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Introduction

Pancreatic lesions often require precise surgical resection 
that is associated with technical difficulty and major 
morbidity. Pancreatectomy techniques used for low-
grade lesions localized in pancreas neck include central 
pancreatectomy (CP) and subtotal pancreatectomy (SP). 
CP involves the removal of the proximal body/neck of 
the pancreas and requires reconstruction of the left side 
of the pancreas into the GI tract. In comparison, SP is a 
near total pancreatectomy that involves the neck, body and 
tail of the pancreas and leaves only the head and uncinate 

process intact. CP leaves more intact parenchyma and may 
be associated with less endocrine and exocrine insufficiency 
than extended resection techniques such as SP. On the 
contrary, CP does tend to have a high complication rate 
with postoperative pancreatic fistula (POPF) arising from 
the GI reconstruction (1,2). 

While there is literature comparing the outcomes and 
efficacy of CP and distal pancreatectomy, there is none 
directly comparing CP and SP. We sought to understand 
the surgical and medical complications of CP and SP. In 
this study, the short-term complications and long-term 
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endocrine and exocrine insufficiencies of SP and CP are 
assessed and compared. We present the following article in 
accordance with the STROBE reporting checklist (available 
at https://jovs.amegroups.com/article/view/10.21037/jovs-
21-16/rc). 

Methods

A retrospective review was undertaken for patients 
undergoing pancreatic resection from October 2010 
to April 2019 in Mayo Clinic, Florida. The study was 
conducted in accordance with the Declaration of Helsinki (as 
revised in 2013). The study was approved by institutional 
review board (IRB#21-005622) and individual consent for 
this retrospective analysis was waived.

The patients who underwent CP were matched by sex, 
BMI, age, and underlying pathology to 10 patients in whom 
SP was performed in the same time frame. Variable data 
was obtained by our comprehensive electronic medical 
record that included all visits to not only the surgical 
teams - patients were routinely screened for endocrine and 
exocrine dysfunction preoperatively and postoperatively. 
Additionally, review of consultations with gastroenterology, 
endocrinology, and primary care providers was performed. 
No missing data was identified.

Indications for pancreatectomy included lesions (cystic and 
solid) and benign strictures localized at the neck or proximal 
body of the pancreas. Appropriateness for CP and SP was 
determined by imaging modalities and diagnostic endoscopic 
procedures (computed tomography, magnetic resonance 
imaging, endoscopic ultrasound, and endoscopic retrograde 
cholangiopancreatography). Decisions for surgical resection 
were performed in a multidisciplinary fashion.

Patient information such as demographics, operative 
variables, postoperative outcomes, and long-term outcomes 
of endocrine and exocrine insufficiency were assessed. 
Postoperative complications were scored to include those 
within 90 days of surgery including POPF, postoperative 
pancreatic hemorrhage (PPH), delayed gastric emptying 
(DGE), and morbidity as assessed by the Clavien scale. 
Major morbidity was defined as those patients with grade III 
or higher complications. POPF (3), PPH (4), and DGE (5) 
were scored according to the current standard international 
consensus definitions. Long-term endocrine and exocrine 
insufficiency are defined as occurrence greater than  
6 months post-operation. Endocrine insufficiency is assessed 
through diabetes mellitus (DM) status pre-op and post-
op and subsequent diabetic status conversion. Pre-diabetic 

(diet-controlled) patients were considered diabetic for the 
purpose of this study. Use of pancreas enzyme replacement 
therapy (PERT) and incidence of steatorrhea was used to 
assess exocrine insufficiency. 

Statistical analysis

Continuous variables are reported as mean (SD) and 
categorical variables are presented as number (percentage). 
Standard statistical analysis was performed. Significance is 
noted at P<0.05. 

Surgical technique

All surgeons were fellowship trained in hepatopancreatobiliary 
surgery at an institution with high-volume of pancreatic 
surgeries, and in previous studies have demonstrated low 
POPF rates as a practice (6,7). For SP, all operations were 
performed using the clockwise technique as described 
previously (8). Briefly, a four-trocar technique with wide 
exposure of the pancreas through the lesser sac was used. 
The superior mesenteric vein was identified, and a tunnel 
was made under the neck of the pancreas. The common 
hepatic artery was dissected away from the superior edge 
of the pancreas and a Penrose drain was used to elevate the 
pancreas from the mesenteric vessels. Then, the pancreas 
was transected in a slow stepwise compression technique 
with a linear stapler using staple line reinforcement just to 
the left of the gastroduodenal artery. Finally, the splenic 
artery and splenic vein were dissected out and individually 
ligated using a linear stapler. The pancreas and spleen were 
then dissected away from the retroperitoneum and placed 
into a retrieval bag and removed.  

For CP, eight operations were performed by laparoscopic 
technique and two operations were performed open. 
Similar to SP, once the lesion in the neck of the pancreas 
was identified, a Penrose drain was placed, and the neck 
of the pancreas was elevated and a linear stapler with 
staple line reinforcement was used to transect the pancreas 
just to the left of the gastroduodenal artery. A partial 
pancreatectomy of the neck (and possible proximal body) 
to include the lesion was then performed. The specimen 
was then removed, and frozen section analysis was used to 
ensure complete margin negative removal and confirm the 
absence of aggressive neoplasm. Reconstruction was then 
performed by implanting the left sided remnant pancreas 
into the posterior gastric wall for seven patients, and by the 
creation of a Roux-en-Y jejunal limb with a two-layer duct 
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to mucosa anastomosis in three patients. Surgical drains 
were left in place for all patients. 

Results

A total of 809 patients underwent pancreatectomy at 
Mayo Clinic, Florida in this time period and of these,  
10 patients (1.2%) underwent CP. Both CP and SP resulted 
in definitive treatment of the underlying pathology. Table 1 
includes the demographics of the groups. Overall, they were 
well matched although the patients undergoing CP had a 
non-significantly higher BMI than those undergoing SP. 
There were no missing variable data entries.

Table 2 gives operative variables for the groups. There 
was no significant difference in estimated blood loss nor 
in mean length of stay between CP and SP. There is a 
significant difference between CP and SP in average 
operative time (CP =312 vs. SP =206, P=0.0170).

Indicat ions for resection in al l  20 consecutive 
pancreatectomies included pancreatic neuroendocrine 
tumors, pancreatic cystic diseases, and other benign 
subtypes (Table 3). Pancreatic cystic diseases included 
includes intraductal papillary mucinous neoplasm 
(IPMN), mucinous cystic neoplasm (MCN), and solid 
pseudopapillary neoplasm (SPN). Benign subtypes include 
benign strictures and acute pancreatitis. 60% of CP patients 

Table 1 Demographic data of 20 patients undergoing CP and SP

Variable CP (n=10) SP (n=10) P value

Male 3 (30%) 4 (40%) 1.00

Mean age years* 54.1 (24.9–74.4) 57.8 (38.3–74.7) 0.5127

Body mass index* 32.5 (44.3–21.7) 27.3 (17.0–32.0) 0.0686

Comorbidities

Hypertension 5 (50%) 4 (40%) 1.00

NAFLD 2 (20%) 0 0.4737

Diabetes mellitus (DM) 3 (30%) 1 (10%) 0.5820

Pre-DM* 2 (20%) 0

DM with oral med 0 1 (10%)

Insulin dependent DM 1 (10%) 0

High cholesterol/triglycerides 4 (40%) 3 (30%) 1.00

Cardiac disease 0 0

Pulmonary disease 3 (30%) 1 (10%) 0.5820

Significant history of alcohol use 3 (30%) 2 (20%) 1.00

Tobacco use 3 (30%) 4 (40%) 1.00

ECOG score

0 9 (90%) 9 (90%) 1.000

1 1 (10%) 0 1.00

2 0 1 (10%) 1.00

ASA

1 0 0 1.000

2 3 (30%) 5 (50%) 0.6499

3 7 (70%) 5 (50%) 0.6499

CP, central pancreatectomy; SP, subtotal pancreatectomy; NAFLD, Non-alcoholic fatty liver disease; *, pre-DM refers to diet-controlled 
diabetes; ECOG, Eastern Cooperative Oncology Group; ASA, American Society of Anesthesia. 
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Table 2 Operative data of 20 patients undergoing CP and SP

Variable CP (n=10) SP (n=10) P value

Operative time, min* 312 (217 to 499) 206 (116 to 452) 0.0170

Estimated blood loss, mL* 52 (15 to 100) 138 (0 to 600) 0.1409

Length of stay, days * 8 (4 to 29) 4.4 (2 to 9) 0.1397

CP, central pancreatectomy; SP, subtotal pancreatectomy; *, values are means. 

Table 3 Pathological indications for resection of 20 patients undergoing CP and SP

Variable CP (n=10) SP (n=10) P value

Pancreatic neuroendocrine tumor 6 3 0.3698

Pancreatic cystic disease 3 6 0.3698

Other benign subtype 1 1 1.00

CP, central pancreatectomy; SP, subtotal pancreatectomy.

Table 4 Postoperative (90 days) complications of 20 patients undergoing CP and SP

Variable CP (n=10) SP (n=10) P value

Pulmonary complication 0 1 (10%) 1.00

Pancreatic fistula 8 (80%) 0 0.0007

A 4 (40%) 0

B 4 (40%) 0

C 0 0

Post-pancreatectomy hemorrhage 4(40%) 1 (10%) 0.3034

A 0 1 (10%)

B 4 (40%) 0

C 0 0

Delayed gastric emptying 2 (20%) 0 0.4737

A 1 (10%) 0 0

B 1 (10%) 0 0

C 0 0 0

Overall Morbidity (Clavien grade I–V) 9 (90%) 4 (40%) 0.0573

Morbidity minor (Clavien grade I & II) 4 (40%) 4 (40%) 1.00

Morbidity major (Clavien grade III & IV) 5 (50%) 0 0.0325

CP, central pancreatectomy; SP, subtotal pancreatectomy.

had neuroendocrine tumors whereas 60% of SP patients 
had pancreatic cystic disease. 

Postoperative (90 days) complications are found in 
Table 4. CP had a significantly higher POPF rate (80% vs. 
0%) and major morbidity rate (50% vs. 0%) than patients 

undergoing SP. There were no mortalities in either group 
and all patients were still alive at the time of the study.

As seen in Table 5, there were no significant difference 
between incidence of DM among SP and CP patients. 
However, SP was noted to induce a higher proportion of 
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conversion to DM after surgery than CP (4 vs. 2 patients, 
P=0.6285). One patient was a diet-controlled diabetic 
prior to CP but became a non-diabetic post operation with 
follow-up at 7 months and confirmed with a HbA1c level 
of 5.7. Additionally, there were no significant difference in 
incidence of steatorrhea nor use of PERT enzymes between 
SP and CP patients postoperatively. One patient who 
underwent SP was on PERT prior to surgery. 

In long term follow up, BMI was noted to slightly 
increase for patients undergoing CP while slightly decrease 
for those undergoing SP and become significantly different 
(26.9 vs. 33.3, P=0.0418) in long term follow up (Table 6). 

Discussion 

The aim of this study is to assess the short-term complications 
and long-term post-operative endocrine and exocrine 
insufficiencies of CP and SP. Our data shows that there is a 
significantly higher rate of POPF (80% vs. 0%, P=0.007) and 
higher rate of major morbidity (50% vs. 0%, P=0.0325) in 
CP patients. The data does not, however, show any apparent 
advantage with either operation concerning long-term 
endocrine and exocrine insufficiencies. There is no significant 

difference between diabetic conversions (CP =20%, SP =40%, 
P=0.6285) nor in acquired exocrine insufficiency. 

A meta-analysis evaluating 1305 patients undergoing 
CP revealed a higher morbidity and POPF but with lower 
rates of endocrine and exocrine that those undergoing 
DP. The study did not evaluate SP outcomes, however (9). 
There is significant variability in determining the safety 
and effectiveness of CP and SP in previous literature, 
specifically in the rates of POPF. Variation in POPF after 
CP ranges widely from 0% to 63% (2,9-12). Studies 
have noted occurrence of POPF in SP patients ranging 
from 14% to 20.6% (13,14). Studies show considerable 
differences in diabetic conversation rates ranging from 4% 
to 14% in CP and 14% to 35% in SP (2,9,10,14). Rates of 
new-onset and worsening DM have been shown to have 
significant differences in CP and SP (CP =14%, SP =46%, 
P=0.003) (10). Our institution has a relatively low morbidity 
and incidence of POPF after left pancreatectomy compared 
to other centers (8), however, the POPF of CP was noted 
to be high in this study and is being further reviewed with 
expected technical improvements to follow.

The range of differences between rates of CP and SP 
diabetic conversions may be due to a multitude of factors 

Table 5 Pre-operative and long-term (greater than 6 months post-op) endocrine and exocrine insufficiency outcomes of 20 patients undergoing 
CP and SP

Variable
Pre-op Post-op 

CP (n=10) SP (n=10) P value CP (n=10) SP (n=10) P value

Endocrine insufficiency

DM 3 (30%) 1 (10%) 0.5280 4 (40%) 5 (50%) 1.00

Pre-DM 2 (20%) 0 0 0

DM with oral med 1 (10%) 1 (10%) 2 (20%) 0

Insulin dependent DM 1 (10%) 0 2 (20%) 5 (50%)

Exocrine insufficiency

Steatorrhea 0 0 1.00 1 (10%) 0 1.00

Use of PERT 0 1 (10%) 1.00 0 2 (20%) 0.4737

CP, central pancreatectomy; SP, subtotal pancreatectomy; DM, diabetes mellitus; PERT, pancreas enzyme replacement therapy.

Table 6 Comparison of average follow-up time post-op and current BMI of 20 patients undergoing CP and SP

Variable CP (n=10) SP (n=10) P value

Follow-up, months* 95.2 (3.5–259.4) 64.2 (2.9–154.1) 0.3032

Current BMI* 33.3 (21.7–45.0) 26.9 (17.3–31.7) 0.0418

BMI, Body Mass Index; CP, central pancreatectomy; SP, subtotal pancreatectomy; *, values are mean. 
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including remnant parenchyma volume and pancreatic 
adaptiveness. Studies estimate that no more than 20% 
to 25% of pancreas parenchyma is needed to establish 
sufficient glucose homeostasis for proper pancreatic 
function (15). New onset pancreatogenic diabetes has been 
shown to occur when more than 90% of the pancreas is 
resected (16). Pancreatic beta cells and islet cells are heavily 
concentrated in the body and tail of the pancreas which are 
resected in SP (14). This may explain the trends towards 
the observation of increased endocrine insufficiency in SP 
and distal pancreatectomy as compared to CP. However, 
it is important to note that islet cells gain functional 
adaptation following resection of the pancreas (15). 
Studies demonstrate adaptive increases in beta cell mass in 
response to diabetic adults (17). A study focused on glucose 
metabolism after SP for adenocarcinoma showed improved 
postoperative glucose tolerance and glucose metabolic 
capacity in all patients (18). 

Postoperative BMI proved to be significantly higher in 
CP patients than in SP (CP =33.27, SP =26.89, P=0.0418). 
DiNorcia et al. showed no difference in post-operative 
exocrine function as a function of gastrointestinal function, 
weight loss, and use of PERT between CP and distal 
pancreatectomy (10). Body weight has been observed to 
be significantly lower post-op in distal pancreatectomy 
patients compared to CP (2). The severing of nerve plexuses 
during pancreatectomy is not specific to CP nor SP and is 
ultimately consigned to the anatomy of the patient and the 
experience of the surgeon. This resection near the central 
neural ganglia of the celiac and superior mesenteric artery 
makes it important to compare CP to a SP with resection 
at the neck, rather than to distal pancreatectomy with no 
dissection near the central region. Exocrine insufficiency 
can be treated by the use of PERT which has been observed 
to reduce the extent of steatorrhea and abdominal pain 
post-pancreatectomy (19). 

Consideration for CP should be to those patients 
who are obese and young with and have a higher risk of 
developing DM in the future. CP is best served by younger, 
fitter patients due to its significantly higher morbidity 
and incidence of complication. Older patients who may 
not be able to tolerate the increased short-term morbidity 
are best served by SP. A study showed no differences in 
mortality post SP between elderly patients (>70) and 
young patients, citing SP as a safe procedure unhindered 
by age (20). BMI can be taken into consideration as a 
predictive factor of predicting new-onset DM. Hirata et al. 
found BMI ≥25 to be an independent risk factor of new-

onset DM in those undergoing distal pancreatectomy or 
pancreaticoduodenectomy (21). Hwang et al. examined 
subtotal pancreatectomies and found an association between 
BMI >23 and impaired glucose tolerance postoperatively (14). 

Due to the nature of this retrospective single institution 
study, several limitations were observed. First, patients were 
not able to be randomly assigned. While patient matching 
was used to counteract the absence of randomization, this 
proved to be difficult due to the relative rarity of CP and 
SP also affecting generalizability. Distal pancreatectomy 
was much more common, but we felt that this was not an 
adequate comparative procedure to CP. It is also difficult 
to properly assess long-term endocrine and exocrine 
insufficiency without follow-up protocol. Our study would 
have benefitted from a standard follow-up protocol, allowing 
for continuous review of critical data such as HbA1c levels, 
body weight, PERT use, and incidence of steatorrhea to 
better monitor changes in long-term endocrine/exocrine 
insufficiency. The small sample size of this study is a 
variable which should be taken into consideration when 
assessing long-term endocrine differences in SP and CP. 
Though the difference in diabetic conversions between SP 
and CP in our study is not significant, the trend towards 
increased rate of the development of diabetes must be 
taken into consideration. Overall, the small sample size 
of this study may have led to a type 2 statistical error. 
Further multi-institutional studies with much larger patient 
numbers must be undertaken in order to fully elucidate the 
short- and long-term comparison of CP versus SP. 

CP and SP are considerable options to remove low-
grade localized tumors of the neck of the pancreas. CP is 
associated with higher morbidity than SP but may have 
slight long-term advantages. CP can be considered for 
younger obese patients prone to developing DM in the 
future. SP should be considered for aggressive tumors in 
which risk of malignancy and lymph node disease may 
compromise the effectiveness of the limited resection in CP. 
Older patients who may not be able to sustain the onset of 
short-term complication such as POPF and hemorrhage 
may be better served by SP. 
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