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Abstract

BACKGROUND

Many authorities advocate for Whipple’s procedures to be performed in high-
volume centers, but many patients in poor developing nations cannot access these
centers. We sought to determine whether clinical outcomes were acceptable when

Whipple’s procedures were performed in a low-volume, resource-poor setting in
the West Indies.

AIM
To study outcomes of Whipple’s procedures in a pancreatic unit in the West
Indies over an eight-year period from June 1, 2013 to June 30, 2021.

METHODS
This was a retrospective study of all patients undergoing Whipple’s procedures in

a pancreatic unit in the West Indies over an eight-year period from June 1, 2013 to
June 30, 2021.

RESULTS

This center performed an average of 11.25 procedures per annum. There were 72
patients in the final study population at a mean age of 60.2 years, with 52.7%
having American Society of Anesthesiologists scores > III and 54.1% with Eastern
Cooperative Oncology Group scores = 2. Open Whipple’s procedures were
performed in 70 patients and laparoscopic assisted procedures in 2. Portal vein
resection/reconstruction was performed in 19 (26.4%) patients. In patients
undergoing open procedures there was 367 + 54.1 min mean operating time, 1394
* 656.8 mL mean blood loss, 5.24 +7.22 d mean intensive care unit stay and 15.1 +
9.53 d hospitalization. Six (8.3%) patients experienced minor morbidity, 10 (14%)
major morbidity and there were 4 (5.5%) deaths.
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CONCLUSION

This paper adds to the growing body of evidence that volume alone should not be used as a
marker of quality for patients requiring Whipple’s procedures. Low volume centers in resource
poor nations can achieve good short-term outcomes. This is largely due to the process of
continuous, adaptive learning by the entire hospital.
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Core Tip: Although conventional recommendations suggest that Whipple’s procedures should only be
performed in high-volume centers, this is not practical in many nations. This paper adds to the growing
body of evidence that volume alone should not be used as a marker of quality for patients requiring
Whipple’s procedures. Low volume centers in resource poor nations can achieve good short-term
outcomes. This is largely due to the process of continuous, adaptive learning by the entire hospital.
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INTRODUCTION

Whipple’s procedure is a major operation designed to treat malignant peri-ampullary lesions[1,2]. Many
Whipple’s procedures tend to be concentrated in high-volume hospitals, usually found in high income
nations|[3,4,5].

Pancreatic surgeons in the West Indies work in limited-resource environments and perform small
numbers of resections annually[5]. There are no centers that qualify as high-volume centers in this
setting. Traditional teaching suggests that this scenario is not ideal. In this paper, we examine outcomes
of Whipple’s procedures at a low volume/resource environment in a West Indian nation.

MATERIALS AND METHODS

The country of Trinidad and Tobago is comprised of two small islands with a cumulative population of
1.35 million persons. A pancreatic surgery unit was established in the main referral hospital in 2013.
This unit was led by a single fellowship-trained pancreatic surgeon, one dedicated senior resident and
two junior residents. We received permission from the institutional review board to collect and examine
data from all consecutive patients who underwent Whipple’s procedures in this setting over an eight-
year period from June 1, 2013 to June 30, 2021.

We identified patients by reviewing the hospital records and operating room log books. The hospital
records for all patients who underwent Whipple’s operations were retrieved for detailed review. The
data extracted included diagnoses, performance scores, estimated operative blood loss, duration of
operation (from incision to closure), therapeutic outcomes, post-operative morbidity and mortality.
Complications were classified according to the modified Clavien-Dindo system[6]. Pancreatic leak was
categorized according to the International Study Group on Pancreatic Fistula criteria. Cardiopulmonary
complications included myocardial infarction, arrhythmia, congestive heart failure, pneumonia,
pulmonary embolus, and respiratory failure. Statistical analyses were performed using SPSS ver 16.0.

RESULTS

There were 90 patients with operable peri-ampullary neoplasms who had Whipple’s procedures
attempted (mean annual case volume of 11.25). The detailed paper-based hospital record could not be
retrieved in 14 cases. A search of the intensive care unit (ICU) and hospital registers indicated that these
14 patients were discharged from hospital alive, but they were excluded from the final analysis since
their clinical details were not available. We also excluded 4 patients who were deemed irresectable at
the time of operation and had palliative bypasses. The final study population included 72 patients who
underwent Whipple’s procedures.
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There were 32 men and 40 women at a median age of 61 years (range 46-77; mean 60.2; SD * 9.28).
There were 62 (86%) patients with > 1 comorbid condition, 38 (52.7%) with American Society of
Anesthesiologists (ASA) scores > II and 39 (54.1%) with performance scores > 1 (Tables 1 and 2).
Pancreatic ductal adenocarcinoma was the commonest pathology, as outlined in Figure 1.

The operation was anticipated to be technically difficult in 26 (36.1%) persons due to: vein
involvement requiring resection and reconstruction (19 patients), prior open surgery for abdominal
sepsis (5 patients) and planned laparoscopic approach (2 patients).

Operative details

Four patients had palliative bypasses as they were deemed irresectable at the time of operation due to:
invasion of common hepatic artery (1 patient), metastatic disease (2 patients) and portal vein
encasement (1 patient). Data on these patients were excluded from further analysis.

In 70 cases, the operation was planned via the open approach using a modified Makuuchi incision,
aided by an Omnitract® retractor (Integra Life Sciences, Princeton, NJ). This was our preferred incision
as it afforded us good access to the pancreatico-duodenal complex in the retro-peritoneum.

Two patients underwent laparoscopic-assisted Whipple’s procedures. In these cases, kocherization of
the duodenum, dissection of the pancreatic neck tunnel, dissection of the gallbladder and structures in
the hepatoduodenal ligament, transection of the stomach and full mobilization of the duodenum were
completed laparoscopically. A 7 cm midline incision was used to create a pancreatico-gastrostomy,
hepatico-jejunostomy and for specimen removal. Both of these patients had ampullary lesions and none
required vein resection or reconstruction.

Clinical outcomes

The median operating time for open Whipple’s procedures was 350 min (range 260-485; SD * 54.1; mean
367). The median blood loss was 1.2 L (range 0.6-4.0; SD + 0.7; mean 1.4) and 2 packed red cell units was
the median transfusion rate (range 0-5; SD * 1.4; mean 1.88).

Nineteen (26.4%) patients underwent planned vein resections and reconstruction. Reconstruction was
performed with primary anastomoses in 13 cases, vein patches in 4 cases and interposition grafts in 2
cases.

In the patients with technically difficult operations, the duration of operation was 374 + 57.34 minutes
(mean * standard deviation), estimated blood loss was 1494 £ 815 mL (mean * standard deviation) and 2
1 1.6 packed red cell units (mean * standard deviation) were transfused per patient.

We insisted on a policy of mandatory admission to intensive care (ICU) after Whipple’s resection
since institutional limitations prevented the expected level of supportive care to be delivered in other
areas. Our patients stayed in the ICU for 3 + 7.22 d (mean * standard deviation), with 29 (40.3%)
needing extended stay > 72 h for ventilator and/or inotropic support. The median hospital stay for all
patients was 12 £ 9.6 d (mean + standard deviation).

Morbidity/mortality analysis

There were no complications in 56 patients within this series. Patients without complications remained
in ICU for 3.5 £ 1.5 (mean + standard deviation) d and remained hospitalized for 14 + 7.9 (mean *
standard deviation) d. Patients who experienced a complication remained in ICU for 9.8 £ 11.3 (mean *
standard deviation) d and remained hospitalized for 15.3 + 8.4 (mean * standard deviation) d.

There were 16 (22.2%) patients with overall morbidity - 6 (8.3%) minor and 10 (14.0%) major (Table 3).
There were 4 (5.5%) in-patient deaths: (1) A man at 53 years of age with pancreatic head adenocar-
cinoma who developed massive bleeding from a pseudoaneurysm that could not be controlled at re-
operation; (2) A 59-year-old man who did not receive pre-operative stenting and had frank pus in the
biliary system at operation. He developed bacteremia and septic shock; (3) A 48-year-old man who
developed a leak from the jejuno-jejunal anastomosis, leading to intra-abdominal sepsis and multiple
organ failure; and (4) A 70-year-old man with no prior cardiac history who succumbed to a massive
myocardial infarction on day 5 post-operation.

In an attempt to analyze the outcomes chronologically, we tabulated the case volume by year
(Table 4). The case volume remained relatively stable with time, although there was a notable reduction
in the case volume for the last period (June 2020 to June 2020) due to effects of the coronavirus disease
2019 pandemic. We also analyzed complications and mortality chronologically as outlined in Figure 2.
Although minor morbidity reduced over time, there was no statistically significant change in outcomes
over time.

We also analyzed clinical outcomes according to patient risk as stratified by their performance scores
and ASA scores (Table 5). Although there were trends toward greater morbidity and mortality in high-
risk patients, none of these parameters attained statistical significance.
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Table 1 American society of anesthesiologists scores for patients undergoing Whipple’s procedures in a low volume caribbean centre

Score American Society of Anesthesiologists Descriptor No (%)
I Completely healthy 10 (13.9)
I Mild systemic disease 24 (33.3)
III Severe systemic disease that is not incapacitating 30 (41.7)
1Y% Incapacitating disease that is a threat to life 8 (11.1)

A% Moribund and not expected to survive > 24 h 0

Table 2 Performance scores for patients undergoing Whipple’s procedures in a low volume caribbean centre

Grade Eastern Cooperative Oncology Group performance status No (%)
0 Fully active, able to carry out all activities without restriction 13 (18.1)
1 Restricted in physically strenuous activity, but ambulatory and able to carry out light work 20 (27.8)
2 Ambulatory and capable of self care, but unable to carry out work activities. Up and about > 50% of waking hours 34 (47.2)
B Capable of limited self care and confined to bed or chair for more than 50% of waking hours 4 (5.6)

4 Completely disabled and cannot carry on self care. Confined to bed or chair 1(1.4)

5 Dead 0

Table 3 Complications after Whipple’s procedures in a low volume caribbean centre

Morbidity Description No %
Overall Number of patients with any complication 16 222
Minor Clavien-Dindo I or I 6 83
Pneumonia 2
Deep vein thrombosis 1
Delayed gastric emptying 1
Gastrointestinal bleeding 2
Major Clavien-Dindo III or IV 10 139
Anastomotic dehiscence 1
Massive upper gastrointestinal bleeding 1
Myocardial infarction 3
Pseudoaneurysm 2
Biliary sepsis as a source of septicemia 2
Post-operative pancreatic fistula/intra-abdominal collection 1
Mortality ~ 30-d mortality: All causes: (1) Massive bleeding from a pseudoaneurysm; (2) Generalized sepsis secondary to cholangitis; (3) 4 56

Jejuno-jejunal anastomotic leak leading to multiple organ failure; and (4) Myocardial infarction

DISCUSSION

Although it is a high-risk operation, Whipple’s procedure is the only existing treatment with the
potential to cure peri-ampullary malignancies[7,8]. Early series in the late 1960s reported 60% post-
operative morbidity and mortality rates approaching 25%[9-11], but with better surgical equipment and
supportive care, the safety profile has improved. Modern reports document 30-d mortality rates
between 4%-6%[7,8,12-14].

Much of the recent progress in surgical treatment has been aimed at minimizing peri-operative
morbidity with a multidisciplinary approach to care[l,2], advanced cross-sectional imaging[1,15],
specialized surgical equipment[5], appropriate support services[16,17], full-time intensive care,
interventional radiology and gastroenterology services[1,14-17] and quaternary surgical training. In our
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Table 4 Chronologic analysis of clinical outcomes after Whipple’s procedures in a low volume caribbean centre

Year Case volume Minor morbidity Major morbidity Mortality
2013-2014 9 0 1 1
2014-2015 10 1 2 0
2015-2016 1 1 3 0
2016-2017 8 1 1 1
2017-2018 10 1 2 1
2018-2019 8 0 0 0
2019-2020 1 1 1 1
2020-2021 5 1 0 0

Total 72 6 (8.3%) 10 (13.9) 4(5.6%)

Table 5 Clinical outcomes stratified according to patient risk

American Society of Anesthesiologists scores

Parameter
Overall morbidity

Overall mortality

ASA LI (34) ASA IV (38) P
7 (20.6%) 9 (23.7%) 0.7843
2 (5.9%) 2 (5.3%) 1.000

Eastern Cooperative Oncology Group performance status

Parameter
Overall morbidity

Overall mortality

ECOG 0-2 (67) ECOG 3-4 (5) P
14 (20.9%) 2 (40%) 0307
3 (4.5%) 1 (20%) 0.255

ASA: American Society of Anesthesiologists; ECOG: Eastern Cooperative Oncology Group.

JBaishideng®

center, we have been able to achieve many of these goals.

Another change was the centralization concept, that was popularized in the early 21*century[3,4,11-
13]. Published data showed reductions in morbidity[1,2,18], cost[19], mortality[1,2,18,10,20-22] and
hospitalization[1,18] in high-volume hospitals. However, the high-volume definition remained elusive.
Some have designated centers performing as few as 3 Whipple’s procedures per annum as high-volume
centers[12,14,19], while others reserve this designation for facilities performing > 30 per annum[18,23,
24]. Most researchers quote numbers > 18 Whipple’s procedures per annum as high volume[2,7,11,18,22-
26]. Using this definition, our facility did not qualify as high-volume. Although our center has
documented the largest volume of Whipple’s procedures per annum in the region[5], we still only
performed an average 11.25 cases per annum.

Centralization remains controversial. Even in developed countries, most Whipple’s procedures are
still performed in low-volume centers[7,20,27]. In Texas, Riall ef al[27] reported that > 25% of Whipple's
procedures were performed in hospitals doing < 5 cases per annum and 35% were done in hospitals
performing < 10 cases per annum. Similarly, McPhee et al[22] reported that 61% of Whipple’s
procedures across the United States in the year 2007 were done outside of high-volume centers.
Furthermore, it has been documented that centralization contributes to health care inequity, with
significantly fewer females[27], non-caucasians[18,27-31], persons from low socio-economic brackets
[32], persons from low-income zip codes and persons without private health insurers[18,27-30] being
able to access care in these centers. We do not believe that the traditional centralization concept is
practical for the West Indies due to travel restrictions, low health insurance rates, financial limitations
and absent social support pathways.

Despite the fact that these surgeons performed small numbers of operations in a setting with scarce
blood products, limited operating time and restricted intensive care support, short-term outcomes were
still reasonable. The 30-d mortality in high-volume centers ranged widely, but most high-volume
centers maintained 30-d mortality rates between 4%-6%[2-4,7,11-14,18,22,26,27]. At 5.5%, our 30-d
mortality compared favorably. Similarly, our major morbidity rates compared favorably with high-
volume centers reporting figures that ranged from 16%[33] to 26%[1]. Several authors have advocated
documentation of procedure-related complications that include pancreatic fistula, delayed gastric
emptying, intra-abdominal sepsis and intra-abdominal haemorrhage[34]. In our series the incidence of
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Figure 1 Histologic diagnoses of patients undergoing Whipple’s procedure.
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Figure 2 Chronologic analysis of clinical outcomes.

these procedure-specific complications was acceptable (1.4%, 1.4%, 2.8% and 2.8% of cases respectively).

It has been demonstrated in the medical literature that procedure-related complications are similar
between low- and high-volume hospitals, but there is a significant difference in medical complications
such as aspirations, pneumonia, pulmonary failure, renal failure and septicemia[33,34]. This reinforces
the thinking that, while surgical expertise is necessary, it alone is not sufficient to guarantee good post-
operative outcomes[2,33,34]. Medical complications occurred in 8.3% of our cases, suggesting that there
may still be room for us to optimize support care/medical services.
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Schmidt et al[2] introduced the concept of the “experienced surgeon” as being distinct from a “high-
volume surgeon.” They defined the “experienced surgeon” as one who performed > 50 Whipple’s
procedures in their career, regardless of the interval[2]. They also made the point that experienced
surgeons may not be high volume surgeons (which was time dependent) and demonstrated that
experienced surgeons with low annual volumes had equivalent outcomes to high-volume surgeons|[2].
The pancreatic surgeon in this setting was experienced, having performed =100 Whipple’s procedures.
We believe that this contributed to the outcomes reported in this paper, and gives support to Schmidt’s
concept of the experienced surgeon.

In their paper, Schmidt et al[2] counted the number of procedures in which a vein resection was
performed as a surrogate marker of technical complexity and surgeon experience. In our series, 26.4% of
patients had portal vein resection and reconstruction. It should be noted, however, that while these
were experienced surgeons, they would have accrued much of their experience in high volume centers
in developed countries during fellowship training. These facilities operate under different circum-
stances. Upon repatriation to the West Indies, these surgeons would have to adapt to challenging, new
working environments. These surgeons adapted their practices to the new environment, focusing on
peri-operative management and inter-disciplinary cooperation that evolved with time and were
hospital-specific. This interaction and continuous institutional learning are difficult to measure and
would evolve specific to each surgeon’s health care environment. Several authors have alluded to the
concept of continuous, adaptive learning by the institution[1,2,7,18,35-37]. This is not limited to the
surgeons alone, but includes pre-operative evaluation, multidisciplinary team interaction, intra-
operative anaesthesia care, surgeon training, post-operative care pathways, post-procedure nursing
care, ICU care, availability of emergency medical doctors and experienced subspeciality supportive care
[1,2,7,18,35-37].

We agree that Whipple’s procedure is a complex operation that depends heavily on surgeon
experience. At the same time, we believe that there is more to experience than technical facility. For
example, the experienced surgeon would know how to resect and reconstruct the portal vein when
required to achieve negative margins[2], when not to operate on patients[2], to recognize aberrant
anatomy[2], how to get out of trouble when complications occur intra-operatively[7]. These can only be
learned with experience and proper mentorship[2].

Recently, there has been focus on learning curves as a part of the concept of surgeon volume and
surgeon experience. Tseng et al[38] suggested that after 60 Whipple’s procedures, surgeons improved on
peri-operative outcomes such as blood loss, operation time, hospital stay and margin status. However,
the most senior author in our paper performed over 300 Whipple’s and felt that he was still improving
well beyond 200 cases, although the steepest part of the curve was the first 50. Similarly, the first author
who performed all Whipple’s procedures in this series felt that he continued to improve during this
series. It seems reasonable to conclude that the learning curve lies somewhere between 50 and 70 cases.

We believe that multiple factors contributed to the outcomes in our setting: (1) Population-based data
[5]; (2) Training of unit staff; (3) Developing an intimate knowledge of the hospital; (4) Fostering
teamwork; (5) Diligent administration of care; and (6) Regular audits. We also advocate two experienced
surgeons operating to maximize experience. Also, if one surgeon is more experienced it speeds up the
learning curve for the second surgeon. The key is overall team experience because, in addition to
reducing intraoperative complications, effectively managing post-operative complications is important.

LIMITATIONS

It is tempting to think that the outcomes reported here may be biased due to case selection. However,
we do not believe that this was the case in our setting because this was a government funded hospital
and we were required to provide care for all patients who presented to this unit. In addition, many of
our patients were physiologically challenging, with 52.7% having ASA scores 2 III and 54.1% with
ECOG scores = 2.

The retrospective study design did limit our ability to collect detailed clinical information, such as
accurate blood loss, adherence to post-care pathways and, as previously noted, we were unable to locate
paper-based records for 14 patients who underwent Whipple’s procedures.

CONCLUSION

This paper adds to the growing body of evidence that volume alone should not be used as a marker of
quality for patients requiring Whipple’s procedures. Low volume centers in resource poor nations can
achieve good short-term outcomes. This is largely due to the process of continuous, adaptive learning
by the entire hospital and includes: Population-based data, good teamwork, effective staff training,
regular audit and due diligence in care administration.
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ARTICLE HIGHLIGHTS

Research background
Whipple's operations are high-risk operations that should be done in high-volume centers for optimal
outcomes. This is supported by data from several high-volume hospitals.

Research motivation

High-volume centers are usually in developed nations. There are no high-volume centers in the West
Indies. In this setting, pancreatic surgeons have to perform Whipple's operations in resource-poor, low-
volume settings. This scenario is not ideal, but it is the reality on the ground.

Research objectives

We sought to document the clinical outcomes when Whipple's operations were performed in resource-
poor, low-volume centers in the West Indies. If the outcomes are poor, this would be impetus not to
perform these operations in this setting or to develop service centralization with high-volume centers.

Research methods

A retrospective audit of all Whipple's operation performed at a referral center over an eight-year period
was performed. Data collected from hospital records included: diagnoses, performance scores,
estimated operative blood loss, duration of operation, therapeutic outcomes, post-operative morbidity
and mortality. Statistical analyses were performed using SPSS version 16.0.

Research results

This facility performed 11.25 Whipples procedures per annum. There were 72 patients in the final study
population at a mean age of 60.2 years. Open Whipple’s procedures were performed in 70 patients and
laparoscopic assisted procedures in 2. Portal vein resection/reconstruction was performed in 19 (26.4%)
patients. In patients undergoing open procedures there was 367 + 54.1 min mean operating time, 1394 +
656.8 mL mean blood loss, 5.24 + 7.22 d mean intensive care unit stay and 15.1 + 9.53 d hospitalization.
Six (8.3%) patients experienced minor morbidity, 10 (14%) major morbidity and there were 4 (5.5%)
deaths.

Research conclusions

Low volume centers in resource poor nations can achieve good short-term outcomes once they pay
attention to continuous, adaptive learning. Volume alone should not be used as a marker of quality for
patients requiring Whipple’s procedures.

Research perspectives
The direction of future research is to identify specific hospital-based pathways and/or team-focused
processes that improve clinical outcomes in low-volume facilities.
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