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A new marker in post-pancreatectomy fistulas; hypophosphatemia

Post-pankreatektomi fistiillerinde yeni bir belirte¢; hipofosfatemi

Ozhan Cetindag*, @ Ali Ekrem Unal

Ankara University Medicine Faculty Surgical Oncology Department, Ankara, Turkey

Abstract

Aim: Postoperative hypophosphatemia is associated with morbidity after many gastrointestinal surgeries. In this study,
we aimed to investigate the relationship between hypophosphatemia and POPF, which is one of the morbidities after
pancreatectomy.

Material and Methods: All adult patients who underwent pancreatectomy in our surgical oncology clinic from 2010
to 2020 were included in the patient data recording system to the Faculty of Medicine of Ankara University, Surgical
Oncology clinic. Exclusions were made for those under 18, without postoperative Jackson-Pratt (jp) amylase levels, and
with previous pancreatic surgery.

Results: Examination of a total of 185 patients showed that fistula occurred in 20% of cases. Statistical analysis revealed
that postoperative 2nd and 3rd-day phosphorus levels are markers for pancreatic leak.

Conclusion: Decreased phosphate values after pancreatic surgery may be an indicator for pancreatic fistula, especially
significant on the 2nd and 3rd postoperative days
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Oz

Amag: Postoperatif hipofosfatemi, bircok gastrointestinal cerrahi sonrasimorbiditeileiliskilidir. Bu calismada, hipofosfatemi
ile pankreatektomi sonrasi morbiditelerden biri olan POPF arasindaki iliskiyi arastirmayi amacladik.

Gereg ve Yontemler: 2010 ile 2020 yillari arasinda cerrahi onkoloji klinigimizde pankreatektomi uygulanan tiim yetiskin hastalar,
Ankara Universitesi Tip Fakiltesi, Cerrahi Onkoloji Klinigi hastalarin veri kayit sistemine dahil edildi. 18 yasindan kiictik hastalar,
postoperatif Jackson-Pratt (jp) amilaz seviyesi olmayan hastalar ve dnceki pankreas cerrahisi olan hastalar bu calisma disi birakildi.
Bulgular: Toplam 185 hastanin takibinde fistil gelisip gelismedigi kaydedildi ve vakalarin %20'sinde fistlil meydana geldi.
Fistll ile BMI, yas, cinsiyet, ca-19.9 seviyeleri ve ameliyat dncesi fosfor seviyeleri, pankreas cerrahisi tiirli ve ameliyat sonrasi
glinlerdeki 0-1-2-3 fosfor seviyeleri arasindaki iliski incelendi. POPF olmayan ve olan grup arasinda POPL 0 degerleri arasinda
istatistiksel olarak anlamli bir fark bulunmadi (p=0.422). POPF olmayan ve olan gruplardaki POPL 1 degerlerindeki fark
onemli degil (p=0.296). POPF olmayan ve olan gruplardaki POPL 2 degerlerindeki fark anlamli (p=0.002). POPF olmayan
ve olan grup arasinda POPL 3 degerlerindeki fark anlamliydi (p=0.001). istatistiksel analiz, ameliyat sonrasi 0. giin fosfor
seviyeleri ve ameliyat sonrasi 1. giin fosfor seviyelerinin pankreas kacaginin bir gostergesi olmadigini, ameliyat sonrasi 2.
ve 3. glin fosfor seviyelerinin ise calisma grubumuzda pankreas kacaginin belirleyicisi oldugunu gosterdi.

Sonug: Pankreas cerrahisi sonrasi azalan fosfat degerleri, pankreatik fistil icin bir gosterge olabilir. Fosfor seviyeleri,
ozellikle ameliyat sonrasi 2. ve 3. glinlerde kacak acisindan anlamli bulundu.
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Introduction

Pancreaticoduodenectomy (pd)distal pancreatectomy and
total pancreatectomy is one of the most complex procedures
in gastroenterological surgery and is often indicated for
a variety of diseases; therefore, surgical techniques are
constantly being improved(1).

The first Pancreaticoduodenectomy (PD) was operated in the
1800s. William Halsted performed the first transduodenal local
excision of the ampulla Vater tumor in 1898 (2), while in the
same year Alessandro Codivilla became the first person to
perform PD in Imola, Italy. In 1909, Walter Kausch performed
the first successful 2-stage PD in Berlin (3) Allen Whipple et al
reported the first series of PDs in 1935, and the operation has
since been known as the "Whipple" operation.(4) Mortality in
Whipple operations until the 1970s was over 25%.(5,6)

Mortality due to pancreatectomy in developed centers is
below 5%, and morbidity due to pancreatectomy is still
common and is estimated as high as 40-50%.(7,8)

The most common causes of morbidity following pancreatic
resectionincludedelayedgastricemptying, postoperative bleeding,
and postoperative pancreatic fistula (POPF) (9). Pancreatic fistula is
typically associated with significant perioperative morbidity such
as bleeding, sepsis, longer hospital stay, and increased cost and
higher perioperative mortality risk10).

POPF is a common complication of pancreatic surgery associated
with increased hospital costs and prolonged hospital stay(11).
The sequelae of POPF include sepsis, intra-abdominal abscess
formation and intra-abdominal bleeding associated with high
mortality rates(12). POPF prevalence estimates are highly
variable, frequently ranging from 10% to 20% (8,13) and up
to 30% following distal pancreatectomy(14,15. )As POPFs
pose a significant risk and cost for both patients and hospitals,
studies have focused on estimating the risk of developing
POPF. Soft pancreatic parenchyma(16-18), small pancreatic
duct(16,17), low surgeon/hospital voliime(19,20),and increased
BMI(21,22) Pancreaticojejunostomy vs. pancreaticogastrostomy
(23,24), stump closure method(25,26), internal and external
drainage(27,28), and administration of somatostatin/pasireotide
(29) are accepted risk factors for the development of POPF.

Hypophosphatemia is a common manifestation after various
surgical procedures, as well as in patients with infections,
burns, and trauma (30-32).The presence of hypophosphatemia
is associated with poor outcomes, including arrhythmia, heart
failure, longer hospital stays, and increased postoperative
complications (33). There is new evidence that following

hypophosphatemia may be associated with increased
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morbidity, including the development of POPF(34).

In this retrospective study, we aimed to investigate whether
thereisarelationship between early postoperative phosphorus
low and pancreatic fistula

Material and Methods

All adult patients who underwent pancreatectomy in our
surgical oncology clinic for any reason from 2010 to 2020 were
included from the patient data recording system of Ankara
University Faculty of Medicine, Surgical Oncology Clinic. Patients
younger than 18 years of age, patients with no postoperative
Jackson-Pratt (jp) amylase levels, and patients with previous
pancreatic surgery were excluded from the study.

Age at surgery, gender, year of surgery, type of surgery,
duration of surgery, body mass index (bmi), aloumin levels,
presence or absence of pancreatic ductaladenocarcinoma,
and phosphorus levels on postoperative day 0-1-2-3 (POPL
0-1-2-3) were included as covariates.

Those with POPF more than 3 times the upper serum limit of
drain amylase on the postoperative day were considered as
leaks. Postoperative serum phosphorus levels, demographic
characteristics and comorbidities were evaluated and
phosphorus levels of the group with fistula and the group
without fistula were compared in the preoperative and
postoperative days using univariate analysis methods. The
importance of phosphorus level as an independent variable
in the development of fistula was examined by multivariance
analysis. In this study, the variables of age, gender, bmi, type
of surgery and preoperative albumin levels were taken. Mann-
whitney-u test was used to compare continuous variables that
did not show normal distribution. The repeatanova test was
performed to test whether there was a difference between the
phosphorus levels on the day of surgery, day 1, day 2 and day
3 without considering the pancreatic fistula status, and it was
examined with bonferroni, one of the multiple comparisons
tests, to find the different one or ones. Unadjusted analyzes
were performed with Pearson's chi-square tests, Fisher's exact
test, and anova for categorical dependent variables.

Results

A total of 185 adult patients were included in the study. Of
these patients, 93 (50.2%) were male and 92 (48.8%) were
female. Of the patients who underwent pancreatectomy,
130 (70.3%) underwent proximal pancreaticoduodenectomy
(Whipple pancreaticoduodenectomy), 52 (28.1%) underwent
distal pancreatectomy, and 3 (1.6%)
pancreatectomy. All operations were performed as open
surgery. The mean BMI of the patients was 25.9 (SD 0.24).), the

underwent total
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mean age was 57.1 (SD 1.02). 68.6% of the patients were under
65 years of age, 31.4% were 65 years or older.

The pathological diagnosis of the majority of the patients was

adenocarcinoma (78.4%). Whipple procedure was performed
in 70% of the patients, distalpancreatectomy in 28.1% and
total pancreatectomy in 1.6% ( table 1).

It was noted whether fistula developed or not in the follow-up
of a total of 185 patients who underwent pancreatic surgery.
Accordingly, fistula occurred in 20% of the cases.The relation
between fistula development and BMI, age, gender, CA-
19.9 levels, preoperative phosphor levels, type of pancreatic
surgery, pancreatic specimen pathology, phosphorus levels
on postoperative days 0-1-2-3 was looked at.

The difference in POPL 0 values in the group with and without
POPF was not significant (p=0.422). The difference in POPL 1 values
in the groups with and without POPF was not significant (p=0.296).

The difference in POPL 2 values in the groups with and without
POPF was significant (p= 0.002). The difference in POPL 3
values in the group with and without POPF was significant
(p=0.001). Statistical analysis showed that postoperative Day 0
phosphorus levels and postoperative Day 1 phosphorus levels
were not a marker for pancratic leak, whereas phosphorus
levels on post operative Days 2 and 3 are markers in our study
group for pancreatic leak (figire 1).
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After determining that the level of POPL values is an
independent and important variable, the cut-off value
was determined in the ROC analysis and its sensitivity and
specificity were determined in the prediction of whether there
would be fistula or not.

The area under the curve (AUC) relative to the ROC curve
was 0.789, p<0.001. When the cutoff value was taken as 1.6
for POPL values, the sensitivity was determined as 88.4%
and the specificity as 62.2%. If the p value is above 1.6 on the
postoperative Day 3, there will be no leakage with a prediction
of 88%. in the opposite case (p value < 1.6), the estimated
leakage is 62.2% (figure 2).
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It showed that 1 unit decrease in phosphorus level on the
postoperative day 3 also increased the probability of pancreatic
leak by 3.1. Considering gender, 2.6 times more pancreatic leak

was observed in male gender in our study. (P=0.029)

The
(categorical) was not significant (p=0.154)

relationship between pancreatic fistula and age

No relationship was found between pancreaticfistulaand age. (P
=0.615) BMI was associated with pancratic fistula and increased
BMI was found to be associated with pancreatic leak.(.p=0.001).
As the BMI rate increases, the risk of fistula development also
increases. There was no relationship between pancreatic fistula

development and preoperative ca-19.9 levels (.p=0.564)

The relationship between pancreatic fistula and operation was
not significant (p=0.078). The relationship between pancreatic
fistula and pathology result was not significant.(p=1.00)

After pancreatic surgery, 15 of 185 patients died in the first
week due to surgery and complications.

POPF was present in 6 of these 15 patients, and there was no
significant relationship between POPF and these deaths (p=0.083).
The median life expectancy was 33 months in those without
POPF, and 29 months in those with POPF. There was no

significant difference in survival probability between those with
and without POPF (p=0.286) (log-rank test)(figure -3) Table 2.
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Dicussion

This retrospective study showed that early postoperative
low phosphorus levels are a risk factor and marker reliably
associated with POPF. POPL 2 and POPL 3 serum phosphate
levels were significantly lower in patients who developed
POPF. The reason why we did not include POPL 4 and POPL5
in the study was that low phosphorus levels were usually
replaced on the 4th and 5th days. In addition, while male
gender and increased BMI were found to be associated with
pancreatic fistula in our study, it was

found that age, CA-19.9 levels, type of pancreatic surgery
performed and pancreatic specimen pathology were not
associated with pancreatic fistula.

By calculating the POPF formation rate, sensitivities, and
specificities at different serum phosphate thresholds in POPL
3, we were able to determine a serum phosphate threshold
lower than 1.6 as predictive for the 62% fistula risk.

In previous studies, many causes of pancreatic fistula such
as age, gender, BMI, pancreatic parenchymal stiffness, type
of surgery performed, pancreatic duct width, pancreatic
pathology were investigated(12,25,26). In fact, the aim of this
study was to investigate whether phosphorus levels could be
a marker rather than causing pancreatic leak.

Therearefew studies suggesting that hypophosphatemiafollowing
pancreatectomy can predict leakage-related complications, and
our findings are consistent with existing studies(34).

It has been known for years that hypophosphatemia is
common in hospital populations and seen in burn and trauma
patients, but recently, there are rare studies showing that it
may be associated with organ-related complications after
gastric, colorectal and pancreatic surgery(35). Eransadot
et al. described a consistent hypophosphatemia pattern
in a large number of patients following three different

553



VAEN

TJCL Volume 14 Number 3 p: 550-556

gastrointestinal operations. In addition, low phosphate levels
were associated with an increased risk of organ-specific
complications, independent of other established risk factors.
They stated that early postoperative hypophosphatemia
may predict early identification of patients at risk of organ-
specific complications(35). Although there are very few
studies on hypophosphatemia and pancreatic surgery, there
are many studies on the relationship between liver surgery
and hyposphataemia. This is because hypophosphatemia is a
common phenomenon following hepatic resection(36. While
hypophosphatemia is associated with poor outcomes after
pancreatic surgery, hypophosphatemia after hepatectomy is
associated with good results. Initially it was only predicted to
be a result of reduction along the growth of the liver. Although
it has been proven that the active incorporation of phosphate
into the liver reaches its maximum level in the immediate
first 72 hours after hepatectomy (37), this cannot clarify the
mechanism of hypophosphatemia.

In a study mentioned in the literature, there was a significant
increase in phosphate excretion in the urinary system after
hepatectomy. They hypothesized that it was caused by an
unidentified phosphaturic protein resulting in postoperative
renal phosphate loss (38). This opinion is confirmed by urinary
phosphate increases emerging within the first few hours
postoeratively. In addition, an experimental animal study
in the literature revealed a phosphaturic protein associated
with urinary phosphate loss after hepatectomy(39).In
fact, in the light of the above literature; Any factor causing
hypophosphatemia; The lack of decrease in serum phosphate
levels in the early postoperative period suggests that it is
associated with a much more significant risk of mortality or
non-fatal postoperative liver dysfunction after hepatectomy.
In a study by Zheng et al., which was also recently declared in
the literature, "serum nicotinamidephosphoribosyl-transferase
(NAMPT)" as the main cornerstone; It is understood that they
defined it as a phosphaturic touchstone that plays a leading
role in phosphatauria and related hypophosphatemia in the
period after hepatectomy or pancreatectomy(40). Thus it
appears that the mechanism of hypophosphatemia following
both procedures may actually be similar, despite opposing
prognostic implications. In addition, low serum phosphate
levels plays an important role in onset sepsis and infection,
as different proinflammatory cytokines are correlated with
hypophosphatemia(41). On the other hand; Even if the
hypophosphatemia pathway that occurs after partial liver or
pancreas resection has gained more and more attention and
studies have increased (40), unfortunately, the relationship
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between POPF and hypophosphatemia is still not clear. Because
the relationship between POPF and hypophosphatemia is
not clearly known, the therapeutic results of phosphorus
replacement remain unclear. Large sample and prospective
studies are needed to reveal this relationship.

The limitations of our study were the retrospective nature of
our study, insufficient records related to pancreatic parenchyma
and ductal structure in our data, and the number of our patients
and therefore the number of POPF patients was not high.

In summary, in our study, by calculating the POPF formation
rate, sensitivities and specificities at different serum phosphate
threshold values in POPL 3, we were able to determine a
serum phosphate threshold value less than 1.6 as an estimator
for the 62% fistula risk. Hypophosphatemia can be interpreted
as a marker with good sensitivity but poor specificity.
Evaluating the severity and timing of hypophosphatemia after
pancreatectomy provides an opportunity for early detection
of possible fistula-related complications.

Conclusion

Decreased phosphate values after pancreatic surgery may be a
warning for pancreatic fistula. Phosphorus levels were found to
be significant in our study in terms of leakage, especially on the
2nd and 3rd postoperative days. In larger patient groups and with
meta-analyses, it is possible that phosphorus level will enter the
literature widely as a leak indicator, with possible positive results.

Evaluating the severity and timing of hypophosphatemia after
pancreatectomy provides an opportunity for early detection
of possible fistula-related complications. Future studies should
prospectively examine the relationship between phosphorus
levels and pancreatic fistula and investigate the effect on
leakage rates and decrease in morbidity and mortality due to
leakage after early or prophylactic phosphorus replacement,
and the physiopathological relationship between phosphorus
level and POPF should be examined.
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