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ABSTRACT

 › Introduction
Single port transanal surgery (SPTS) is a novel technique for the resection of rectal lesions, 

which are eligible for Transanal Endoscopic Microsurgery (TEM). Instrumental simplicity, 

similarity to laparoscopy, and standard lithotomy positioning in SPTS may reduce patients’ 

stay in the operating theatre, thereby improving the procedural efficiency. We aimed 

to compare the in-theatre stay of patients undergoing SPTS and TEM during the initial 

clinical utilization of SPTS.

 › Methods
Consecutive candidates for TEM who presented between April 2011 and December 2012 

were operated via SPTS, using the SSL Access System (Ethicon Endo-surgery, Cincinnati, 

OH, USA) and standard laparoscopic instrumentation. Cases were matched with patients 

who had undergone TEM from 2006 – 2010 in a 1:3 ratio. Controls were matched for lesion 

size, distance ab ano, rectal quadrant and benign vs. malignant disease. Procedures 

were performed by two colorectal surgeons with limited expertise in SPTS and extensive 

experience in TEM. Primary outcomes were in-theatre stay (including anesthesia induc-

tion, instrument preparation and patient positioning) and procedure time. Secondary 

outcomes included conversion rate to TEM, morbidity, R0 resection rate, hospitalization 

length and recurrence rate.

 › Results
Sixty-five patients were scheduled for SPTS; 4 procedures were converted to TEM (6%). 

SPTS was successful in the remaining 49 patients (66 ± 13 years; 29 (59%) males). Rectal 

lesions were located at a median distance of 7 cm (IQR 4-10) from the dentate line and 

measured 24.2 ± 34.4 cm2. Patients were matched to 147 controls who underwent TEM. 

Mean in-theatre time was comparable between treatment groups (SPTS 78 ± 31 minutes; 

TEM 86 ± 32 minutes; p=.105). Procedure times were also comparable (SPTS 42 ± 27 

minutes; TEM 49 ± 32 minutes; p=.232). Patients could be discharged home sooner after 

SPTS (1 day (IQR 1-2)) than after TEM (2 days (IQR 1-2) (p=.008)). R0 resection rates were 

76% in SPTS and 75% in TEM. Thirty-day morbidity rates were 16% in SPTS and 15% in TEM. 

Recurrence was diagnosed in 4% after SPTS and 9% after TEM; recurrence-free survival 

was comparable between groups (log rank p=.986).

 › Discussion
The early results of SPTS performed by TEM experts concerning feasibility, safety and 

efficiency seem promising. However, before SPTS can become a justified alternative for 

TEM, its learning curve including conversion rate and societal cost-effectiveness have 

yet to be assessed.
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INTRODUCTION

The application of transanal, minimally invasive procedures for the removal of large rectal 

tumours will expand in the near future. The resection of rectal adenomas prevents their 

development into rectal cancer and reduces long-term cancer related mortality.1,2 Colorectal 

cancer screening programs are widely implemented, thereby raising the detection of rectal 

adenomas and early rectal carcinomas. Organ saving strategies are increasingly applied in 

rectal cancer patients treated with chemoradiotherapy. Local excision of residual disease after 

neoadjuvant chemoradiation may objectify complete remission in an effort to avoid morbidity 

associated with total mesorectal excision and improve quality of life in these patients.3

The preferred minimally invasive surgical technique is transanal endoscopic microsurgery 

(TEM), which was first described by Gerhard Buess et al in 1984.4 While safe, it is technically 

demanding and requires an expensive specific platform. In an effort to reduce the learning 

curve and costs of TEM, various research groups have used two-dimensional visualisation 

and standard laparoscopic instruments as opposed to the three-dimensional stereoscope 

and dedicated instruments.5,6 To avoid having to use the expensive TEM platform, recent 

studies have investigated transanal use of single port devices, which were originally 

designed for laparoscopic procedures. Several case reports and case series have reported 

this novel technique, single port transanal surgery (SPTS). Favourable results have been 

achieved using the SILS port (Covidien, Mansfield, MA) in particular.7-17 After evaluating 

various disposable single port devices in a porcine model, we selected the SSL Access System 

(Ethicon EndoSurgery Inc, Cincinatti, OH) (SSL) for application in patients.18 In a pilot study, 

SPTS seemed feasible and safe in patients who presented with lesions otherwise eligible 

for TEM.19 Besides the lower costs, the ease of using standard laparoscopic instrumentation 

and the possibility to operate all patients in lithotomy position regardless of tumour 

localization may yield additional profit. In addition to this, procedure time and the time 

spent in the operating room are important pillars of health care efficiency. If operating times 

are comparable to TEM, the in-hospital costs could be reduced by less time-consuming 

set-up of armamentarium, in the absence of the TEM apparatus.

In this study, we aimed to assess the efficacy of SPTS compared to conventional TEM with 

respect to time parameters and surgical outcome during the initial clinical utilization of 

SPTS. We hypothesize that SPTS may require less time in the operating theatre, considering 

the lithotomy position, the easy and familiar materials, and despite the little experience 

with this technique so far. Furthermore, we compared the rates of histopathologically 

radical resections, morbidity, hospitalization lengths and recurrence rates associated with 

both procedures. 
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METHODS

Cases and inclusion criteria

Patients were eligible for recruitment in this study when they were diagnosed with a 

rectal lesion otherwise eligible for TEM, including primary and remnant adenomas, as 

well as selected adenocarcinomas between April 2011 and December 2012. All patients were 

analyzed according to a standard protocol including rectal digital examination, flexible 

endoscopy with biopsy, rigid rectoscopy and endorectal ultrasound. Lesions were generally 

considered for TEM if their distal margin was located within 15 cm from the dentate line. 

Patients could only be included if they were 18 years or older, and if their general health 

condition permitted surgery under general or spinal anesthesia. Informed consent was 

obtained from all patients.

Recruited patients underwent SPTS via the SSL. Procedures were performed by two surgeons 

(EdG and PGD) with extensive experience in TEM (> 500 and >100 procedures) and 

limited experience in SPTS. One surgeon had performed 13 SPTS cases. The other surgeon 

had performed 4 procedures and could include cases for the current study after he had 

completed an assumed learning curve of 10 procedures. Both surgeons were trained and 

certified in single port use by the manufacturer. 

Patients were generally admitted on the day of the procedure or the day prior, depending 

on the planned time of surgery and travel distance. Bowel preparation was undertaken 

with an enema. Preoperative antibiotic prophylaxis (cefazoline / metronidazol) was 

administered. All patients were operated in lithotomy position, regardless of tumour 

localisation within the rectum. The medium retractor (length 4cm) of the SSL was inserted 

transanally. After complete intrarectal expansion of the interior retractor membrane, the 

retractor attachment ring and seal cap were mounted. A pneumorectum of 12-15 mm Hg 

was created using carbondioxide insufflation. Resections were performed using a standard 

30-degree laparoscope and standard laparoscopic instruments, including harmonic shears 

(HARMONIC ACE® (Ethicon Endo-Surgery, Cincinatti, OH, USA)). We sought to perform a full 

thickness, en bloc (single piece) resection of the rectal lesion with a margin of macroscopically 

normal mucosa of 0.5-1.0 cm. Specimens were removed by detaching the seal cap only, 

without further disassembly of the instrumentation set-up. The defect was closed in the 

transverse direction using continuous self-anchoring sutures. A silver clip could be attached 

to the end of the suture at the discretion of the surgeon.

Resection specimens were stretched and pinned on a cork plate before immersion into 

formalin. After standard processing the resection specimen was transected each 0.5 cm 

for evaluation by a gastrointestinal pathologist. Resection specimens were defined as R0 

(radical), R1 (irradical) and Rx (unsurely radical).

Controls

Patients who underwent SPTS were matched with patients who had undergone conventional 

TEM between 2006 and 2010. Controls were selected from a prospectively collected database 

of all conventional TEM procedures by the same surgeons (EdG and PD). TEM was performed 

as described by Buess.4 Patient position (lithotomy, prone, left or right lateral position) varied 
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with varying adenoma localization (dorsal, ventral, right or left rectal wall respectively). 

Preferrably, lesions were resected transmurally and en bloc. The rectal defect was closed 

in the transverse direction with continuous sutures. 

Matching and exclusion criteria

Controls were selected by size of the resection specimen, distance from the dentate line, 

rectal quadrant (posterior vs. non-posterior) and benign vs. malignant disease. The mean 

size of lesions resected by SPTS prior to the current study was 20 cm2.19 Therefore, 20 cm2 

was determined as the cut-off value for matching purposes (<20 vs. >20 cm2). Furthermore, 

we differentiated between the proximal and distal rectum, using 7.5 cm from the anus as 

cut-off value for matching. Using these selection criteria, each patient who had undergone 

SPTS was matched with three controls.

Cases and controls in whom the SPTS or TEM procedure was converted to either transanal 

excision, conventional TEM (for SPTS cases) or any abdominal approach were excluded 

from this study, as the size of the resection specimen and procedure time could not be 

reliably assessed.

Data collection and outcome parameters

Demographic patient characteristics were collected, as well as lesion size, distance to the 

dentate line, rectal quadrant (anterior, posterior, left lateral or right lateral position) and 

final histopathological diagnosis of the resection specimen. Primary outcome parameters of 

this study included time spent in the operating theatre by the patient (including the time 

required for anesthesia induction, patient positioning, and set-up of the armamentarium) 

and procedure time. Time parameters were collected from the electronic registration system 

in the operating theatre. Secondary outcome parameters included conversion to TEM, 

perioperative morbidity, 30-day postoperative morbidity, R0 resection rate, hospitalization 

length, and recurrence rate. Peroperative complications included any event requiring change 

of surgical policy. Postoperative complications included hemorrhage (requiring readmission, 

transfusion or endoscopic or surgical intervention), rectal stenosis, fecal incontinence, 

suture dehiscence, abscesses, fistulae, urinary tract infections and mortality. Postoperative 

morbidity was classified according to Clavien-Dindo.20 Follow-up data were collected until 

the most recent endoscopy or death. Patients who were referred from another hospital 

for resection of their rectal lesion and who were surveilled in the referring hospital after 

a primary postoperative rectoscopy, were considered lost to follow-up after the primary 

postoperative rectoscopy.

Sample size

The expected reduction of the time spent in the operating theatre by patients was calculated 

using the time parameters of SPTS procedures available for analysis at the time of sample 

size calculation. The mean in-theatre time of the SPTS procedures performed prior to the 

current study was 81 minutes (standard deviation (SD) ± 36 minutes).19 The mean in-theatre 

time of all conventional TEM procedures performed in 2009 was 98 ± 36 minutes. 
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We feel that a reduction of patients’ stay in the operating theatre shortened by 15% is a 

relevant improvement of procedural efficiency. To detect a difference of 15% between the 

two groups with a β-error of 0.2, using a two-sided two-sample t-test with a significance 

level of 0.05, group sample sizes of 49 cases and 147 controls were needed.

Statistical analyses

Results for continuous variables were summarized using mean (standard deviation (SD)) or 

median (interquartile range (IQR)) for skewed data. Frequencies were used to summarize 

categorical variables. Statistical differences were analyzed by the χ2 test of independence 

for categorical data and the Student’s t-test, and the Mann-Whitney U test for continuous 

data between groups. All SPTS cases have been operated more recently than TEM cases. 

Considering the consequent differences in length of follow-up, we performed Kaplan 

Meier survival analyses to quantify recurrence-free survival. Therefore, the occurrence of 

recurrence was defined as the event, and values of patients who had not encountered a 

recurrence were censored at the end of follow-up. A P-value less than 0.05 was considered 

statistically significant. Calculations were made in SPSS statistics package for Windows 

(International Business Machines Corp., Armonk, NY, USA), version 19.0.

RESULTS

Cases, controls and rectal lesions

A total of 65 patients were scheduled for SPTS. Sixteen procedures (25%) were converted: 

conversions are classified according to technical or strategic character in Table 1. Four 

procedures (6%) were converted to conventional TEM; in one patient, fibrosis due to 

prior endoscopic polypectomy hampered rectal overview. In another patient, the distal 

margins of a distally located adenoma could not be adequately visualized by the SSL. In a 

very bulky adenoma at the rectosigmoid junction, rectal overview was lost after opening 

the peritoneum. In the final patient, the SSL retractor failed to expand because of fibrosis 

after prior TEM. 

The remaining 49 patients successfully underwent SPTS. They were included and matched 

with 147 patients who had undergone conventional TEM. Patient and lesion characteristics 

are summarized in Table 2. American Society of Anesthesiologists (ASA) classifications differed 

statistically between groups; patients undergoing SPTS were ASA 3 or 4 more frequently 

than patients who had undergone TEM. 

Rectal tumors were adenomas or polypectomy scars in 73% of lesions resected via SPTS 

and in 75% of lesions resected via TEM. The ratio of benign vs. malignant nature of lesions 

did not differ between intervention groups (p=.351). Tumor size and distance from the 

anal verge were also comparable between groups, as well as the rectal quadrant covered 

by the lesions (posterior rectal wall in 18% of SPTS cases and 12% of TEM cases, p=.938).
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Table 1. Conversions of SPTS procedures

Patients scheduled for SPTS (n) 65

SPTS completed (%) 49 (75)

SPTS converted (%) 16 (25)

        Technical conversion (n) 5

            - to TEM 4

            - to other port (SILS) 1

        Strategic conversion (n) 11

            - to transanal excision (Lonestar retractor) 5

            - to abdominal strategy

Hartmann’s procedure

Total mesorectal excision

(Referred back for) anterior re=section

2

3

1

Table 2. Patient and lesion characteristics per intervention group.

SPTS
N=49

TEM
N=147 p

Patients (n)

males (%) 29 (59) 73 (50) .248

mean age (±SD) (range) 66.0 ± 13.2 67.1 ± 10.8 .565

ASA classification

1

2

3

4

21 (43)

20 (41)

7 (14)

1 (2)

59(40)

80(54)

8 (5)

0 (0)

.043

Lesions

mean size (cm2) ± SD (range) 24.2 ± 34.4
(3.8 – 236.3)

30.8 ± 28.6
(.25 – 208.0) .190

median distance from anal verge (cm) (IQR) 7 (4-10) 7 (5-10) .955

rectal quadrant covered by lesion

Anterior

Posterior

Left lateral

Right lateral

circumferential

15 (31)

9 (18)

14 (29)

11 (22)

0 (0)

48 (33)

27 (18)

39 (27)

31 (21)

2 (1)

.938

Lesion types

Primary adenoma (%) 30(61) 104 (71)

.351

Scar after polypectomy (%) 6 (12) 8 (5)

T1 carcinoma (%) 9(18) 20 (14)

T2 carcinoma (%) 4(8) 12 (8)

T3 carcinoma (%) 0 (0) 3 (2)
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Interventions and hospitalization

Procedure characteristics are summarized in Table 3; there were no differences between 

SPTS and TEM. Subcutaneous air was discovered perioperatively in 1 patient undergoing 

SPTS (3%) and perioperative hemorrhage of approximately 400 mL occurred during a single 

TEM procedure (1%). No other perioperative complications occurred.

The mean time spent in the operating theatre was comparable between patients undergoing 

SPTS and patients who had undergone TEM (SPTS 78 ± 31 minutes; TEM 86 ± 32 minutes; 

p=.105). The mean actual procedure time was also comparable (SPTS 42 ± 27 minutes; TEM 

49 ± 32 minutes; p=.232). The mean time from patient arrival in the operating theatre 

until actual start of the surgical procedure was significantly shorter by 3 minutes in SPTS 

(23 ± 8 minutes vs. 26 ± 7 minutes in TEM; p=.006). Patients who underwent SPTS could 

be discharged home after a median of 1 days (IQR 1-2), compared to 2 days (IQR 1-2) after 

TEM (p=.008).

Table 3. Procedure characteristics.

SPTS
N=49

TEM
N=147 p

Resection thickness (%) .058

       Full thickness

       Partial thickness

       Partial thickness at sphincter level, 
       full thickness from pelvic floor upwards

       Unknown

45 (92)

1 (2)

3 (6)
 

0 (0)

112 (76)

16 (12)

18 (11)
 

1 (2)

En bloc (single piece) resection (%) 47 (96) 141 (96) 1.000

Peritoneal cavity entrance 3 (6) 15 (10) .570

Rectal defect sutured 45 (92) 135 (92) 1.000

Histopathological evaluation

Histopathological evaluation of SPTS resection specimens revealed microscopically negative 

resection margins (R0) in 37 cases (76%) and positive margins (R1) in 8 cases (16%). Definite 

conclusions about resection margins could not be made (Rx) in 4 cases (8%). These numbers 

were very similar to TEM resection specimens (R0 109 cases (75%), R1 25 cases (17%), Rx 12 

cases (8%), p=.988). 

Postoperative complications

Complications occurred within the 30th postoperative day in 8 patients after SPTS (16%) 

and 22 patients after TEM (15%, p=.819). Two patients had 2 postoperative complications 

after TEM; the remaining patients had a single adverse event. 

After SPTS, 4 patients presented with rectal hemorrhage. Two patients could be treated 

conservatively; one patient required adaptation of anticoagulant therapy and another 

patient required surgical exploration of the bleeding. One patient was treated with 

antibiotics because of pelvic sepsis in the absence of abscesses or peritonitis. Another 

patient required laxatives because of constipation. Finally, a 65 year old patient, in whom 
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a giant villous adenoma (>200 cm2) was resected, was readmitted in a local hospital. 

Laparotomy with creation of a stoma was required because of suture dehiscence. The 

patient died of multiple organ failure. 

Within 30 days after TEM, 10 patients presented with rectal hemorrhage; seven were treated 

expectatively and one patient required blood transfusion. Rectoscopy was performed in 

two patients, yet no endoscopic interventions were necessary. Three patients presented 

with peritonitis several days after TEM; all required additional surgery. Two abscesses were 

treated conservatively with antibiotics. Six patients had postoperative fever; five were 

treated with antibiotics and one patient was observed without treatment. 

In summary, postoperative complications associated with SPTS consisted of Clavien-Dindo 

class I, II and III-b and V in 50%, 25% 13% and 13%, respectively. Postoperative morbidity 

associated with TEM concerned Clavien-Dindo class I, II, III-a and III-b in 17%, 54%, 8% 

and 21%, respectively. Severity of the complications was comparable between intervention 

groups (p=.106). 

Follow-up

The median length of follow-up was 8.3 months (IQR 2.9-12.6) after SPTS, and 12.8 

months (IQR 5.6-37.0) after TEM (p=.002), Recurrence was diagnosed in 2 patients who 

had undergone SPTS (4.2%) and 12 patients who had undergone TEM (8.5%). The mean 

time to recurrence was 6.1 ± 0.2 months (range 6.0 – 6.2) in SPTS and 13.9 ± 9.2 (range 

3.4 - 35.6) in TEM. Survival analyses demonstrated comparable recurrence-free survival 

between both intervention groups (Figure 1, log rank p=0.986).

Figure 1. Recurrence-free survival curves of patients who underwent SPTS and TEM. Recurrence-free survival was 
comparable between intervention groups (log rank p=.986)
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DISCUSSION

In this study, the procedural efficiency of completed SPTS and TEM procedures was compared. 

It was shown that patients who underwent SPTS in a TEM expert centre spent as much time 

in the operating theatre as patients undergoing TEM, when taking into account the time 

required for anaesthesia induction, patient positioning and instrument set-up. In addition, 

the actual procedure times of both techniques were comparable. The time from arrival of 

the patient until start of the procedure was significantly shorter, although the difference 

was 3 minutes only. Finally, we found that the R0 resection rate, postoperative morbidity 

rate and recurrence-free survival of SPTS were comparable to those of TEM. We have assessed 

the SPTS procedures performed by 2 surgeons after their primary experience of only 10 

and 13 cases. Although a shorter stay in the operating theatre of patients undergoing SPTS 

could not be demonstrated, the efficiency of SPTS in the early clinical phase is promising. 

It may even improve in the future, when surgeons and operating room personnel become 

more accustomed to SPTS. 

Some conditions may have biased the collected time parameters. Firstly, this study was 

undertaken in a tertiary referral centre with regards to TEM. As such, surgeons, anaesthesiologists 

and nursing staff are accustomed to working with patients undergoing TEM. Instrument 

set-up, patient positioning and sterile exposure in this centre may be much more efficient 

than in other hospitals with low case-volumes. Secondly, many surgeons perform TEM 

using the monopolar knife or TEM400 instrument (Wolf GmbH, Knittlingen, Germany), 

which facilitates bipolar cutting and monopolar coagulation. In a systematic review of 48 

TEM studies published between 1980 and 2009, the pooled mean operating time of TEM 

was 97 minutes.21 In our current study centre, harmonic shears (HARMONIC ACE, Ethicon 

Endo-Surgery, Cincinatti, Ohio) were used for TEM procedures, as this had already led to a 

significant reduction of procedure time in the past.22,23 Mean operating times of TEM and 

SPTS in the current study were only 49 and 42 minutes, respectively. This may reflect the 

extensive experience of our surgeons, using harmonic shears. As a consequence, absolute 

operation times as well as their mutual comparison may not be fully representative. 

Twenty-five percent of intended SPTS procedures were converted to another strategy. 

Although this percentage is relatively high, the majority concerned strategic conversions. 

For example, patients with very distal lesions, in whom SPTS was diverted to conventional 

transanal resection via the Lonestar retractor should probably have been scheduled for the 

latter technique after their diagnostic workup. The same reasoning applies for diversion 

to oncological transabdominal approaches in case of suspected malignancy. Similar 

conversions can be expected in TEM. However, due to the study design and the criteria 

used for matching, it was impossible to compare conversion rates of SPTS and TEM. 

Only four SPTS procedures were converted to TEM. We have previously shown that conversion 

rates of TEM depend on surgical experience.24,25 Moreover, we used a standard port originally 

designed for laparoscopy. Specific adjustments of single port devices for transanal employment 
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by the manufacturers have come to the market. Perhaps, improved ports will lead to lower 

conversion rates in future studies. It remains unknown whether SPTS will eventually succeed 

in resecting a similar tumour spectrum with comparably low conversion rates. As TME may 

be the only alternative in some patients, this raises the question whether TEM should be 

available as a back-up to prevent unnecessary conversions.

Regardless of the question whether our results can be generalized, we were able to 

select three control patients for each case from the large database of our tertiary centre. 

We could minimize selection bias in our study by using matching criteria well known for 

their influence on procedure time, including tumour size, distance from the anus and 

histopathologic nature. The comparability of these tumour characteristics between our 

study groups indicates that matching was successful. Differences between cases and 

controls were limited to ASA classifications, and have unlikely influenced our study results.

As all SPTS cases have been operated more recently than the TEM controls, follow-up of 

patients who underwent SPTS was inevitably shorter in our study. Recurrence has only 

been diagnosed in two patients, and comparable R0 resection rates may predict similar 

recurrence rates, although it is well known that recurrence may depend upon additional 

factors. In both intervention groups, recurrence rates may be underestimated because 

follow-up data of nationwide referring hospitals were not retrieved. 

Hospitalization was significantly shorter after SPTS. This may also be explained by the 

differences in time periods and the accompanying increasing awareness that low-risk 

patients can be safely treated in day-case settings.26

Although it is generally thought that SPTS may have less anorectal functional consequences, 

conventional TEM has a limited impact on anorectal function in the first place. Manometrically 

quantifiable decreases in anal sphincter pressure are usually self-limiting and rarely lead 

to a clinical decrease in anorectal function. Postoperative functional complaints may also 

be due to an impaired rectal reservoir capacity, and therefore correlate with the size of 

the resected tumour.27 Nevertheless, considering the flexible nature of the various single-

access ports available for transanal surgery, unfavourable anorectal functional outcomes 

of SPTS are highly unlikely.

The promising results of this study reflect the outcomes of two surgeons who were highly 

experienced with TEM. Before SPTS can be broadly implemented and performed by general 

laparoscopic surgeons, some other important issues have to be studied, including the 

effectiveness and the learning curve of SPTS. In a recent study, we found a learning curve 

effect of TEM with regards to conversion rate, -recurrence rate and hospitalization length, 

even per individual additional procedure.25 The importance of centralisation of care, as 

demonstrated by this study, applies for SPTS all the same. In anticipation of colorectal 

cancer screening programs and expanding numbers of patients with rectal cancer eligible 

for organ saving treatment regimens, an increase of surgeons who are competent in 
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minimally invasive rectal procedures is desirable. Colonoscopic resection of benign rectal 

adenomas by endoscopic mucosal resection (EMR) may lighten the aggravating case-loads.28 

Structural training programs and follow-up of trainees allow for careful implementation 

and uniform quality monitoring of SPTS. 

In summary, although the primarily reported feasibility, safety and procedural efficiency 

of SPTS seem very promising, future studies need to focus on the learning curve including 

conversion rate and cost-effectiveness of the technique. If SPTS proves a justified alternative 

for TEM with regards to these essential parameters, its implementation in surgical practice 

should be founded on competency-based training, centralisation of care, uniform data 

collection and transparent audit systems. 
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