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Introduction
The assessment of the extrusive gastric resection and 

lymphadenectomy during surgery performed in gastric cancer 
pathology is controversive. It is well known that in the early 
stages of gastric cancer when the malignant process does not 
exceed the mucosa, the patient being in an ideal therapeutic stage 
the cancerous proliferation is already accompanied by neoplazic 
lymphatic embolie. This early lymphatic invasion brings forward 
the role of the morphology of the lymphatic system in the 
neoplazic dissemination and in the genesis of metastasis [1-
6]. Surgeons believe that in the median, only one fifth of the 
patients with and without systematic lymphadenectomy had 
positive nodes whereas pathologists found almost three fourths 
of positive lymph nodes (72,7%) in patients with proximal  

 
carcinoma of the stomach as compared to those without 
systematic lymphadenectomy (30,8%). The figures for middle 
and lower third carcinomas were even higher (63,5 vs 13,9% 
and 75,9 vs 27,1%) [7-10]. 

Gastric cancer is common throughout Europa. In 2000 there 
were 192.000 diagnoses with 158.000 deaths.

Despite advances in surgical therapy, and in neo or adjuvant 
chemo-radiotherapy the overall 5-year surgical rate remains poor 
about 20 per-cent compares with that of 70 per-cent achieved in 
Japan. Duch an UK [1,2] trials have examined whether extended 
lymphadenectomy might prove as affective in westem patients. 
The Dutch trial suggests a survival advantage in the D2 group, 

Abstract

Introduction: The system of drainage proposed by Rouviere was on the whole confirmed; however, one should emphasize the doubling of 
the hepatic chain, the existence of long collectors which bypass a relay in the left gastric artery, the importance of the posterior gastric artery 
which transmits the lymphatic of the splenic chain. Finally, the authors emphasize the existence of 3 longitudinal areas on the stomach where 
the presence or absence of valvules in the subserous collectors orients the lymph towards the lesser or greater curvature of the stomach, which 
easily explains the onset of isolated carcinomatous adenopathy, situated on the curvature opposite the neoplasm.

Background: In cancer gastric there are several staging systems for lymph node metastasis. The pN classification of gastric cancer is 
currently based on the distance of metastasis nodes from the primary tumor, and the UICC( Union International Centre le Cancer) has proposed 
a new classification system based on the number of the involved nodes. The aim of the present study: the author became interested in the 
lymphatic drainage of the stomach involved by the cancer, in order to attempt to determine for each region the type of drainage and the risk of 
the cancer spread.

Methods: The author studied 150 dissection including the resected stomach, 230 cases records of gastric carcinoma, 24 lymphographies by 
ultrafluid Lipiodol, and 100 preoperative in Vivo injections of vital (dye in stomac carcinoma).

Results: The system of drainage proposed however, one should emphasise the doubling of the hepatic chain, the existence of long coleectors 
which bypass a relay in the left gastric artery, the importance of the posterior gastric artery which transmits the lymphatic of the splenic chain.

Conclusion: Finally, the author emphasyze the existence of 3 longitudinal areas on the stomach where the presence or absence of valvules 
in the subserous coleectors orients the lymph towards the lesser or greater curvature of the stomach, which easily explains the onset of isolated 
carcinomatous adenopathy situated on the curvature, opposite the neoplasm. The results from the present study suggest a more extensive 
operation with gastric resection always combined with systematic lymphadenectomy if no distant metastasis are found. The unpredictability 
of metastases, the importance of the retrograde lymphatic flow in the etiology of lymphatic metastases regardless of the location of the gastric 
tumor, suggest the real value of the enlarged lymphadenectomy cases when curative surgery is achievable.
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particularly in splenectomy and pancreatectomy are avoided in 
the patients with prolonged follow-up, but in overall evolution in 
both trials there was little difference in the early postoperative 
evolution between western D1 and D2 lymphadenectomy. In an 
Italian randomized trial (3) the results were similar to those of 
the Japanese similar advantages for more radical D2 dissection 
when observed from Germany (4) and the UK (5) [11-16]. 
Improving the outcome for patients with gastric cancer must 
also concentrate on better understanding of tumor biology [17-
23]. The histologic studies shown that the infiltration of the 
deepest layer of the mucosa were associated with lymph nodes 
metastasis from 0% to 12,8% [24-29]. In the presence of the 
submucosa invasion, the rate of lymph node metastasis is double 
compared with mucosal cancer infiltration.

In the early gastric carcinoma, only a diameter of the 
tumor more than 2 cm was an independent predictor of lymph 
metastasis in some publications [30-38]. The assessment on 
the extensive gastric resection and lymphadenectomy during 
surgery performed in gastric cancer pathology is not currently 
remains one of the specialist’s concerns [39]. It is well known 
that in the early stage of gastric cancer, when the malignant 
process does not exceed the mucosa, the patient being in an 
ideal therapeutic stage the cancerous proliferation is already 
accompanied by neoplazic lymphatic embolie. This early 
lymphatic invasion brings, forward the role of the morphology 
of the lymphatic system in the neoplazic dissemination and in 
the genesis of metastasis [40-48].

Surgeons believe that in the median only one fifth patients 
with and without systematic lymphadenectomy has positive 
nodes, whereas pathologists found almost three-fourth less 
of positive lymph nodes (72,7%) in patients with proximal 
carcinoma of the stomach as compared those without systematic 
lymphadenectomy (30,8%). The figures for middle and lower 
third carcinomas were even higher (63,5 vs 13,9% and 75,9 vs 
27,1%) [7,8,49-52]. Positive lymph nodes in gastric carcinoma 
are most common in the peri gastric area and their distribution 
is clearly related to the site of tumor. In some studies, in patients 
with carcinoma of the proximal stomach the involved lymph 
nodes along with the hepatoduodenal ligament were in 9 to 9% 
and in 7 to 16% of patients with carcinoma of the distal part of 
the stomach [8,16,53-55]. The prognosis for gastric carcinoma 
after curative resection is corelated with the presence or absence 
of lymph node invasion(N+) and serosal invasion [3,56].

Shimodo et al. (cit.18) reported that the depth of invasion 
and lymph node metastasis correlates with early gastric cancer 
as follows: in gastric cancer within mucosal invasion and without 
ulcer , the patients have no lymph node metastasis, in presence 
of ulcer or invasion of submucosa (within 200 depth only in N1 
groups are the metastases present and 5% of all submucosal 
cancers deeper than SM1 is the N2 metastasis present.

Accurate classification and staging allow the physician to 
determine a more accurate treatment, to evaluate the results of 

management more reliably and compare worldwide statistics 
which are reported from various institutions and a local, regional 
and national basis more confidently [12,43].

The anatomical distribution of regional lymphnodes is 
determined by the Japanese Gastric Cancer Association, but 
the numbering (N1-16) and grouping (group 1-3) depends on 
the location and extension of tumors and is too complicated to 
be used routinely at community hospitals worldwide. Adachi 
et al publish a classification for lymph node metastasis: level 
I nodes (perigastric No 1-6), level II nodes (intermediate No 
7-9), and level III nodes (distant No 10-16) respective of the 
tumor location. Adachi et al classified that not the anatomical 
level but the total number of positive nodes (1-6 vs >7) was 
an independent prognostic indicator for node positive gastric 
cancer. In several studies the number-based N(lymph-node) 
classification was superior to the classification based on the 
lymph nodes anatomical location [57-62].

Methods
The aim of the study is to present the results of research 

conducted by authors on the effects of gastric cancer on the 
lymphatic circulation of the organ the lather suffering secondary 
structural changes. Research has focused strictly on changes 
which occurred in gastric lymphatic system efferent to the 
topography of gastric tumor. The distribution of lymph node 
metastasis was histologically confirmed in 115 cases of gastric 
cancer in 35-year period (1980-2015). Statistical study of the 
distribution of perigastric adenopathy was completed with 
the dissection of 50 operative parts and with the performing 
of gastric lymphography with ultrafluid Lipiodal in 24 cases 
following SCHACHATS technique [1,2,63]. In view of studying 
the living human gastric lymphatic system, 100 intraoperative 
gastric lymphography’s were performed using vital dye. This 
last chapter of the current study refers to the work of gastric 
lymphatics conducted by the authors; others segments of the 
study representing the theme of a different publication. Method: 
after performing the laparotomy blue dye dissolved in water 
(1%methlene blue) was injected in different points of the gastric 
wall, the dye injection being practiced in gastric segments which 
were to be resected. Before the operation we have an accept for 
the patients to perform lymphography and we have accepted 
from the ethics community of the Hospital.

In 30 cases the dye was patent blue dye 1% concentration. 
The dye was injected into the subserous layer of the gastric wall, 
1,0-1,5 ml was injected in every place with a very fine needle 
(insulin needle), as the insertion of needle was conducted 
grazing the gastric wall. The maximum amount of dye use was 
5-6 ml. The staining of the lymphatic network accured during a 
slow injection of dye on 1-10 minutes after injection or following 
the injection. The efferent lymphatic ways were injected with a 
rapid spread of the dye toward the lymphatic stations N1, N2 
sometimes to stations N3. In most cases one could clearly see the 
lymphatic network design, indicating the directions of lymphatic 
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movement. In few cases however we have not achieved any 
results, as the ways had not been dyed, a situation in which we 
found no convinging exploration (technical error). With this 
method we performed intraoperative lymphography in 48 cases. 
One may mention that the injection of dye be used to perform a 
more precis intervention as it usually rendems a better images 
of lymph nodes by their colocation (Figure 1). 

Figure 1: The intraoperative lymphatic staining in gastric cancer.

The injection of dye in the posterior wall was made after the 
Colo epiploic removal or after sectioning the duodenum which 
greatly allowed the visualization of the posterior gastric wall. 
The injection of the bottom region of the stomach was performed 
only in cases requiring total gastrectomy and in a case of superior 
polar esogastrectomy through thoracoabdominal way. The 
spreading of the dye was followed intraoperatively in areas of 
the stomach where gastric lymphatic ways were not interrupted. 
After a while the dye would soak into the nearby tissues and on 
the removed operative part typically were observed only blue 
spots. As a result, the intraoperative images are not suited for 
storage.

Results 

Figure 2: The 5 areas of the lymphatic channel in gastric wahl.

Figure 3: Efferent Channel of the lymph in gastric tumor.

On basis of 100 studied lymphographies the results allowed 
the following findings. The lymphatic of the vertical segment of 
the small gastric curvature form two systems (Figures 2 & 3). 

The five lymphatic ways of the stomach: areas I cardial; areas 
II coronary of the smaller curvature; areas III pylori’s; areas 
IV right gastroepiploic; areas V left gastroepiploic. The first 
lymphatic stations of the cardial zone (area I) are formed by 
paracardial nodes which efference can be bidirectional namely: 
on lymphatic path situated along the coronary to the celiac 
system and through Para esophagus nodes, to the mediastinum. 
The first lymphatic stations of the central segment of the smaller 
curvature (area II) are the parietal nodes of the gastric walls. The 
efferent branches flow into the nodes of the coronary and celiac 
artery. These findings show that in the areas I, II the lymphatic 
through anastomoses in two or three lymph node stations is 
without a strict delimitation.

Figure 4: lymphatic system of the stomach after Polya-Navraty.

Figure 5: 

A.	 Bi-directional diffusion of the great injected dye in the 
gastric wall in the vecinity of the grater gastric curvature.

B.	 The dye injected in vivo, shown the bidirectional diffuse of 
the dye in the neighbourhood of the greater curvature.

C.	 Bi-directional diffusion of the great injected dye in the 
gastric wall in the vecinity of the grater gastric curvater.

D.	 The dye injected into the fundic region near the greater 
gastric curvature often fills the lymphatic paths associated with 
paracordial nodes.

In the cardia and pylorus, the efferent lymphatic anastomoses 
are already in lymph node stations one. These findings confirm 
the practical validity of the classical descriptions of Rouviere 
and Caller (Figures 4a & 4b). The lymphatic network of the 
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gastric wall is characterized by multiple communications 
between different gastric territories, with bidirectional diffuse. 
The matier is emphasized in the image marked (1). The changes 
in the limited areas which may occur in some cases are shown 
in image nr(5a) shown the localization of the tumor (the real 
area of the tumor) (Figures 5a-5d). The dye injected into the 
fundic region near the greater gastric curvature often fills the 
lymphatic paths associated with paracordial nodes (Figures 6a–
6c). Lymphatic network colored after the dye injected in different 
areas of the stomach. The dye injected in the prepyloric area fills 
a multidirectional lymphatic network. Figure 7 If injected in the 
presence of a tumor compressing the great curvature (red area) 
it distributes multidirectional in the efferent lymphatic paths.

Figure 6: 

A.	 Dyed lymphatic network after dye injection in different 
areas of the stomach.

B.	 The dye injected in the prepyloric area fills a 
multidirectional lymphatic network.

C.	 Dyed lymphatic network after dye injection in different 
areas of the stomach.

Figure 7: Image reproduction of the multi-directional prepyloric 
lymphatic network.

Regarding the efferent lymphatic ways of some gastric areas, 
our observations show that the prepyloric segment of the lesser 
gastric curvature has the most lymphatic ways, one of these were 
on short way directly to the lymph node station of the liver helium 
(Figures 7a & 7b). In this case we notice a lymphatic way that after 
reaching (page 8) the lesser curvature will lead retro duodenal. 
Other vessels are leading to the hepatoduodenal ligament all the 
way to the hepatic hilum. The majority of lymphatic vessels lead 

toward upper pyloric vessels and celiac tru only in two cases 
have the lymphatic paths been fill which lead from the lesser 
curvature toward suprapancreatic nodes, following the retro 
pancreatic way by splenic hilum. Such lymphatic vessels have 
been described by JAMIESON-DOBSON. In one case of tumor of 
the lesser gastric curvature, such a lymphatic branch is divided at 
the greater gastroduodenal curvature, one of their crossing the 
anterior part of the duodenum which then flows within the retro 
duodenal nodes Figure 8. The dye which was injected near the 
tumor emphasizes the lymphatic network developed around the 
tumor. The arrows indicate the presence of a lymphatic with a 
known path. These lymphographic findings reinforce the clinical 
observations according to which in the presence of prepyloric 
tumor, the lymphatic dissemination is multidirectional. The 
poorest area of lymphatics the gastric “V” area, located in the 
medium and superior 1/3 of the greater curvature named “mute 
area” as in this particular area the incidence of malignant tumors 
is reduced the efferent lymphatic vessels of this area lead toward 
the splenic hilum which was demonstrated by RIO BRANCO.

Figure 8:
 A.	 Tumor of the lesser gastric curvature, such a lymphatic 
branch is divided at the greater gastroduodenal curvature, one 
of their crossing the anterior part of the duodenum which then 
flows within the retroduodenal nodes.
B.	 Intraoperative image of lymphatic diffusion from the 
lesser gastric curvature to the duodenum.

Figure 9:
A.	 Lymphatic Tract; O: anertum; l.g: Ligamentum 
gastrocolicum; m.c: mesocolon; P: pancreas; a.I: arteria liazalis; 
t: tumora; d: duodenum.
B.	 Intraoperative with special lymphatic flow.

In a case of our own, we notice the presence of an efference 
which was new to this territory. After administering the dy 
within the distal part of the gastric field V, a lymphatic network 
has been drawn in the dorsal part of the gastrocolic ligament 
to the colon, flowing in a paracolic node. After a peripancreatic 
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path its efferent branch has flow to the origin of the splenic 
artery. This observation demonstrates the existence of multiple 
variants in gastric lymphatic path (Figure 9). We have obtained 
beautiful images in limites plastica while injecting the dye in 
those areas where the tumor has not infiltrated the sub serosal 
area. In Figure 10, on can see the sub serosal network being 
filled with dye thus forming large vessels, only near the gastric 
curvatures. 

Figure 10:
A.	 Lymphatic filling in the plastic linit.
B.	 IOP the lymphatic diffusion only near the gastric 
curvatures.

Figure 11: Lymphatic filling during the intervention for gastric 
ulcer.

In the tumor involves the serosa, the lymphatics became 
thrombosed and will develop new paths the latter bypassing 
the tumor, which will then pour in the neighboring nodes on the 
same curvature (Figure 11). The lymphatic pathways which go 
to the small curvature elide the tumor. We have often observed 
that in tumors the lymphatic circulation is reversed with the 
lymphatic spread to the across curvature, retrograde lymphatic 
flow, something we have not seen in a normal stomach. Moreover, 
any attempt of manual compression, of the region has caused 
the breakage of lymphatics without the removal of the dye itself. 
In many of the studied groups, we have noticed on which was 
caused the diversion of circulation metastases located in lymph 
nodes are along the lymphatics. The tumoral tissue destroys 
intraglandular capillary network. While there is lymphatic tissue 
along the tissue, the lymphatic circulation is not stopped in the 
node however, the dye only marks the healthy area. This shows 
a completely invaded lymph node will change the direction of 
the lymphatic flow. This formulation is an agreement with a 
finding in our case with central tumor after which injecting the 
dye in the peritumoral area, the lymphatic filling was noticed 
in a lymphatic vessel along the great gastric curvature which 

was interrupted in the vicinity of a metastatic node , deviating 
toward the small curvature of the duodenum (Figure 12).

Figure 12: 
A.	 Lymphatic filling. Tumoral metastasis deviates lymphatic 
circulation.
B.	 The tumoral metastasis deviating the duodenum.

Figure 13: 
A.	 Lymphatic filling in case of prepyloric tumor. Tumor 
metastasis determines the appearance of retrograde lymphatic 
flow.
B.	 The retrograde lymphatic diffusion in prepiloric tumor.

Figure 14: 
A.	 Dye injection in the greater curvature 1-stomach 
2-Pancreas.
B.	 Dye injection at the junction of the greater curvature with 
long tuberosity.
C.	 Particular aspect in a case of antral cancer(pT2) with 
efferent lymphatic path was toward the hepatic hilum after 
injecting the dye.
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Figure 15: Dye injection at the junction of the greater curvature 
with long tuberosity.

Figure 16: Lymphatic channel and gastrocolic ligament.

Figure 17: The dye diffusion on the small and great gastric 
curvature.

F: Fundus; C: Corpus; A: Antrum
Figure 18:The proportion of gastric tumor metastases 
independent of tumor location.

The different case (Figure 13) showing a circular prepyloric 
tumor the injection of dye near the duodenal edge was followed 
by the staining of lymphatics, which shead within the sub pyloric 
nodes as the lymphatic flow was followed by retrograde direction 
the great gastric curvature. The last two observations mentioned 
above reinforces Nishimura’s observation creating a prerequisite 
for metastatic invasion. The gastric lymphatic system as well as 
the possibility of the retrograde lymphatic circulation in the 
tumoral pathology allows the evolution lymphatic metastasis in 
any tumor territory. In some cases, we have noted the presence 
of distant metastasis, given that the peritumoral nodes were 
(N-) histological. These metastases we have considered as “skip 
metastases” (Figure 14). We have noticed a particular aspect in 
a case of antral cancer(pT2) with efferent lymphatic path was 
toward the hepatic hilum after injecting the dye. Is it a short way 
to the direct dissemination in 9th station? (Figures 15-18).

Discussion
The results obtained through applied in the study of 

tumoral gastric lymphatic circulation allow few comments 
(Figure 18). In papillary tumors, the lymphatic metastasis was 
predominant in the celiac and subpiloric group, as well as in 
the splenic hilum in 11% of cases. These findings reinforce the 
importance of retrograde circulation in tumoral gastric surgery 
[3-5,37,64-70]. We have found 36% of cases with tumor of the 
cardia, the presence of subpiloric lymph node metastasis and in 
45% lymphatic metastasis in the splenic hilum which highlight 
the importance of retrograde lymphatic flow in loco regional 
metastasis [29,71]. In the presence of medio gastric tumors, the 
metastasis was multidirectional including all curvatures, splenic 
hilum and retro pancreatic current which shows the existence 
of a multidimensional continuation in malignant lymphatic 
dissemination through lymphatic ways which are efferent to the 
tumor. 

Despite the undeniable [31] existence of lymphatic 
anastomosis histopathological distinguished, the pylorus is a 
serious barrier against lymph progression. In over 85% of our 
cases, the prepyloric injection of dye in the direction of the 
duodenum has revealed the formation of a ring that stretches 
over marginal supra and subpiloric area, representing a true 
barrier. Considering the results, we have obtained Figures 2 
& 3 as well as the classic anatomic data Figures 4a & 4b three 
territories with gastric lymphatic drainage have been confirmed, 
with clinical significance in tumoral pathology. 

a.	 The coronary territory, described by Rouvier which 
covers the entire surface of the lesser curvature, comprising 
the upper two thirds of the horizontal portion of the stomach.

b.	 Rouviers hepatic territory stretched throughout 
the great curvature and the horizontal part of the lesser 
curvature, the angle and lower vertical portion of the lesser 
curvature. 
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c.	 The splenic territory which comprises two left thirds 
of the great tuberosity and the first two inches of the middle 
portion of the greater gastric curvature. 

This scheme regarding drainage is valid for the study 
resection pieces as in the living man, is suffers numerous 
readjustments, primarily due the dynamics of lymphatics 
digestive viscera which is linked to peristaltis and the presence 
of lymphatic valves which direct the lymphatic flow in different 
areas. This explains the situation which we observed on presence 
of “paradox” metastases a synchronous multicentric lymphatic 
dissemination.

In the light of the above observation one can divide each 
gastric face in the proximity of the lesser curvature and a 
median strip. The lymphatic located in one of the expense areas, 
are conducted corresponding curvature through the movement 
of the valves as subserous collaterals are in continuity from 
one stomach curvature to another only the lymphatic vessels 
before the curvature have valves. The above analysis has been 
deduced from in vivo aspects of intraoperative lymphography. 
The lymphography’s which were performed on resection parts 
with lipoidal dye to the lock of peristaltic, the lymphatic valves 
were in a few cases forced [63] by injection counter. The aspect 
detected during the lymphography performed intraoperatively, 
may explain the presence of lymph node metastasis located 
on the curvature opposite to the neoplasm. This is explained 
by the fact that the hyper pressure down streaming causes the 
cancerous cells to be showed and blocked from streaming to 
the intermediate evaluated area. These areas are caught in the 
lymphatic station through valuate collectors which will head the 
lymph in different directions where the lymphatic paths are not 
blocked by malignant cells and still function physiologically.

As opposed to the schema of classic lymph drainage of the 
stomach, which were established through the studies of corpses 
the in vivo gastric lymphatic drainage is partially changed by the 
mandatary presence of intermediate areas, which are interposed 
between the three known classical areas so that the coronary 
and splenic territory may include the intermediate areas [6-8,11-
13]. Of course, the drainage of tumoral cells may spread in every 
direction as shown in the results of the in vivo lymphography 
[64-66,71,72]. There is however a preferential drainage heading 
to the classic node group. Znniser et al. [73,66,74,54] in a 
study regarding the evaluation of the spread in the gastric wall 
has found a wide variation in it extend. The tumor spread can 
be observed through the intramural lymphatic sor in the sub 
serosal layers, with local extension intra the esophagus or the 
duodenum [3,7,25,30,31,73,75,76].

In the present study, we have observed that the extension 
into the duodenum was in the majority of cases through the 
muscular layer with direct infiltration of the lymphatics channel, 
and through the lymphatics from the serosa. In all observed 
cases the extension into the duodenum was generally with a 
limited extent.

In the proximal gastric tumors, the in vivo blue dye showed 
the diffusion of the dye into the esophagus wall, were in the 
majority of cases through the submucous lymphatic channels. In 
the present study, the stained nodes were most common in the 
perigastric area and their distribution was clearly related to the 
site of the tumor. This observation is similar with other studies 
[3,25,26,30,31,61,74,77-80].

Frequently however the lymph node stations were involved 
for from the primary, that is along the hepatoduodenal ligament, 
in 5-19% of patients with proximal carcinoma, and in 6-16% of 
patients with carcinoma, and 6-16% of patients with carcinoma 
of the distal part of the stomach [2,5,17,18,30,31,73]. The 
present study confirms the results as published by Keller et al. 
However insufficient clearance of micro metastasis deposits 
within regional lymphatic vessels and surrounding tissue seems 
to be the main cause of the stomach [18,19,67,80-85]. We found it 
interesting to follow the distribution of lymphatics from the juxta 
parietal nodes and establish appreciate regrouping its collectors. 
One could notice a halving of the hepatic lymphatic chain and 
drainage to be collectors from a relay in gastric coronary nodes 
and the importance of the posterior gastric artery which sustains 
the splenic node chain [1,4,24,25,31,32,63,86].

The prognostic significance of lymph node dissection in 
the gastric carcinoma remain controversial, but some studies 
suggested that the extend of lymph node dissection (D1, D2 
orD3) is an important factor associated with the early or late 
recurrence [87-92]. Lymph node metastasis decisively affects 
prognosis in gastric carcinoma, and the operative clearance of 
the lymphatics is importance and requires a thorough surgical 
training if it is to be done effectively and safely [93-97]. 
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