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Background: The causes of acute pancreatitis are well known, and although enzymatic injury is the main factor in its development, pancreatic
ischemia due to profound hypoperfusion in cardiogenic or hypovolemic shock patients can be an important etiological factor. The aim of our study
was to analyse the histological alterations of the pancreas in patients dying after shock, to study the presence and severity of pancreatic injury.
Material and methods: We studied the morphological alteration of the pancreas, in patients who died after cardiogenic or hypovolemic
shock, hospitalized in intensive care units in the County Emergency Hospital Tirgu Mures, between 2007-2009.

Results: We examined the structure of the pancreas of 117 patients, 20 showed acute hemorrhagic pancreatic necrosis on autopsy. None
of the patients showed typical clinical and laboratory signs for acute pancreatitis. The common findings in these patients were prolonged and
severe hypotension, leucocytosis, hyperglycemia and hypocalcemia.

Conclusions: Pancreatitis can occur in patients with shock, due to ischemic injury of the pancreas. It is difficult to diagnose it because clinical
signs are altered by the severity of the underlying disease or by analgo-sedation commonly used in intensive care units. We therefore recom-
mend to consider the possible development of acute pancreatitis in patients with shock, in patients with prolonged hypotension, leucocytosis,

hypocalcemia, even in the absence of characteristic clinical symptoms and hyperamylasemia.
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Introduction
The pancreas with it's microvascular structure is highly vul-
nerable to ischemic injury. Warshaw and O’Hara observed
the alteration of pancreas structure in patients dying after
hypovolemic shock [1]. Other authors [2] described the
presence of pancreatic injuries in patients who had experi-
enced severe and prolonged hypotension. In experimental
studies Reilly et al. demonstrated the role of renin-angoten-
sin in selective pancreatic vasoconstriction in cardiogenic
shock, leading to pancreatic ischemia [3]. These data sug-
gest that circulatory shock, due to severe splanchnic hypop-
erfusion could be an important cause of acute pancreatitis.
The aim of our study was to examine the presence and
severity of pancreatic injury in patients who died after car-
diogenic and hypovolemic shock. We also analyse the cor-
relation between the severity of pancreatic lesions and the
clinical and paraclinical signs, the need for vasoconstric-
tor agents, in order to determine some parameters which
could predict the development of acute pancreatitis in pa-
tients with shock.

Material and methods

We rewieved the autopsy cases of patients who died after
cardiogenic or hypovolemic shock, who were admitted to
the intensive care unit of the County Emergency Hospi-
tal Tirgu Mures, between 2007-2009, and we studied the
morphological and histological alterations of the pancreas.
The pieces collected were stained with hematoxylin-eosin.
In patients with pancreatic injury we reviewed the hospital
records to assess the clinical signs and laboratory findings.

Results
In the studied interval there were 117 cases autopsied after
cardiogenic or hypovolemic shock. In 20 cases we found

acute hemorrhagic pancreatic necrosis on autopsy. On his-
tological studies we observed necrosis of the pancreas and
peripancreatic tissue (figures 1 and 2).

The mean age of patients with acute pancreatitis was
59.64+16.7 years (ranging from 1.7 to 78 years), 9 were
female and 11 male. Fourteen patients had cardiogenic
shock after acute myocardial infarction (4), pericardial
tamponade (1) or open heart surgery (9), and 6 died af-
ter hemorrhagic shock caused by upper gastro-intestinal
bleeding (4) and ruptured aortic aneurysm (2).

None of the patients were diagnosed with acute pan-
creatitis during life, due to the absence of characteristic
symptoms. The digestive complaints were diffuse ab-
dominal pain, signs of mild ileus and in some cases upper
gastro-intestinal bleeding, caused by erosive gastritis (de-
monstrated and treated by gastroscopy) (Table I). Some
patients complained of nausea and vomiting, but most of
them had nasogastric tube with continuous suction, which
could relieve these symptoms.

Eight patients had fever above 38°C. Other clinical
signs were connected to shock, postoperative state or other
organ dysfunctions, which developed during the admission
period. Sixteen patients had associated acute kidney injury
with oliguria and elevated serum urea and creatinine, 7 pa-
tients presented clinical, laboratory and radiological signs

Table I.
creatitis

Gastrointestinal symptomes in patients with acute pan-

Gastrointestinal symptoms Nr. of patients

Diffuse abdominal pain 8
Upper abdominal bleeding (erosive gastritis on gastroscopy) 8
lleus 7
Nausea, vomiting 6




Table Il. Laboratory findings in patients with acute pancreatitis

Laboratory findings No. of Mean values Range
patients

Serum amylase (U/L) 10 152+29.9 123-216
Glycemia (mg/dL) 20 241+ 54.36 151-321
Nr. leucocytes (/mm3) 20 16,463+ 3278  11,300-23,450
lonized calcium (mg/dL) 18 0.98+0.13 0.8-1.2
LDH (Ul 17 1121+820 325-3250
CK (Ul 17 389.5+370 95-1221
GOT (Ul 13 312+263.8 56-712
GPT (Ul) 13 516.2+315.4 78-1126

of acute respiratory distress syndrome (ARDS), 7 deve-
loped bronchopneumonia and in 3 patients disseminated
intravascular coagulopathy was noted. Neurological dys-
function could not be evaluated in all patients, because 10
were on continuous perfusion with analgo-sedatives, the
others received intermittent boluses.

Laboratory findings were not conclusive (Table II). Most
of the patients had hyperglycemia, hypocalcemia and leuco-
cytosis. Serum amylase was ordered only in a few patients be-
cause the of the absence of clinical signs suggestive for acute
pancreatitis, and showed only a mild elevation. Transami-
nase level (GOT, GPT), lactate dehydrogenase (LDH) and
creatinine kinase (CK) were elevated in almost all patients.

In 4 patients hemodynamic stabilization was achieved
with volume resuscitation, 2 patients could be stabilized
with a combination of inotropics (dobutamine, dopa-
mine), 14 patients received high doses of inotropics associ-
ated with epinephrine, in vasoconstrictor doses, in 6 cases
norepinephrine had to be associated.

Discussions

Acute pancreatitis is difficult to diagnose in patients with
shock, due to their severe clinical condition, the analgesia/
analgo-sedation needed for pain relief and to tolerate me-
chanical ventilation, and the daily interruption of sedation
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wasn’t long enough to allow the reccurence of pain. Moreo-
ver, the morphine used to relieve pain, could potentially
worsen the pancreatic injury because it causes spasm of
the sphincter of Oddi [4]. The unspecific abdominal pain
and the other gastro-intestinal symptoms can occur after
surgery, anesthetics, enteral feeding, and in the absence of
reliable biochemical markers, acute pancreatitis could not
be suspected.

Signs of systhemic inflammatory syndrome were pre-
sent in 8 patients, but they are common after a major
surgical intervention and in shock, due to activation of
inflammatory mediators in response to tissue hypoxia or
mechanical injury [5,6,7].

In acute pancreatitis serum amylase rises within 6-12
hours after the onset of injury and is rapidly cleared from
the blood [8], so if it is measured later in the course of the
pancreatitis, it could be normal, even in the presence of
acute pancreatitis. The sensitivity and specificity of serum
amylase for detecting acute pancreatitis is low, because it
can be elevated in trauma cases, in renal failure or intestinal
diseases [8]. In patients with shock, due to the increased
level of lactic acid, hyperamylasemia can be caused by the
elevation of salivary isoamylase [9].

In acute pancreatitis leucocytosis, hyperglycemia and
hypocalcemia are usually present and they have prognos-
tic values [10]. Leucocytosis indicates a severe inflamma-
tion in response to tissue necrosis. Hypocalcemia is due
to Ca “soap” formation, secondary to excessive free fatty
acids generation by pancreatic lipase [11]. These laboratory
findings were present in all of our patients who developed
necrotising pancreatitis. Hirano et al. demonstrated that in
acute pancreatitis there is an impaired hepatic metabolism,
related to increased hepatic lysosomal and mitochondrial
fragility caused by proteases derived from the pancreas
[12], so elevation of serum transaminases could reflect liver
dysfunction caused directly by acute pancreatitis, but also
by hepatic ischemia from shock.

Fig. 1.
in the pancreas of a 46 year old patient with aortic dissection (HE,
ob. 4x)

Focal pancreatic necrosis and areas of hemorrhage seen

Fig. 2. Inflammatory infiltrates rich in neutrophils around pancre-
atic steatonecrosis, after correction of congenital heart disease in
a 1.7 year old girl (HE, ob. 4x)
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Abdominal ultrasound could confirm the diagnosis of
acute pancreatitis, but in most of our patients the examina-
tion was difhicult because of bowel gas, that obscured ultra-
sonographic images. CT-scan is one of the most important
tests to diagnose acute pancreatitis and its complications,
but our patients couldn’t be transported to CT-scan due to
their bad condition.

In our study, acute pancreatitis was associated with
multiple organ dysfunction (MODS), which can develop
after prolonged and severe organ hypoperfusion, and pan-
creatic injury can be one of its consequences, but MODS
can be due to activation of inflammatory response caused
by pancreatic cell injury [13].

In all patients severe hypotension due to blood loss or
low cardiac output syndrome was common, which could
lead to severe splanchnic hypoperfusion and pancreas is-
chemia. The pancreas is highly susceptible to ischemic in-
jury. This had been demonstrated in experimental studies
[14,15] and in clinical settings after hemorrhagic shock
[16], in cardiac surgery [17,18], and pancreas transplanta-
tion [19]. The use of vasoconstrictor agents to maintain
blood pressure can alter the already existent ischemic pan-
creatic injury [20].

Ischemic injury to the pancreas was observed in pa-
tients after open heart surgery. During cardiopulmonary
bypass splanchnic hypoperfusion can lead to pancreas
ischemia [20]. Other autors suggested that the systemic
inflammatory response activated by cardiopulmonary by-
pass has the ability to induce endothelial dysfunction, in-
creasing vasomotor tone in the splanchnic territory, caus-
ing pancreatic ischemia [21]. Aortic dissection can cause
ischemic injury when the emergence of mesenterial vessels
is involved or can lead to severe hypoperfusion in case of
rupture of the aortic wall into the pericardial, pleural or
retroperitoneal space.

Conclusions

Acute pancreatitis can develop in patients with shock, due
to hypoperfusion and inflammatory mediator activation.
Once present, may alter the prognosis of these patients. It
is difficult to recognise it, because clinical and paraclinical
findings are often altered by the underlying disease or be-
cause of analgo-sedation commonly used in intensive care.
We found that the most constant signs in our patients were
prolonged hypotension, leucocytosis, hyperglycemia and
hypocalcemia, and severe pancreas necrosis was present
even in the absence of hyperamylasemia.

Early recognition and intervention in acute pancreatitis
is essential for improving outcome, therefore we recom-
mend to consider the possible development of pancreatitis
in patients with shock, for promt and efficient treatment.

Acknowledgement

This paper is partially supported by the Sectoral Op-
erational Programme Human Resources Development,
financed from the European Social Fund and by the
Romanian Government under the contract number

POSDRU/89/1.5/5/60782.

References

1. Warshaw AL, O’ Hara PJ — Susceptibility of the pancreas to ischemic
injury in shock. Ann Surg 1978, 188: 197-201.

2. Sakorafas GH, Tsiotos GG, Sarr MG - Ischemia/reperfusion induced
pancreatitis. Dig Surg 2000, 17: 3-14.

3. Reilly PM, Toung TJ, Miyachi M, et al. - Hemodynamics of pancreatic
ischemia in cardiogenic shock in pigs. Gastroenterology 1997, 113: 938-
945.

4. Munoz A, Katerndahl DA — Problem-oriented diagnosis. Diagnosis and
management of acute pancreatitis. Am Fam Physician 2000, 62: 164-174.

5. Galicier C, Richet H — A prospective study of postoperative fever in a
general surgery department. Infect Control 1985, 6(12): 487-490.

6. Iglesias J, Sathiraju S, Marik PE — Severe Systemic Inflammatory Response
Syndrome With Shock and ARDS Resulting From Still’s Disease. Clinical
Response With High-Dose Pulse Methylprednisolone Therapy. Chest
1999, 115 (6): 1738-1740.

7. Dada LA, Chandel NS, Ridge KM, et al. — Hypoxia-induced endocytosis
of Na, K-ATP-ase in alveolar epithelial cells is mediated by mitochondrial
reactive oxygen species and PKC. Clin Invest 2003, 111: 1057-1064.

8. Wan S, Arifi AA, Chan CSY, et al. — Is Hyperamylasemia After Cardiac
Surgery Due to Cardiopulmonary Bypass? Asian CardiovascThorac Ann
2002, 10: 115-118.

9. Pieper-Bigelow C, Strocchi A, Levitt MD — Where does serum amylase
come from and where does it go? Gastroenterol Clin North Am 1990, 19:
793-810.

10. Lankisch PG, Blum T, Bruns A, et al. — Has blood glucose level measured
on admission to hospital in a patient with acute pancreatitis any prognostic
value? Pancreatology 2001, 1: 224-229.

11.Weir GC, Lesser PB, Drop LJ, et al. — The hypocalcemia of acute
pancreatitis. Ann Intern Med 1975, 83(2): 185-189.

12.Hirano T, Manabe T, Tobe T — Impaired hepatic energy metabolism in rat
acute pancreatitis: Protective effects of prostaglandin E2 and synthetic
protease inhibitor ONO 3307. Journal of Surgical Research 1992, 53:
238-244.

13.Bhatia M, Wong FL, Cao Y, et al. — Pathophysiology of acute pancreatitis.
Pancreatology 2005, 5(2-3):132-144.

14.Redha F, Uhischmid G, Amman RW, Freiburghaus AU - Injection
of microspheres into pancreatic arteries causes acute hemorrhagic
pancreatitis in the rat: a new animal model. Pancreas 1990, 5:188-193.

15.Sokolowski A, Spormannn H, Urbahn H, Letko G — Contribution of
pancreatic edema and short-term ischemia to experimental acute
pancreatitis in the rat. Z Exp Chir Transplantat Kunstl Organe 1986, 6:
331-339.

16.Hackert T, Hartwig W, Fritz S, et al. — Ischemic acute pancreatitis: clinical
features of 11 patients and review of the literature. The American Journal
of Surgery 2009, 197(4): 450-454.

17.Fernandez-del Castillo C, Harringer W, Warshaw AL, et al. — Risk factors
for pancreatic cellular injury after cardiopulmonary bypass. N Engl J Med
1991, 325: 382-387.

18.Tsiotos GG, Mullany CJ, Zietlow S, van Heerden JA - Abdominal
complications following cardiac surgery. Am J Surg 1994, 167: 553-557.

19.Fernadez-Cruz L, Sabater L, Gilbert R, et al. — Native and graft pancreatitis
following combined pancreas-renal transplantation. Br J Surg 1993, 80:
1429-1432.

20.Khan JH, Lambert AM, Habib JH, et al. - Abdominal complications after
heart surgery. Ann Thorac Surg 2006, 82: 1796-1801.

21.Geissler HJ, Fischer UM, Grunert S, et al. — Incidence and outcome of
gastrointestinal complications after cardiopulmonary bypass. Interact
CardioVasc Thorac Surgery 2006, 5: 239-242.



