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AIM: Totally implantable venous access port (TIVAP) placement is routinely recommended under ultrasound guidance to reduce com-
plications. However, in low-resource settings, the anatomical landmark technique remains widely used. Data evaluating the learning
curve of landmark-based TIVAP placement through formal statistical methods are limited.

METHODS: This retrospective single-center study analyzed 1285 consecutive TIVAP-related procedures, including port placement,
revision, and removal, performed by a single surgeon between June 2022 and September 2025 using the anatomical landmark technique.
The cohort comprised 1093 port catheter placements, 98 removals, and 67 revisions. Technical failure was defined as the inability to
achieve venous cannulation or to advance the guidewire/catheter into the central venous circulation and was assessed only in procedures
requiring venous access (placements and revisions), in which 27 failures occurred. Cumulative sum (CUSUM) analysis was restricted
to procedures requiring venous access to evaluate performance based on technical failure rates; port removals were excluded from the
failure-based CUSUM framework. Procedures were additionally stratified by technical complexity. The CUSUM inflection point was
used to explore a potential transition in procedural performance.

RESULTS: Technical success was achieved in 1258 of 1285 TIVAP-related procedures (97.9%). A total of 27 cases resulted in technical
failure (failure rate: 2.1%), primarily due to unsuccessful venous cannulation or guidewire advancement. CUSUM analysis identified an
inflection point at the 422nd case, indicating a transition from the initial learning phase to a phase of performance stabilization. Among
procedures requiring venous access, technical failure rates were significantly higher in Phase 1 (cases 1-422) compared with Phase 2
(cases 423-1187) (5.2% vs. 0.7%, p < 0.001). Procedural complexity showed only minimal variation across the series, and technical
performance remained stable throughout the study period. No further technical failures were observed during the final 252 consecutive
procedures. Pneumothorax occurred in 5 cases (0.39% [5/1285] of all procedures; 0.43% [5/1160] of venous access procedures).
CONCLUSIONS: Based on the observed learning curve, procedural stabilization in landmark-based TIVAP placement may require a
higher case volume than reported previously for ultrasound-guided approaches. In this single-center, single-operator study, an inflection
point at approximately 422 cases was associated with stabilization of procedural performance and a reduction in technical failure rates.
These findings suggest that, in low-resource settings where ultrasound guidance is not routinely available, the landmark technique may
be performed with an acceptable safety profile under standardized workflows and with adequate training and experience.
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well-established body of literature alongside technological
advances [5,6], many centers worldwide still rely on the
anatomical landmark technique due to resource limitations
[7]. In environments where access to technology is limited,
the impact of surgical experience and technical proficiency

Introduction

Totally implantable venous access port (TIVAP) devices are

indispensable tools for oncology patients and those requir-
ing long-term parenteral therapy [1]. Current international
guidelines recommend performing these procedures under
ultrasound (USG) guidance to minimize the risk of com-
plications [2,3]. However, although it has been recognized
for more than 35 years that USG guidance improves suc-
cess rates and reduces complications [4], and despite this
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on patient safety becomes much more critical.

The surgical learning curve reflects the process by which a
surgeon attains proficiency in a specific procedure and the
associated changes in performance over time [8]. Although
this curve is traditionally monitored through the decline in
complication or technical failure rates relative to the num-
ber of cases, total numbers alone can be insufficient for
identifying inflection points in a surgeon’s individual de-
velopment. Cumulative sum (CUSUM) analysis is a statis-
tical method that provides an objective and quantitative ap-
proach to assessing learning curves and identifying changes
in procedural performance over time. While there are nu-
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merous studies in the literature regarding port catheter ap-
plications performed under USG guidance, data examining
high-volume series performed with the landmark technique
in technology-limited settings using CUSUM analysis are
quite limited.

The primary objective of this study is to evaluate the learn-
ing curve of consecutive TIVAP procedures performed by
a single surgeon, using CUSUM analysis, with a focus on
landmark-based venous access. The study encompasses a
comprehensive procedural spectrum, ranging from techni-
cally demanding revision cases to standard port placements,
within a consecutive clinical workflow. Through this anal-
ysis, we aimed to identify the case volume associated with
procedural stabilization in the landmark technique and to
examine how different levels of surgical complexity influ-
ence procedural performance.

Methods
Study Design and Patient Selection

This study was designed as a retrospective analysis of 1285
consecutive TIVAP procedures performed by a single sur-
geon between June 2022 and September 2025. The case
series comprised 1093 port placements, 67 revisions, and
98 port removals. Overall, out of the 1285 procedures per-
formed, 27 resulted in technical failure; these failures are
included within the placement and revision categories but
are not counted among successful procedures.

All consecutive adult patients (>18 years) who under-
went TIVAP-related procedures for oncological treatment
or long-term parenteral nutrition were eligible for inclu-
sion. While patient-level demographic and clinical data
were collected, all statistical analyses were performed on
a per-procedure basis. All procedures were performed by a
single surgeon. Demographic data, procedural details, and
outcomes were retrospectively collected from the hospital’s
electronic medical record system and surgical follow-up
documentation. Patients with incomplete medical records
were excluded from the study. The patient selection pro-
cess, procedural pathways, and the scope of procedures in-
cluded in the CUSUM analysis are summarized in Fig. 1.

Surgical Technique

All procedures were performed in an operating room fol-
lowing standard sterilization protocols. Before the proce-
dure, surface anatomy markings were made to identify the
puncture sites, the projected location of the port pocket, and
the estimated position of the cavoatrial junction [9]. Based
on these markings, the required indwelling catheter length
was calculated. Local anesthesia (2% lidocaine) was ad-
ministered to all patients, supplemented with intravenous
sedation when necessary.

Identification
Total TIVAP procedures
evaluated
(June 2022 - September
2025)
n = 1,285 procedures (1,206
patients)

|

Inclusion Criteria:
= Adult patients (218)
= Landmark-based
technique
= Performed by a single
surgeon

Exclusion Criteria:
= Incomplete medical
records

|

Final Study Cohort
n = 1,285 procedures

Procedural Qutcome

Technical Failure
n =27 (2.1%)

}

Reasons for Failure:
= Failure of venous
cannulation
= Inability to advance
guidewire or catheter

l

Procedure terminated or
converted to an alternative
approach.

Procedural Qutcome

Technical Success
n =1,258 (97.9%)

Successful Procedures:

= Port Insertion: n = 1,093
= Port Removal: n = 98
= Port Revision: n = 67

\ )

CUSUM Analysis Applied To:
Procedures requiring venous access
= Port insertion (n = 1,093)
= Port revision (n = 67)
= Procedures resulting in technical
failure (n = 27)

n = 1,187 procedures

Port removal procedures (n = 98)
included for overall procedural
assessment
but excluded from venipuncture-based
CUSUM failure analysis

Fig. 1. Flowchart of patient selection, procedural outcomes,
and CUSUM analysis eligibility. The flowchart summarizes
the selection of TIVAP-related procedures, procedural outcomes,
and the subset of procedures included in the CUSUM analysis.
CUSUM was applied to procedures requiring venous access, in-
cluding port placements, port revisions, and procedures resulting
in technical failure (n = 1187). Port removal procedures were
included for overall procedural assessment but excluded from
venipuncture-based CUSUM failure analysis. TIVAP, totally im-
plantable venous access port; CUSUM, cumulative sum.
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Sternocleidomastoid
muscle (SCM)

Anatomical
landmark triangle

Right clavicle

Right internal
jugular vein

Fig. 2. Landmark-based internal jugular vein puncture. (A) Intraoperative photograph demonstrating the puncture site within the
anatomical landmark triangle during right internal jugular vein access. (B) Schematic illustration showing the relevant anatomical land-
marks, including the sternocleidomastoid muscle, clavicle and internal jugular vein. The shaded area represents the anatomical land-
mark triangle, and the arrow indicates the needle trajectory from the skin surface through the subcutaneous tissue toward the internal
jugular vein under landmark guidance. Panel B was adapted from Gray H’s Anatomy of the Human Body (Plate 558; public domain,

https://commons.wikimedia.org/wiki/File:Gray558.png), via Wikimedia Commons.

Port Catheter Placement

(a) Positioning and Access:

Patients were positioned in the supine position with the head
turned slightly away from the access site and maintained in
a mild Trendelenburg position to facilitate venous cannula-
tion. The right internal jugular vein (IJV) was targeted as
the primary access route.

(b) Anatomical Landmark Technique:

Instead of ultrasound guidance, the apex of the anatomi-
cal triangle formed by the sternal and clavicular heads of
the sternocleidomastoid muscle (SCM) was designated as
the puncture site. Venous cannulation was performed using
the Seldinger technique guided by anatomical landmarks.
Venous entry was confirmed by blood aspiration, followed
by guide wire advancement (Fig. 2). To ensure procedu-
ral standardization and safety, pre-procedural mapping was
performed by delineating the vein’s trajectory and marking
the clavicular segments on the skin. Throughout the proce-
dure, the operator maintained continuous anatomical orien-
tation by palpating the SCM muscle and the clavicular head
with the non-dominant hand, utilizing tactile feedback for
precise needle guidance.

(c) Port Pocket and Tunneling:

A subcutaneous pocket was created over the pectoral fascia
below the clavicle. The catheter was passed from the punc-
ture site to the port pocket through a subcutaneous tunnel.
The port body was then secured to the fascia. The system
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was flushed with heparinized saline, and the skin incisions
were closed.

(d) Verification:

Optimal placement of the catheter tip was ensured intra-
operatively using real-time electrocardiogram (ECG) guid-
ance, specifically monitoring P-wave amplitude changes
and the occurrence of arrhythmias to identify the cavoatrial
junction [10,11]. Postoperative confirmation was obtained
with a posteroanterior chest X-ray in all cases.

Port Catheter Revision

Revision procedures encompassed cases such as catheter
malposition, port pocket complications, or catheter dys-
function; these involved either repositioning the port or a
complete system replacement, depending on the clinical
need.

Port Catheter Removal

Port removal was performed through the existing incision
line, dissecting the port body from the surrounding fibrotic
capsule, and gently withdrawing the catheter from the vein.

Procedural Complexity Grading

For descriptive purposes, procedures were categorized into
three groups based on their technical complexity: port
removal was assigned the lowest level (score 1), stan-
dard TIVAP placement was assigned moderate complex-
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ity (score 2), and revision procedures, being technically
the most demanding, were assigned the highest complex-
ity level (score 3). For CUSUM and phase-based analyses,
however, only procedures requiring venous access (place-
ments and revisions) were included.

Success and Failure Criteria

‘Technical success’ was defined as the uncomplicated com-
pletion of a functional port system deployment at the tar-
geted anatomical location (cavoatrial junction). ‘Technical
failure’ was defined as the termination of the procedure or
the necessity to switch to an alternative surgical method
due to the inability to achieve venous cannulation via the
anatomical landmark technique or the inability to advance
the guide wire/catheter into the central venous circulation.
For the purpose of all failure-based and phase-based anal-
yses, procedures requiring venous access were defined as
port placements and port revisions (n = 1160), whereas port
removals (n = 98) were excluded from these analyses.

Statistical Analysis

Statistical analyses were performed using IBM SPSS Statis-
tics software (version 25.0; IBM Corp., Armonk, NY,
USA). All continuous variables were found to follow a nor-
mal distribution and are expressed as mean =+ standard devi-
ation and categorical variables are expressed as frequencies
and percentages (%).

The surgical learning curve was evaluated using CUSUM
analysis based on technical failure rates. The CUSUM se-
ries (S,) was calculated cumulatively for each case. In this
calculation, a value of 1 - p was used for each failed pro-
cedure, and a value of -p was used for each successful pro-
cedure, where p represents the average failure rate across
the entire series. The target value (p) was defined as the
overall mean technical failure rate across all venous access
procedures.

A positive (upward) slope in the CUSUM plot represents
the phase in which the failure rate exceeds the mean and the
learning process is ongoing. Conversely, a negative (down-
ward) slope represents a phase of performance stabiliza-
tion, during which the failure rate declines. The peak of the
curve (inflection point) was used to identify the case num-
ber at which a change in procedural performance occurred,
marking the transition from the initial learning phase to a
phase of performance stabilization. No predefined accept-
able or unacceptable failure rates or formal decision limits
were applied; the inflection point was determined based on
the maximum value of the cumulative sum curve within this
dataset.

Results
Patient Demographics and Indications

Of'the 1285 TIVAP-related procedures included in the study
(comprising port placements, revisions, and removals), a
total of 1206 individual patients were treated. Among these

Table 1. Patient demographics and primary indications for
TIVAP placement.

Variable Value

Age (years), Mean + SD (patients, n = 1206)
Gender (patients, n = 1206), n (%)

Male 725 (60.1%)
481 (39.9%)

60.53 £ 11.61

Female
Primary diagnosis (placement procedures,
n=1093), n (%)

Gastric cancer 287 (26.3%)
280 (25.6%)

167 (15.3%)

Colon cancer

Pancreatic cancer

Rectal cancer 119 (10.9%)
Esophageal cancer 38 (3.5%)
Biliary tract cancer 39 (3.6%)
Breast cancer 40 (3.7%)
Lung and laryngeal cancers 33 (3.0%)
Head and neck cancers 27 (2.5%)
Gynecologic malignancies 25 (2.3%)
Sarcomas 20 (1.8%)
Other malignancies™® 18 (1.6%)

*Includes skin (n = 6), male genitourinary (n = 5), hematological
(n=4), and central nervous system malignancies (n =3). SD, Stan-

dard Deviation.

patients, 725 (60.1%) were male and 481 (39.9%) were fe-
male, with a mean age of 60.53 4 11.61 years.

Among the 1093 procedures involving port placement, gas-
trointestinal malignancies constituted the majority of in-
dications (n = 930, 85.1%), including gastric (n = 287,
26.3%), colon (n = 280, 25.6%), pancreatic (n = 167,
15.3%), rectal (n = 119, 10.9%), biliary tract (n = 39,
3.6%), and esophageal (n = 38, 3.5%) cancers. Non-
gastrointestinal indications accounted for 14.9% of cases
and included breast cancer (n = 40, 3.7%), lung and laryn-
geal cancers (n =33, 3.0%), head and neck cancers (n =27,
2.5%), gynecologic malignancies (n = 25, 2.3%), sarcomas
(n =20, 1.8%), skin cancers (n = 6, 0.5%), male genitouri-
nary malignancies (n = 5, 0.5%), hematological malignan-
cies (n=4, 0.4%), and central nervous system tumors (n =3,
0.3%). The primary indications and detailed demographic
data are summarized in Table 1.

Procedural Data and Technical Success

Technical success was achieved in 1258 (97.9%) of the
1285 TIVAP-related procedures. Technical failure occurred
in 27 of 1285 surgical procedures (2.1%), primarily due to
unsuccessful venous cannulation (n = 16, 59.3%) or failure
to advance the guidewire into the central venous system (n =
11, 40.7%). Of the 1258 successful procedures, 1093 were
port placements, 67 were port revisions, and 98 were port
removals. Among procedures requiring venous access (n =
1160; placements and revisions), the right side was utilized
in 1123 cases (96.8%) and the left side in 37 cases (3.2%).
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Fig. 3. CUSUM analysis of the surgical learning curve. The cumulative sum analysis (solid blue line) illustrates the performance

trend based on technical success and failure during TIVAP procedures (excluding port removals). The vertical red dashed line at the

422nd procedure identifies the peak of the curve (inflection point), marking the transition from the learning phase (Phase 1) to a phase

of procedural stabilization (Phase 2).

The internal jugular vein was the preferred access route in
894 cases (77.1%), while the subclavian vein was utilized
in 266 cases (22.9%).

Complications and Outcomes

Early procedure-related complications were observed in a
very small subset of the cohort. Pneumothorax occurred in
5 cases (0.39% of all procedures [5/1285]; 0.43% of pro-
cedures requiring venous access [5/1160]); two of these re-
quired chest tube placement, whereas three were managed
with conservative follow-up. One case (0.09% of proce-
dures requiring venous access [1/1160]) developed a sig-
nificant local hematoma that necessitated hospitalization
for observation and resolved without surgical intervention.
Transient procedural arrhythmias triggered by the catheter
tip were promptly corrected by repositioning.

Malposition was identified in 9 cases (0.8% of procedures
requiring venous access [9/1160]). The most common pat-
tern was passage from the right subclavian vein to the left
subclavian vein (n = 7), followed by passage from the right
subclavian vein to the left internal jugular vein (n = 1) and
from the right internal jugular vein to the left subclavian
vein (n = 1). Regarding late complications, 67 revisions
(6.1% of port placement procedures) were performed to
manage catheter-related issues such as dysfunction, infec-
tion, or thrombosis. No cases of pinch-off syndrome or
catheter rupture were observed.
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Learning Curve Analysis

The learning curve for TIVAP procedures, evaluated using
CUSUM analysis, reached its peak (inflection point) at the
422nd case (Fig. 3). Based on this inflection point, the ve-
nous access procedures were divided into two periods: an
initial learning phase (Phase 1, cases 1-422) and a subse-
quent phase of performance stabilization (Phase 2, cases
423-1187). Technical failure rates between the two phases
were compared using Fisher’s exact test.

The analysis revealed that the majority of technical failures
were concentrated in Phase 1, where the cumulative sum of
failures exhibited a consistent upward trend. Notably, the
moving average of procedural complexity remained stable
and consistent as the series advanced into Phase 2. Despite
the ongoing inclusion of technically demanding venous ac-
cess procedures (such as port revisions) in the second phase,
the overall failure rate remained significantly lower and
demonstrated a stable downward slope on the CUSUM plot.
The technical failure rate in Phase 1 was significantly higher
than that in Phase 2 (p < 0.001), suggesting that procedural
performance stabilized after the 422nd procedure. After the
last procedural failure occurred at the 935th case, no further
technical failures were observed in the subsequent 252 con-
secutive venous access procedures (238 placements and 14
revisions), indicating a period of sustained procedural sta-
bilization. The mean procedural complexity index differed
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Table 2. Comparison of outcomes between Phase 1 and Phase
2 in venous access procedures.

Feature Phase 1 (n=422) Phase 2 (n=765) p-value
Technical success, n (%) 400 (94.8%) 760 (99.3%) <0.001
Technical failure, n (%) 22 (5.2%) 5(0.7%) <0.001
Complexity index 2.03 2.07 0.002

Phases were defined based on CUSUM analysis of procedures requir-
ing venous access (placements and revisions; n = 1160). Port removals
were excluded from phase-based analyses. The complexity index was
defined as an ordinal variable (score 2—3), where 2 = standard TIVAP
placement and 3 = revision procedures. Group comparisons were per-

formed using a non-parametric method.

statistically between phases (2.03 vs. 2.07, p = 0.002), but
the magnitude of the difference was small, consistent with a
stable case-mix across the series. A detailed comparison of
procedural outcomes between the two phases is presented
in Table 2.

Discussion

This study presents the procedural outcomes and learning
curve of TIVAP-related procedures performed using the
anatomical landmark technique in a large consecutive se-
ries. A prominent finding is that pneumothorax occurred
in 5 cases (0.43% of procedures requiring venous access),
despite the absence of ultrasound guidance. In compari-
son, a recent meta-analysis encompassing 32,665 catheters
reported a pooled pneumothorax rate of 1.1%, and an NLP-
driven analysis of approximately 18,000 procedures re-
ported a post-insertion pneumothorax incidence of 1.3%
[12,13]. Although the pneumothorax rate observed in the
present cohort appears lower than those reported in these
series, direct comparisons should be interpreted with cau-
tion given differences in study design, operator characteris-
tics, case mix, and outcome definitions. The findings of the
present study, therefore, suggest an acceptable safety pro-
file within this specific clinical context rather than demon-
strating superiority over ultrasound-guided approaches.

Suliman et al. [14] emphasized that in resource-limited
clinical settings where access to ultrasonography is re-
stricted, the anatomical landmark technique remains vital,
and its success is directly contingent upon the practitioner’s
level of anatomical knowledge. Our study is consistent with
this perspective, indicating that anatomical familiarity de-
rived from the thoracic surgery practice may contribute to
procedural safety within this specific cohort. The observed
pneumothorax rate of 0.43% suggests that, in low-resource
settings, the reliability of anatomical landmarks was main-
tained within this cohort when procedures were performed
within a standardized workflow. Furthermore, the inflec-
tion point at 422 cases identified through CUSUM analysis
was associated with a reduction in technical failure rates
over time, rather than establishing a definitive threshold of
procedural proficiency.

The learning curves reported for TIVAP placement in the
literature are generally shorter than the 422-case thresh-
old identified in our study. This difference may partly re-
flect methodological and contextual variations across stud-
ies rather than a direct discrepancy in procedural perfor-
mance. First, the rapid stabilization observed in studies
such as those by Nguyen et al. [15] and Jeon et al. [16], typ-
ically reported within 15 to 28 cases, should be interpreted
in light of ultrasound guidance and differences in operator
distribution and case allocation. For instance, Nguyen et
al. [15] evaluated a total of 150 procedures performed by
30 different physicians, which implies a relatively limited
experience per individual practitioner. In such contexts,
the detectable inflection point may be influenced by the cu-
mulative case volume per operator and study design char-
acteristics. In contrast, analysis of a large single-surgeon
cohort enabled the identification of a statistical inflection
point within this dataset, without the volume-related limi-
tations inherent to multi-operator series. Second, there is a
notable difference in surgical intensity compared with prior
reports. Fosh et al. [17] (n = 958), the study most compa-
rable to ours in volume, spanned 16 years with an average
of 60 cases per year. Furthermore, that study emphasized
the role of technological support (USG and fluoroscopy) in
preventing complications and defined a learning threshold
of 50 cases. In contrast, our series was completed within ap-
proximately three years, with an annual volume approach-
ing 400 procedures. Such procedural density may have in-
fluenced the shape and detectability of the learning curve
in the present analysis. Despite this high case volume, the
CUSUM analysis identified an inflection point at 422 cases,
which may reflect differences in analytical approach, out-
come definition, and procedural context rather than a direct
superiority or inferiority relative to ultrasound-assisted se-
ries.

Third, definitions of learning curves are highly hetero-
geneous across the literature. While many studies focus
solely on the reduction of USG-guided venous access [15]
or operative time [16], our CUSUM analysis was con-
structed directly on procedural failure using the landmark
technique. Although shortened operative times may in-
dicate surgical familiarity, the 422-case threshold identi-
fied in this study represents a statistical inflection point
within this specific dataset rather than a universal bench-
mark of procedural competence. In this context, Yanik et
al. [18] utilized the landmark technique in 98% of their
3000-case series. Our study represents a consecutive cohort
in which this approach was applied exclusively throughout
the series. These findings suggest that the landmark tech-
nique may be implemented within standardized workflows
in resource-limited centers; however, direct comparisons
with ultrasound-guided series should be interpreted cau-
tiously given differences in study design and outcome defi-
nitions. Beyond operator experience and technique, device-
related features have also been shown to influence compli-
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cation risk in implantable venous access systems, further
underscoring that procedural safety is determined by mul-
tiple interacting variables [19].

This study has several limitations that should be acknowl-
edged. First, its retrospective design may have imposed
constraints on data collection and analysis. Second, all pro-
cedures were performed at a single center by a single sur-
geon, which may limit the direct generalizability of the find-
ings to other institutions, given potential differences includ-
ing but not limited to operator experience, patient charac-
teristics, institutional workflows, and procedural protocols.
In addition, the relatively high annual procedural volume
in this single-operator series may have influenced the slope
and detectability of the learning curve. Consequently, ex-
ternal generalizability to lower-volume or multi-operator
settings should be interpreted with caution. However, for
studies specifically focusing on learning curves and proce-
dural safety, this design can also be considered a method-
ological strength. Operator-related variability in technical
preference, sensitivity, and skill level is a well-known con-
founder in learning curve analyses and may obscure true
performance inflection points. While absolute complica-
tion rates may differ among surgeons, the observed learn-
ing pattern and safety plateau may be informative for expe-
rienced practitioners performing landmark-based TIVAP-
related procedures in high-volume settings. Third, a direct
randomized comparison between the anatomical landmark
technique and ultrasound-guided placement was not per-
formed. Finally, as the primary focus of this study was on
the learning process and procedural success, very long-term
follow-up and late complication data were not included.

Conclusions

In conclusion, the inflection point at the 422nd case identi-
fied through CUSUM analysis indicates a transition toward
stabilization of procedural performance in landmark-based
TIVAP placement. When considered alongside thresholds
reported in the literature, this finding may reflect differ-
ences in study design, procedural context, and analytical
methodology rather than a directly comparable benchmark.
This relatively large cohort with high surgical intensity sug-
gests that sustained procedural exposure is associated with
a reduction in technical failure rates over time. In cen-
ters where access to imaging technologies is limited, the
anatomical landmark technique may represent a feasible op-
tion when applied within standardized workflows and ap-
propriate clinical oversight. Surgical experience and famil-
iarity with thoracic anatomy may contribute to maintaining
low complication rates within such settings.
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