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Pancreaticoduodenectomy: The Ibadan experience.

Abstract:
Introduction
Pancreaticoduodenectomy (PD), first described by Allen O. Whipple in 1935, this procedure has evolved from a complex, staged operation with high morbidity and mortality to a routine single-session surgery.
Methods
This non-randomized intervention study at the Surgical Department of University College Hospital Ibadan ran from March 2020 to March 2024. Data obtained included clinicopathologic, peri and post-operative details, and morbidities. Analysis was with software SPSS 23.
Results
A total of 22 Whipple procedures were performed during this period. The commonest symptoms were weight loss (72.7%) and jaundice (63.6%). Most patients had performance status of Eastern Cooperative Oncology Group (ECOG). The mean duration of illness was 2.5 ± 1.1 months. Average operation time was 5.67 ± 1.29 hours, with mean blood loss of 672 ± 118 ml and mean hospital stay of 17.7 ± 18 days.
Three patients (13.6%) underwent the pylorus-sparing procedure, while two underwent total pancreatectomy (9.1%). Pancreatic fistula was the major postoperative complication, affecting two patients (9.1%), and six patients (27.3%) were admitted to the ICU. Commonest diagnosis was pancreatic adenocarcinoma.
Three patients (13.6%) died from multiple organ failure within the 30-day postoperative period. The mean follow-up duration was 7.8 ± 7.2 months.
Conclusion
We present our outcomes following this complex surgical technique in our resource-limited setting in sub-Saharan Africa.
Keywords: Pancreatic tumor, Whipples procedure, periampullary tumors, Ibadan, Whipple, Pancreaticoduodenectomy, Ibadan, surgery, periampullary carcinoma


[bookmark: _GoBack]Introduction:
[bookmark: _Hlk190941632]Based on GLOBOCAN 2020 estimates, pancreatic cancer constitutes 2.6% of all cancers and is the 7th leading cause of cancer mortality (4.7% of all cancers), while periampullary tumors represent the 9th and 8th cause of cancer-related mortality in males and females, respectively, worldwide.1,2 The abysmal survival rate is due in part to the presence of metastatic disease at the time of diagnosis in many of these patients and poor response to other modalities of care; indeed, pancreaticoduodenectomy (PD) offers the best hope of long-term survival.3,4,5 Since the advent of PD as a 2-stage procedure in 1935 and subsequent modification to a one stage procedure in 1940 by Allen O Whipple,6 PD remains amongst the technically challenging operations in the field of general surgery.3 From early misconceptions like ‘the duodenum being essential for human survival’ as being the norm; use of catgut suture, human cadaver / animal experiments and later discovery of vitamin K amongst other critical care improvements, innovations and refinements have improved the outcome.6,7,8,9 The evolution in expertise along with leaps in knowledge and application of steady state technology have resulted in improved survival and a clear decline in morbidity and mortality following PD over the last few decades.3,5 Other therapeutic options in the management of the quartet of periampullary tumors (duodenal, ampullary, pancreatic and biliary) have shown marginal improvements in outcomes, thus there is an inclination to proceed directly to surgery when there is a resectable tumors without the option of neoadjuvant therapy.10,11
 Complex pancreaticobiliary procedures are more tedious in resource limited environments12 and only a handful of surgeons achieve competencies in them, particularly in sub-Saharan Africa mainly because the volume of operable cases is limited, as most patients present in an advanced stage of the disease.13,14,15 Only 10-20% of diagnosed patients have resectable disease at presentation.13,15 Consequently, the likelihood that tertiary centers in sub-Saharan Africa will qualify as high-volume centers is extremely low. The foregoing, are a direct offshoot of the resource constrained nature of the local health system in sub-Saharan Africa, translating to limited access to and affordability in health care.16,17,18 In this study on PD, we report on the analysis of our operative experience and outcomes of a surgical cohort in Ibadan, Nigeria following pancreaticoduodenectomy for periampullary carcinoma, followed up for a minimum 1 year, disease progression or till demise in Ibadan, Nigeria.





Materials and Methods:
We performed PD on 22 patients who had periampullary tumors (duodenal, ampullary, pancreatic and biliary) between January 2017 and December 2022 in our surgical practice. All procedures were led by either OOA or DOI. We followed them up for a minimum of one year for disease progression, or till demise. Parameters/ variables that were obtained include the patient’s demographic characteristics, clinicopathologic profile; including the stage of disease, evidence of nodal spread, imaging information, and the operative, perioperative and follow up details till date, disease progression and /or demise when we commenced analysis of the results. The study was conducted in compliance with the guidelines of the Helsinki declaration on biomedical research in human subjects. The patient’s recruitment for the study was at diagnosis (clinical, radiological and biochemical) of the quartet of periampullary tumors for which a decision for a Whipple procedure was made. All the patients were followed-up after discharge with clinical, biochemical and imaging modalities. None received neoadjuvant treatment.
All information was recorded in Microsoft excel spreadsheet and statistical analysis done using SPSS version 23 (IBM Corp; Amonk, New York USA). 






 Preoperative:
All the patients had full clinical examination, focused abdominopelvic ultrasound scan, contrast enhanced CT scan and tumor marker assay to exclude metastatic disease whilst assessing for local vascular involvement. 
Operative Technique:
All cases were performed under general anesthesia and were augmented with the perioperative use of epidural analgesia, except when contraindicated.
A midline(supraumbilical) incision with a right subcostal incision was made
Exploration for metastases (peritoneum, liver) and or local invasion of the transverse mesocolon (root of the middle colic vein) was performed
Catell-Braasch maneuver and reflecting the transverse colon to the left in order to expose the duodenum in its anatomical entirety.
The ‘Tunnel of love’: plane between the pancreas and the superior mesenteric vein (SMV) in the infra-colic region and portal vein in the supra-colic region was established
Bile duct transection done
Portal vein (PV), Superior mesenteric vein (SMV) and splenic vein isolation and slinging
Gastric(antrum), pancreatic (neck and body junction) and jejunal transection distal to ligament of Treitz was performed
Reconstruction – Pancreatico-jejunostomy in an end to side and duct to mucosa (2 layer) anastomosis fashion 4.0/ 3.0 Monocryl
Roux -en-y isoperistaltic loop in retro or antecolic fashion with hepaticojejunostomy and 
Downstream gastrojejunostomy
Wound drain (closed passive) in the hepatorenal recess was inserted
Histology report review then adjuvant chemotherapy
12 weekly reviews till disease progression or demise by clinical, biochemical or radiological imaging reviews














Results: 
A total of 22 Whipple procedures were performed during this period. The most common presenting symptom was weight loss, 72.7%, followed by jaundice, 63.6%. (Figure 1) The preoperative performance index was Eastern Cooperative Oncology Group 1 and 2 in the majority of the patients. The mean duration of illness was 2.5±1.1 months, the mean operation time was 5.67±1.29 hours, the mean blood loss during surgery was 672±118 ml, and the mean hospital stay was 17.7±18 days, respectively. Three (0.6%) patients had pylorus sparing procedure and 2(0.4%) had total pancreatectomy. The major postoperative complication was pancreatic fistula in 2 (0.44%) of the patients. Six (27.3%) patients were admitted to the intensive care unit postoperatively, the others were nursed in the High dependency unit prior to transfer to the wards. The most common histological diagnosis was adenocarcinoma of pancreas. 
Three (13.6%) patients died in the first 30 days following surgery and the cause of mortality was multiple organ failure. The mean follow-up duration was 7.8±7.2 months.







Table 1: Clinicopathologic Parameters
Characteristics				Mean (SD)		No			%
Age (years)		                                   57.18(10.74)
Gender 
Male								                 8			36.4
Female								                14			63.6
Body mass index (BMI)		            24.3(3.5)              
Symptomatology
Abdominal pain							               12			54,5
 Jaundice								14			63.6
Weight loss								16			72.7
Others (anorexia, diabetes mellitus, incidental) 				14			63.6
Eastern Cooperative Oncology Group (ECOG)
ECOG 1							    		13			59.1
ECOG 2									9			40.9
Biochemical and Hematological 
Elevated serum Bilirubin							15			68
Elevated Liver Enzymes							22			100
CA 19-9(elevated)						              22			100
INR(elevated)								4			18.2
Radiological Investigations
Ultrasound scan								22			100
CT scan                                                  	
Yes									22			100
No 									0			0
Common bile duct 
Dilated									14			63.6
Normal									8		                 36.4			
Tumor size and Location
Head									14			63.6
Duodenum								4			18.2
Others 									4			18.2
Diagnosis 
Pancreatic tumour 								18			82.8
Periampullary(Duodenal, Cholangiocarcinoma)					4			18.2
Operative detail 
	Hard mass							12		              54.5
	Dilated CBD							14			63.6
	Distended Gall bladder						10			45.5
Mean operating time			    336(72)min
Estimated Blood Loss (EBL)	    672.7(118.25)mls
Pancreatic texture 
Firm 									NA
Soft									NA
Pancreatic duct 
Dilated									NA
Normal									NA
Duration of hospital stay/ location       17.75(18.67) days
ICU									6			27.3
HDU 									16			72.7
Octreotide 
Yes									16			72.7
No									6			27.3



Table 2: Morbidity and Mortality (n=22)

Minor Clavien-Dindo (I or II)                (n=17)                         	No			%
Prolonged wound drainage (greater than 1 week)                 		  2			9.1
Superficial surgical site infection					15		          68.2
Delayed gastric emptying						NA
Major Clavien-Dindo (III or IV)        (n = 11)
Sepsis									2			9.1
Pancreatic fistula (Grade A, B and C)				
A									1			4.5
B									2			9.1
C									0			0
Intra-abdominal collection						NA
Renal (A.K.I)								 NA
Anastomotic leak (biliary, pancreatic, bowel or gastric)        	  3		           13.6
Mortality (yes/no) Sepsis, A.K.I and multiple organ failure   	 3		           13.6






Table 3: Outcome of Pancreaticoduodenectomy (PD)
Characteristics                                                Median                 Number             Percentage
Duration of survival
PD to Disease progression/Demise
< 6 months 								3		13.6
6- 12 months								4		18.2
12-24 months								10		45.5
Greater than 24 months						5		22.7
Disease progression
Yes									12		54.5
No									10		45.5
Median duration of survival            15 months
(Surgery & Chemotherapy)                               







Discussion
Since its refinement by Allen Oldfather Whipple, PD procedure is the gold standard operation for periampullary tumors (pancreatic, duodenal, biliary and ampullary).10,19,20 This is documentation of our experience with PD over the past 6 years and demonstrated a progressive improvement in both intra and perioperative parameters, namely a gradual reduction in the duration of surgery, reduced intraoperative blood loss, and overall reduced morbidity profile leading to reduced duration of hospital stay.
Our default practice is to consider less extensive surgical approaches in benign conditions of the hepatic-pancreaticobiliary region, hence our study on this cohort with periampullary tumor focused on the outcomes of PD for malignancies alone as opposed to most series where both benign and malignant conditions are subjected to a PD.3,5,12,21 The complex nature and possibility of significant peri-operative morbidity and mortality risk with PD necessitates a strict selection criteria for our patients. The procedure must be deemed beneficial to the patient. We specifically followed up the patients to determine feasibility and outcome of this procedure in patients in a low resource country. It does appear that PD for periampullary tumors in properly selected patients in developing countries is safe given the recorded outcomes. Indeed, it is the agreed option3 when there is qualified personnel and a tertiary facility with the ability to simultaneously ascertain suitability for surgery and proficiency in offering the procedure and management of its sequelae till discharge with acceptable morbidity and mortality profile and performed with the aim of prolonging survival and improving the quality of life of the individual in our resource constrained practice. In line with best practices, the addition of standard adjuvant chemoradiotherapy to ensure an overall improved outcome profile was imbibed in the care of the patients with adjuvant chemotherapy offered in all cases but only 13 patients received chemotherapy.
Despite PD being one of the most heavily researched operations because of its clinical importance, operative complexity and frequent post operative complication rate, Africa has the highest number of unpublished countries of the world.22 The African continent accounted for 1% (87) of all PD publications (10700) between (1989-2019) a 30-year period. Of the meagre numbers, North, South, West, East and Central Africa had 56,19,5, 4 and 3 articles respectively.22 The paucity of advanced research and surgical infrastructure increases the gap between these countries and their Western/East Asian counterparts.23,24 The poor socioeconomic and health indices in much of the African continent has been implicated as reasons why there is much more focus on infectious diseases and with less priority placed on non-communicable diseases.22 
In the light of an increasing number of patients eligibility for PD, we agree with Hui Xu et al25 that a randomized trial comparing radical surgery with palliative treatment is unlikely to be undertaken and hence the use of PD must be guided by observational data with variability in target volume in mind. The concept of high-volume center and centralization achieved in the high-income countries12,26 remains at best abstract in low-income countries. Indeed, some rural / suburban populace in the high-income countries report doing approximately 5 cases per year.12 Generally agreeable to most authors is the volume classification of very low volume (1 case per year), low volume (3-5 per year), mid volume (over 15 cases per year) and high volume (over 30 cases per year).21,27,28 With this delineation in mind; our reported 3-5 per year does not compare favorably with the global North volume classification. This raises the argument that centralization of cases has more disadvantages of contributing to health inequity, as people from low socioeconomic background will be unable to access care. The fact is that two thirds of aggregate cases done in America in 2007 were in low volume centers29,30 Our belief is that concentrating cases in single centers should serve the initial aim of improving outcomes whilst improving on dexterity, expertise, experience and knowledge across a multidisciplinary training milieu. Once such strategic personnel volume is established; extension of such services should be the goal to expand access.
Nonetheless, our low volume of 3-4 cases per annum of carefully selected cases, with a 30-day mortality of 3 (0.6%) is good when compared with the quoted range of 4-6% in high volume centers26,31,32, whilst morbidity in 7 patients (31%) albeit managed successfully was slightly higher than the reported 16-26% in high volume centers.12,33 The comparable outcome in morbidity and mortality reported in the literature across board confirms that with adequate patient selection, the procedure related complications are similar between high and low volume hospitals whilst the general medical complications usually differ.12,34 Procedure specific complications are regarded mostly, but not necessarily only a function of expertise while the medical related complication is an index of available optimal supportive intensive medical care.34 Three patients died from sepsis, acute kidney injury and metabolic causes respectively.
Experienced surgery appellation by Schmidt et al31 may have played a role in our outcomes because when combined both lead surgeons had been exposed to PD surgical procedures (>50) during their career, even though they wouldn’t necessarily be deemed high volume pancreatic surgeons, as much of their experience was at high volume centers during fellowship training. We then agree with Cavich SO and Thomas DA et al, that more credence be placed on experience and proper mentorship to know when not to operate, recognizing aberrant anatomy and how to get out of trouble when complications occur perioperatively.12
The post operative in-hospital outcomes were good in 19 patients (85%) operated upon; PD appeared to offer longer survival time after diagnosis of a periampullary malignancy and more important was the improved quality of life achieved during the prolonged survival time after surgery as compared to the patients with inoperable periampullary tumor. In analyzing the periampullary carcinoma, pancreatic carcinoma 13 (58.5%), ampullary 5 (22.7%), duodenal 3 (13.6%) and one (4.5%) cholangiocarcinoma were reported. A comparison of survival in the sub types of periampullary tumors as demonstrated in other similar studies revealed3,4 that all patients with ampullary and duodenal carcinoma were alive with or without disease at commencement of data analysis whilst 75% of pancreatic carcinoma were either dead or alive with disease during the follow-up period of 60 months (median 24 months). The majority passed on between the 15th and 24th month timelines. A total of 13 (59%) patients had adjuvant chemotherapy of either platinum or taxane based regimens and 5FU in oral or parenteral form.
In our study, the age of the patients ranged from 40-73 years with the mean age being 57.1+10.7 approximates the upper range of other reported works. This may be attributed to the fact that we operated patients with malignant tumors while most published works report on surgery done in both benign and malignant circumstances.3,10,12,22 Weight loss and jaundice respectively were the two commonest symptoms recorded in our patients.12 The mean operating time of 336 +/-72minutes, blood loss 672.7+/-118.25ml and hospital stay 17.75+18.67 respectively all compared favorably with other series.3,10,12,21 Despite the limited surgical volume, which makes it under-powered to make any conclusion, we have endeavored to add to the growing body of evidence that surgical volume alone should not be used as the surrogate marker of quality/ standard for patients who qualify for a PD. This is because the incidence rate and timelines between symptomatology, hospital presentation, diagnosis and surgical intervention will always differ across geographical spread regardless of available surgical/ institutional competences. The driver of optimal case presentation does not lie within the domains of surgery alone. An immediate and sustained resolution of clinical jaundice with its stigmata of pruritus, electrolyte imbalance, clotting, metabolic and urinary symptoms was noted within a week post operatively whilst the biochemical/ hematologic resolution resolved between two and three weeks after surgery. Overall functional dependence evaluated by the ECOG score improved by two measurable points between 8-10 weeks after surgical (PD) intervention in comparison to no intervention. The extent and duration of functional independence was maintained in many of our patients who had PD and notable clinical decline coincided with the onset of disease progression.
Although our sample size was smaller than that of Carwich SO et al our 30-day mortality compared with their findings and as was found by Saree et al delayed gastric emptying (DGE) and anastomotic disruption (procedure specific) and major morbidity (sepsis and acute kidney injury) were the common complications found after PD.12,21 The occurrence of post operative pancreatic fistula (POPF) is evidently an index of prolonged duration of hospital stay as patients with either grade A or B fistula spent more time than others before discharge. Two patients went home with the drains in-situ. Pancreatic fistula was not rife in our patients, using the 2016 ISGPS consensus definition. One patient had grade A and two patients had grade B pancreatic fistula necessitating discharge on days 23 and 31 respectively. They required prolonged antibiotic, wound drainage and octreotide use. Pylorus preserving PD was done in three cases while classic PD was undertaken in 19 patients. Varied reports5 on comparing pylorus preserving vs classic PD, intraoperatively it was tumor size, and a preserved anatomy permitting the resection of the stomach close to the pyloroduodenal junction as possible with no risk of breaching macroscopic tumor margins; we found no noticeable difference in the post operative course. Although on a smaller scale, the survival pattern of our patients mirrors the findings of the subset analysis of periampullary adenocarcinoma by C Max Schmidt et al who reported 1 year survival of 63% (KM 64%) while 3 years survival was 27% (KM 35%) with pancreatic adenocarcinoma having the worst prognosis.3 Two-thirds of our patients had only adjuvant chemotherapy whilst only a quarter of their patients received adjuvant chemoradiation.3 Adjuvant chemoradiation cohorts had the highest survival rate at 1 year in multiple publications with the advantage leveling off at the second-year review and subsequent inversion at the third-year survival reviews.3 
We found CA19-9 serum tumor marker to be a reliable predictor or monitor because of its elevation or persistence after initial post-surgical drop heralded local disease recurrence or metastasis along with a deterioration in performance index. Radiology CT scan initially lags in confirming local recurrence or metastatic disease. A notable limitation of our study is the small volume reported, this is mainly due to the nature of low resource practice in sub–Saharan Africa. The findings reported thereof can be interpreted as early impressions on the subject in our geographic location. Hopefully larger surgical volumes from the same geographical location will add to the body of knowledge.
Conclusion
Our review demonstrates the promising potential of PD and the feasibility of PD in sub-Saharan Africa once adherence to surgical principles and proper patient selection is imbibed. This represents a notable advancement in the deployment of this intricate surgical technique, even within the resource constraints of sub-Saharan Africa. 

Limitation
A notable limitation of our study is the small volume, and this is mainly due to the nature of low resource practice in sub–Saharan Africa.
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