU).

Ex vivo Bench Testing
Burst pressure testing evaluated the strength of the seals created with the LigaSure devices. For burst pressure, 
a minimum sample size was determined using a statistical power analysis followed by an adjustment for the correlation 
in seal strength values between seal halves. The effective sample size equation shown below was used:34

where ρ=estimated intraclass correlation=0.60, m=number of measurements per seal, and k=number of seals/clusters.
The calculated minimum sample size was determined to be 40 seals (80 bursts) per device group to achieve 90% 

power. The actual minimum number of seals required per device group was then increased to 42 seals (84 bursts). This 
ensured an equal number of seals were made across each of the two devices tested within each group as well as across 
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three vessel size categories. The vessel size categories ensured the full indicated vessel size range was tested and were 
defined as small (≤ 3 mm), medium (3.1–5.0 mm), and large (5.1–7.0 mm).

Ex vivo porcine renal arteries of outer diameter ≤ 7 mm were sealed. The ex vivo tissue was a by-product of the food 
production industry and was from a USDA-inspected abattoir. Porcine kidneys from domestic swine, approximately 6 
months old, were obtained. The renal arteries were dissected from these kidneys and utilized for testing within 
24–36 hours postmortem. Prior to each activation, the tester flattened the vessel to simulate dilation due to blood flow. 
Flattened vessel diameters were measured with digital calipers and then vessels were sealed and bisected at the site of the 
measurement. Each sealed and bisected vessel yielded two burst pressure values. Each sealed vessel half was infused 
with de-ionized water at 100 mL/h until leakage occurred. The maximum burst pressure achieved for each sealed half 
was included in the analysis performed using JMP® 16 Statistical Software. Seal time, or the total time in seconds from 
the activation start to end of seal audible tone, was recorded by the energy platforms. Additional attributes that contribute 
to overall device performance were evaluated. Incomplete cuts were defined as when the user fully deploys the knife 
blade, but the blade does not fully transect the seal zone. A sticking incident was defined as when the user must manually 
remove the sealed or desiccated tissue from the seal plate of the device. A charring incident was defined as when the user 
observed the seal zone was burned and/or visibly blackened.

Figure 1 Seal and cut length information for LigaSure Atlas, Dolphin Tip, and XP Maryland.
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A graphical analysis of the relationship between burst pressure and vessel diameter was made to assess the seal 
performance of the LigaSure devices across the entire indicated vessel size range. The effective use of a scatter plot 
combined with a quadratic regression model and associated 90% prediction limits enhanced seal performance visualiza
tion. A simulation was run against the regression model to objectively estimate the reliability of having a burst value 
exceeding 360 mmHg or three times the normal systolic blood pressure of a healthy human. First, a vessel diameter was 
simulated based on a uniform distribution of the burst pressures collected. This is conservative as large vessels are as 
likely to be selected as small or medium-sized vessels. Using the regression model and the simulated vessel diameter 
value, a burst pressure value was simulated. Experimental error was also simulated based on the residual error of the 
respective model and then added to the prediction. One million burst pressure values were simulated, and the 
conformance rate was determined by evaluating whether or not the simulated values met the 360 mmHg burst limit. 
The estimated conformance rate for a LigaSure device should be ≥ 95% for optimal burst pressure performance.

In vivo Acute Testing
An in vivo study was conducted at Inotiv (Ft. Collins, Colorado). The study design and animal usage were reviewed and 
approved by the Inotiv Institutional Animal Care and Use Committee (IACUC) for compliance with regulations prior to study 
start. Animal welfare for this study was compliant with the United States Department of Agriculture (USDA) Animal Welfare 
Act, National Research Council of the National Academies Guide for the Care and Use of Laboratory Animals (8th edition), 
National Institutes of Health Office of Laboratory Animal Welfare Public Health Service (PHS) Policy on Humane Care and 
Use of Laboratory Animals, and the American Veterinary Medical Association (AVMA) Guidelines for Euthanasia.

In vivo testing was conducted to evaluate performance characteristics including thermal spread and ability to achieve 
hemostasis. The sample size for both thermal spread and hemostasis evaluation were calculated using a method like that described 
previously for burst pressure. For thermal spread, the calculated minimum sample size was determined to be 18 measurements 
(minimum of five seals having four measurements each) per device group to achieve 90% power. The actual minimum number of 
seals made per device group was then increased to 64 measurements (16 seals) to account for correlation between seal halves and 
to obtain a number that divided evenly among the devices within a group. For hemostasis, a minimum sample size of 190 seals per 
device group was determined to detect a 10% difference in non-hemostatic seals on various tissue types.

Acute testing utilized three female pigs weighing 40–80 kg. A variety of vessels and tissue types were sealed 
including epigastric veins, small bowel mesentery, root of small bowel mesentery, broad ligament, omentum, gastro
splenic artery/vein bundles, gastroepiploic artery/vein bundles, splenic arteries, short gastric artery/vein bundles, saphe
nous artery/vein bundles, lumbar artery/vein bundles, femoral arteries, iliac arteries, renal arteries, and carotid arteries.

Each animal underwent standard surgical preparation and positioning for exploratory laparotomy. Each pig was pre- 
medicated, placed in a dorsal recumbent position, and maintained under anesthesia. Systolic blood pressures were 
monitored and maintained within a range of 80–120 mmHg throughout the procedure. The left and right epigastric 
veins were carefully skeletonized and sealed to evaluate both hemostasis and thermal spread. After activations were 
performed on the epigastric veins, a midline celiotomy was performed to expose the viscera. Dissection along with 
multiple surgical procedures including, but not limited to, bowel resection, splenectomy, gastrectomy, and nephrectomy 
were performed to locate and expose vasculature and tissue for evaluation of vessel sealing. Isolated vessels and artery/ 
vein bundles were measured in situ with calipers. Isolated bundles were measured across the entire bundle and then 
measurements were made of the individual arteries within each bundle. All devices were used in each animal and the 
devices were evenly rotated throughout the procedure. Vessels were placed in the middle of the instrument jaws and 
sealed and transected according to the device’s IFU. Hemostasis, meaning no active blood flow (either pulsatile or 
oozing) from the vessel seal, was visually verified. Seal times were recorded by the energy platforms. Sticking incidents 
and incomplete cuts were assessed in the same manner described for ex vivo bench testing.

Histology samples were collected to evaluate the amount of lateral thermal spread. Each specimen of interest was 
preserved in 10% phosphate buffered formalin for a minimum of 24 hours prior to undergoing standard histological 
processing. Histological evaluation was conducted with the use of picrosirius red (PSR) staining. Thermal spread 
measurements were made by a blinded histologist. For each sealed vessel half, there were potentially two resulting 
measurements for thermal spread analysis as shown in Figure 2.
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Results
Ex vivo Bench Testing
Mean burst pressure and standard deviation were calculated for each device group (Table 1). XP Maryland (1082 ± 
347 mmHg) had a higher mean burst pressure and a lower standard deviation Dolphin Tip (1065 ± 413 mmHg) indicating 
less variation in burst pressure, fewer outliers, and more clustering of burst pressure data points near the mean (Figure 3). 
A multi-factor ANOVA method was used for analysis of continuous burst pressure and seal time data.34 No statistical 
difference was found between the XP Maryland and Dolphin Tip mean burst pressures (P = 0.9263). Ex vivo mean seal 
time on renal arteries for XP Maryland (1.94 ± 0.72s) was less than that of Dolphin Tip (3.23 ± 0.61s), and the difference 
was statistically significant (P < 0.0001). The mean seal time for the XP Maryland was 40% faster than the average seal 
time for the Dolphin Tip (Figure 4). The probability of achieving a burst pressure ≥ 360 mmHg for sealed renal arteries ≤ 
7 mm was calculated to be 98.0% for XP Maryland and 95.8% for Dolphin Tip. The quadratic regression model 
(Figure 5) allows for visualization of any trends and the relationship between burst pressure and vessel diameter. It is 
useful for assessing the performance of the device across the vessel diameter range. Prediction bands shown in light gray 
are where a high percentage of burst pressure values are expected to fall based on the simulation.

Figure 2 One-half of a sealed and divided blood vessel stained with picrosirius red (PSR). Thermal spread measurements M1 and M2 are shown as solid black lines along the 
vessel walls. The black arrow indicates the seal zone created by the LigaSure XP Maryland device.

Table 1 Summary of XP Maryland Vs Dolphin Tip and XP Maryland Vs Atlas Ex Vivo Bench Results

Statistic XP Maryland Dolphin Tip Atlas

Continuous Data

Burst Pressure (mean ± stdev) 1082 ± 347 mmHg 1065 ± 413 mmHg 1531 ± 450 mmHg

P-value - 0.9263 < 0.0001
Seal Time (mean ± stdev) 1.94 ± 0.72 s 3.23 ± 0.61 s 3.11 ± 0.78 s

P-value - < 0.0001 < 0.0001

Conformance Rate (Prob X > 360 mmHg) 98.0% 95.8% 99.7%

Attribute Data

Rate of burst values below 360 mmHg 1 / 88 (1.1%) 5 / 85 (5.9%) 0 / 86 (0%)

P-value - 0.1133 1.0

Rate of Sticking 2 / 47 (4.3%) 6 / 45 (13.1%) 14 / 49 (28.6%)
P-value - 0.1536 0.0019

Rate of Incomplete Cuts 1 / 47 (2.1%) 22 / 45 (48.9%) 0 / 49 (0%)

P-value - < 0.0001 0.4896
Rate of Charring 0 / 47 (0%) 0 / 45 (0%) 4 / 49 (8.2%)

P-value - 1.0 0.1175

Notes: Reported P-values are in comparison to XP Maryland. For continuous data, a multi-factor ANOVA model was used to 
calculate the P-value. For attribute data, a Fisher’s Exact test was used to calculate the P-value.
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Figure 4 Seal time by device group is color coded by vessel size category. The mean “x” and 95% confidence interval of the mean (bars) are indicated for each group.

Figure 3 Burst pressures of renal artery seal half by device group. Data points are color coded by vessel size category. The mean “x” and 95% confidence interval of the 
mean (bars) are indicated for each group. The Lower Specification Limit (LSL) for LigaSure devices of 360 mmHg, or three times normal systolic blood pressure, is denoted 
by a red line.
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All proportion-based statistics were compared by using Fisher’s exact test. The rate of burst values below the lower 
specification limit (LSL) of 360 mmHg for XP Maryland was one out of 88 total burst values while Dolphin Tip had five 
low burst values out of 85 total burst values. No statistical difference was found in the rate of low bursts between XP 
Maryland and Dolphin Tip (P = 0.1133). There were two sticking occurrences out of 47 seals for XP Maryland and six 
sticking occurrences out of 45 seals for Dolphin Tip. No statistical difference was identified for the rate of sticking 
between the two devices (P = 0.1536). There was one incomplete cut for XP Maryland out of 47 seal and cut cycles while 
Dolphin Tip had 22 incomplete cuts out of 45 seal and cut cycles. The XP Maryland had a significantly lower rate of 
incomplete cuts than Dolphin Tip (P < 0.0001). Dolphin Tip’s rate of incomplete cuts was 5.8 times more than that of the 
XP Maryland. There were no charring occurrences during bench testing for either XP Maryland or Dolphin Tip.

XP Maryland (1082 ± 347 mmHg) had a lower mean burst pressure and a lower standard deviation than Atlas (1531 ± 
450 mmHg). A multi-factor ANOVA revealed Atlas had a statistically higher mean burst pressure than the XP Maryland 
(P < 0.0001). The mean burst pressure of Atlas was 1.4 times higher than that of the XP Maryland. Ex vivo mean seal 
time on renal arteries for XP Maryland (1.94 ± 0.72s) was less than that of Atlas (3.11 ± 0.78s), and the difference was 
statistically significant (P < 0.0001). The mean seal time for the XP Maryland was 38% faster than the mean seal time for 
the Atlas (Figure 4). The probability of achieving a burst pressure ≥ 360 mmHg for sealed renal arteries ≤ 7 mm was 
98.0% for XP Maryland and 99.7% for Atlas.

Atlas had no burst values below 360 mmHg out of 86 total burst values, and there was no statistical difference in the 
rate of low bursts between XP Maryland and Atlas (P = 1.0). XP Maryland had statistically fewer sticking occurrences 
than Atlas that had 14 occurrences out of 49 seals (P = 0.0019). Atlas’ rate of sticking occurrences was 2.2 times more 
than that of the XP Maryland. Atlas had no incomplete cuts out of 49 seal and cut cycles, and no statistical difference was 
found in the rate of incomplete cuts between XP Maryland and Atlas (P = 0.4896). Atlas had four occurrences of charring 
out of 49 seals. There was no statistical difference in the rate of charring between XP Maryland and Atlas (P = 0.1175).

In vivo Acute Testing
Mean lateral thermal spread and standard deviation on isolated vasculature and artery/vein (A/V) bundles were measured 
for each device (Table 2). XP Maryland (1.29 ± 0.40 mm) had lower mean thermal spread than Dolphin Tip (1.54 ± 
0.55 mm), but the difference was not statistically significant (P = 0.1186). A graph of all thermal spread measurements is 
included in Figure 6. Considering the arithmetic means for in vivo seal times, XP Maryland (2.71 ± 1.22s) had a higher 

Figure 5 Burst pressure versus vessel diameter. Burst pressure renal artery seal half measurements are shown as solid blue circles, with both halves of one seal connected 
by vertical lines. The black line represents the quadratic regression model while the dark gray shade describes 90% confidence bands on the mean burst value. The light gray 
shaded area indicates the predicted range of simulated burst values via 90% prediction bands.
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mean seal time and a higher standard deviation than Dolphin Tip (2.64 ± 0.30s). However, XP Maryland was found to 
have a statistically smaller least squares mean seal time than Dolphin Tip (P = 0.0168) when considering the output from 
the multifactor ANOVA model analysis. The ANOVA considers the number of seals for each tissue type in addition to 

Table 2 Summary of XP Maryland Vs Dolphin Tip and XP Maryland Vs Atlas in Vivo 
Acute Results

Statistic XP Maryland Dolphin Tip Atlas

Continuous Data

Thermal Spread (mean ± stdev) 1.29 ± 0.40 mm 1.54 ± 0.55 mm 2.06 ± 0.61 mm
P-value - 0.1186 0.0010

Seal Time (mean ± stdev) 2.71 ± 1.22 s 2.64 ± 0.30 s 3.69 ± 0.84 s

P-value - 0.0168 < 0.0001

Attribute Data

Hemostasis (Pass/ Total) 189 / 196 (96.4%) 193 / 196 (98.5%) 185 / 196 (94.4%)

P-value - 0.3374 0.4702
Rate of Sticking 1 / 196 (0.5%) 5 / 196 (2.6%) 6 / 196 (3.1%)

P-value - 0.2151 0.1216

Rate of Incomplete Cuts 1 / 196 (0.5%) 98 / 196 (50.0%) 5 / 196 (2.6%)
P-value - < 0.0001 0.2151

Notes: Reported P-values are in comparison to XP Maryland. For continuous data, a multi-factor ANOVA model 
was used to calculate the P-value. For attribute data, a Fisher’s Exact test was used to calculate the P-value.

Figure 6 Thermal spread measurements by device with each data point color coded by general tissue type. The “x” represents the mean for each tissue type for each 
device, and the error bars indicate 95% confidence interval of the mean.
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seal time values. XP Maryland sealed most tissue types more quickly than Dolphin tip, accounting for the observed 
difference in mean values. A graph of in vivo seal times by device is included in Figure 7.

XP Maryland had 189 seals achieve hemostasis out of 196 total seals while Dolphin Tip had 193 seals out of 196 total 
seals achieve hemostasis. No statistical difference was found between the two devices (P = 0.3374). There was one 
sticking occurrence out of 196 seals for XP Maryland and five sticking occurrences out of 196 seals for Dolphin Tip, and 
this difference was not statistically significant (P = 0.2151). XP Maryland had statistically fewer incomplete cuts than 
Dolphin Tip (P<0.0001). It had one incomplete cut out of 196 seal and cut cycles while Dolphin Tip had 98 incomplete 
cuts out of 196 seal and cut cycles. Dolphin Tip’s rate of incomplete cuts in vivo was 26.7 times more than that of XP 
Maryland.

XP Maryland (1.29 ± 0.40 mm) had a significantly (P = 0.0010) lower mean thermal spread than Atlas (2.06 ± 
0.61 mm). Atlas had 1.6 times more lateral thermal spread than XP Maryland. XP Maryland (2.71 ± 1.22s) had a shorter 
mean seal time but a higher standard deviation than Atlas (3.69 ± 0.84s). This difference in seal time was statistically 
significant (P < 0.0001), and the mean seal time of XP Maryland was 27% faster than Atlas.

Atlas had 185 seals out of 196 seals achieve hemostasis, and there was no statistical difference for hemostasis 
between Atlas and XP Maryland (P = 0.4702). Atlas had six sticking occurrences and five incomplete cuts out of 196 
seals. No statistical difference was found between XP Maryland and Atlas for the rate of sticking (P = 0.1216) or the rate 
of incomplete cuts (P = 0.2151).

Figure 7 Seal times by device group with each data point color coded by tissue type. The “x” represents the mean seal times for each tissue type and the error bars indicate 
the 95% confidence interval around the mean.
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Discussion
Ex vivo bench and in vivo acute testing demonstrated the consistent and reliable performance of both early and recently 
released LigaSure instruments. Without compromising sealing performance, XP Maryland demonstrated improved 
performance characteristics compared to earlier devices. These included shorter seal times, reduced thermal spread, 
and fewer incomplete cuts and occurrences of sticking.

During ex vivo testing, all three LigaSure devices had mean burst pressures much higher than those seen in even the 
most severe clinical cases.35 Atlas had a statistically higher mean burst pressure than XP Maryland, but both values were 
above 1000 mmHg. Atlas’ higher mean value is attributed to the high burst pressure values seen on small vessels 
(0–3.0 mm) for Atlas (Figure 5). However, as vessel diameter increased, Atlas’ measured burst pressures decreased. This 
contributed to Atlas’ larger standard deviation when compared to XP Maryland. Dolphin Tip also exhibited a downward 
trend in burst pressure values as vessel diameter increased. XP Maryland had a more consistent burst pressure profile and 
uniform performance across the entire vessel size range than either Atlas or Dolphin Tip (Figure 5).

Both ex vivo and in vivo testing showed that XP Maryland had low rates of incomplete cuts and sticking, two 
performance characteristics that could potentially lead to reduced procedure times. The increased number of incomplete 
cuts observed with Dolphin Tip could lead to a need for the introduction of more instruments in the surgical field and an 
associated increase in procedure time. The reduced number of sticking occurrences exhibited by XP Maryland compared 
to Atlas may mean less tissue build-up on the device. This quality could decrease the number of times a device must be 
removed from the surgical field for cleaning and could reduce procedure time. Recent publications describe how shorter 
procedure times are associated with better postoperative outcomes. The longer the operation time, the higher the risk of 
surgical site infections due to longer exposure to microorganisms, reduced efficacy of perioperative antibiotics, and 
increased risk of breach of aseptic technique.36 The likelihood of surgical site infections has been observed to increase 
5% for every 10 minutes in operation time, 13% for every 15 minutes, and 17% for every 30 minutes.37

XP Maryland had faster mean seal times ex vivo and in vivo compared to both Dolphin Tip and Atlas. Longer seal 
times associated with Dolphin Tip are related to performance improvements of the FT10 over its predecessor, the 
ForceTriad. When sealing with compatible LigaSure vessel sealers, the FT10 effectively manages energy delivery to 
tissue. The FT10 processes 434,000 data points per second, over 100 times more than the ForceTriad. The increased 
processing speed allows for increased monitoring of the electrical properties of tissue, and the vessel sealing algorithm 
applies the proportionate amount of energy based upon the composition and amount of tissue being sealed.38 These 
advantages facilitate reduced seal times.

XP Maryland had statistically less lateral thermal spread compared to Atlas (P = 0.0010) during in vivo testing. 
Minimizing the thermal spread to surrounding tissues without compromising seal integrity is essential for the safety and 
effectiveness of the device in both laparoscopic and open surgery. Excessive lateral thermal spread could lead to damage 
of surrounding structures.39 The reduction in lateral thermal spread for XP Maryland is associated with its much slimmer 
jaw profile. XP Maryland is unique in the LigaSure portfolio for its jaw design characterized by relatively long, narrow 
curved jaws. In addition to potentially facilitating a lower thermal spread profile, the Maryland style jaw design facilities 
visibility of the tip, better fine dissection, and enables skeletonization of vessels40,41 The curved jaw design follows the 
natural curvature of organs like the stomach and uterus, which make it useful in specialties like general, bariatric, and 
gynecologic surgery.6–10,17,25,42

Conclusion
The comparisons made in the ex vivo bench and in vivo acute testing showed that, as safe and effective performance 
continues to be the foundation of LigaSure technology, XP Maryland has some improved performance characteristics that 
may increase procedural efficiency and may minimize operative risks.
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