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Neonatal maladjustment syndrome  

Neonatal maladjustment syndrome (NMS) has a number of other names including 
Hypoxic ischemic syndrome (HIS), Neonatal Encephalopathy (NE), “Dummy foal 
syndrome” and “barker foal syndrome”. For the purpose of this discussion we will refer to 
it as neonatal maladjustment syndrome (NMS) but any of the above may be used in other 
literature. 

The exact cause of NMS is unknown and that is likely because there are multiple potential 
causes which can result in different “flavors” i.e. clinical presentations and degrees of 
severity. In general, most people believe that foals with NMS likely had a hypoxic event 
at some point either during late gestation (such as mares with placentitis) or during birth 
(a malposition or dystocia), however some foals do not seem to have any recognizable 
hypoxic events that occurred. The most common organ systems affected in foals with 
NMS include the central nervous system, gastrointestinal tract and kidneys. It is important 
to note that some foals initially appear normal at birth and develop clinical signs of NMS 
within the first 1-2 days of life. The different causes of NMS likely contribute to the wide 
variety of treatments and prognoses available – different causes respond better or worse 
to different treatments. This makes determining a good  

Central Nervous System (CNS) Manifestations: The names neonatal encephalopathy 
(NE) and dummy foal syndrome originate from the often-notable CNS manifestations in 
foals with NMS. If the insult was mild, the clinical signs are typically transient and resolve 
over the course of a few days with supportive care, but some foals have a continued 
decline in mentation and ultimately succumb or are euthanized due to severe obtundation 
or uncontrollable seizures. The majority of foals with CNS manifestations do have 
resolution of clinical signs with supportive care. Evidence of CNS manifestations can 
range from mild (quiet mentation and a little delayed in meeting milestones, particularly 
nursing) to moderate (unable to find the udder to nurse, suckling on things other than the 
udder or unable to suckle) to severe (seizures). Foals that are unable to nurse 
appropriately are at risk for failure of passive transfer and sepsis, thus immunoglobulin 
management needs to be considered, and a source of nutrition (enteral feeding tube in 
the intestinal tract works or total or partial parenteral nutrition) needs to be secured until 
the foal can learn to nurse or drink milk from a bucket. Although tempting, bottle feeding 
of foals is not recommended – foals in general do a poor job of protecting their airway 
when bottle fed, putting them at risk for aspiration pneumonia. Additionally, foals with 
NMS do not always have normal laryngeal/pharyngeal function which puts them at an 
even higher risk for aspiration pneumonia. Nursing turns out to be a very neurologically 
complex skill (lots of tongue, pharyngeal etc. coordination) and although most foals will 
figure it out with several days of supportive care, some do not but can be trained to drink 



milk from a bucket. Seizures can be managed with several different medications including 
phenobarbital, diazepam and ketamine.  

Gastrointestinal Manifestations: If you recall, the intestinal tract is one of the first organs 
to take a hit during periods of hypoxemia. This is in part because other organs (i.e. brain, 
heart) get first priority for blood or blood pressure and in part because the delicate mucosa 
is more susceptible to hypoxic injury. Gastrointestinal manifestations can present in one 
of a couple ways. First, some foals will have ileus which typically manifests clinically as 
hypomotile small intestine which can lead to colic signs after nursing due to accumulation 
of fluid within the small intestine which backs up into the stomach and eventually results 
in gastric distention (and pain). Transcutaneous ultrasonographic evaluation typically 
reveals hypomotile or distended segments of small intestine and passage of a nasogastric 
tube yields net (greater than 250 ml) gastric reflux. These foals are challenging because 
until their small intestinal motility resolves they cannot take much of anything by mouth 
and thus need to have their fluid and nutritional needs met intravenously. In addition to 
ileus if the integrity of the mucosa was compromised this can lead to malabsorption, 
diarrhea, translocation of bacteria and temporary lactose intolerance (turns out that’s a 
problem with you consume a milk-based diet!). Why lactose intolerance? Fun fact – 
lactase enzymes are located on villus tips. Thus, when the villus tips are affected (which 
is the first thing to go during periods of ischemia) an animal is temporarily lactose 
intolerant until new villus tips can grow (which typically takes a few days). Animals 
suspected to have a compromised intestinal barrier should be placed on antimicrobials 
as prophylaxis for sepsis, some degree of intestinal rest may be warranted and if the foal 
is consuming or being fed milk supplemental lactase can be administered (i.e. over the 
counter lactaid ® tablets).  

Renal Manifestations: Alterations in renal function can occur for several reasons. First, 
similar to the intestinal tract, the kidneys are not deemed high priority in times of 
hypoperfusion. Thus, like the GI tract they may suffer from a higher degree of ischemic 
injury due to shunting of blood away from the organ in preference for more important 
organs (brain, heart). However, there is a price for that and this may result in some degree 
of acute kidney injury (AKI). This AKI can be further exacerbated by periods of 
hypotension/hypoperfusion if the foal is also septic and the concurrent use of nephrotoxic 
medications (non-steroidal anti-inflammatory drugs/NSAIDs and aminoglycosides being 
most common). Additionally, with severe cases of NMS some foals are suspected to 
suffer from a “vasomotor nephropathy” which is a fancy way of saying that the kidneys 
have not adjusted to extra-uterine life and are unable to regulate blood flow and urine 
production appropriately. These animals are typically anuric. Renal manifestations can 
present as mild (isosthenuria), moderate (azotemia) or severe (oliguria or anuria). Most 
foals are mildly or moderately affected and renal function improves with judicious fluid 
therapy and careful use of nephrotoxic medications. Foals with true anuria generally have 
a poor prognosis and need intensive care (furosemide CRI, dialysis) and should be 
referred for further evaluation and treatment.  



Treatment: Much of treatment for NMS is supportive and prophylactic in nature – these 
foals are at risk for FPT and sepsis and are at increased risk for needing plasma 
transfusion(s) and/or antimicrobial therapy, their nutrition and fluid status needs to be 
carefully monitored (may not be nursing adequately, may have ileus, may have diarrhea) 
and supplemented as needed. The Madigan squeeze is a technique that was developed 
by Dr. Madigan with the intent of “re-birthing” the foal and stimulating 
production/suppression of various neurohormones that may be imbalanced in foals with 
NMS and is likely most effective in mildly affected foals without comorbidities (sepsis etc.). 
A number of “anti-inflammatory” or “anti-free radical” treatments are often employed in 
these foals including use of an NSAID, oral vitamin E, MgSO4 and DMSO. Foals that 
continue to decline or fail to improve after 72 hours of therapy and/or acquire additional 
comorbidities also have a decline in prognosis.  

Sepsis  

Neonatal foals are at high risk for sepsis for several reasons. First, foals may be at risk 
for sepsis before the foal is even born if the mare has placentitis (basically these foals are 
living in a sewer before they are even born). Second, even if they have a perfect placental 
life, foals are born aglobulinemic. So, until they acquire adequate passive transfer of 
immunity (ie immunoglobulins) via colostrum they are susceptible to micro-organisms 
without much more than their innate immune system to help them out. Foals have several 
“portals” of infection which include the umbilicus, respiratory tract and the gastrointestinal 
tract. Remember those enterocytes that are bringing immunoglobulins across the 
intestinal barrier via pinocytosis? Well, unfortunately they do not just shuttle 
immunoglobulins – they can also shuttle other macromolecules including bacteria, 
particularly if the process is not saturated by immunoglobulins. Third, if the foal 
experiences hypoxemia during birth one of the first organs to be adversely effected is the 
gastrointestinal (GI) tract – in terms of acute needs, the body triages the GI tract pretty 
low – but later, ischemic damage to the GI tract results in increased intestinal permeability 
leading to increased translocation of bacteria. It is really a wonder that any foal’s make it 
out of the neonatal period when you think about it!  

Clinical Signs of Sepsis:  

Clinical signs of sepsis vary greatly depending on when sepsis is recognized in the course 
of disease. Our goal is to recognize it or foals at risk for it as soon as possible – in humans, 
if you are septic and receive antimicrobials within 4 hours of admit to the emergency 
department you are significantly more likely to survive. Similar studies have not been 
performed in foals, but I think it’s safe to say that earlier intervention is far better than later 
intervention.  

In the early stages of sepsis foals may be lethargic, decrease in nursing frequency and 
spend more time laying down. Rectal temperatures can vary and foals with sepsis can be 
either hyper or hypothermic. Early in the course of disease the foal may have a normal 
heart rate but later the foal can become either tachy- or bradycardic. Mucus membranes 



often become injected (bright red) with a rapid or prolonged capillary refill time and may 
develop petechia. Coronary bands may become hyperemic and sclera injected. 
Generalized sepsis may result in localized sepsis including septic arthritis, uveitis, 
meningitis, osteomyelitis, umbilical infections and pneumonia. Hypotension secondary to 
sepsis may result in ischemic damage to the intestinal tract resulting in diarrhea – and the 
cycle continues.  

Hematological Evaluation and Sepsis 

Foals that are hypoglycemic should be treated for sepsis until proven otherwise. White 
blood cell alterations consistent with the early stages of sepsis include a leukopenia 
characterized by a neutropenia with toxic changes and a degenerative left shift. Later, 
foals may develop a leukocytosis, neutrophilia and hyperfibrinogenemia. If the foal has 
an elevated fibrinogen at birth this is evidence that the in utero life was less than ideal 
and likely the mare had placentisis – remember, it takes several days for fibrinogen to 
increase – so if the fibrinogen is elevated at birth, that tells you something has been going 
on before the foal was born.  

Several sepsis scores have been developed with varying degrees of sensitivity and 
specificity. However, the goal of most sepsis scores is to increase the sensitivity – i.e. 
ability to identify early sepsis – because in this instance there are likely fewer risks with 
“over treating” than “under treating”.  In general, foals with physical exam findings 
suggestive of sepsis, CBC alterations consistent with sepsis and/or hypoglycemia should 
be presumed septic until proven otherwise.  

Treatment 

Ideally, blood cultures are obtained prior to initiation of antimicrobial therapy, so that they 
can help guide changes in antimicrobials in the future. However, foals suspected to be 
septic should be started on broad spectrum antimicrobial therapy immediately. Initially, 
parenteral administration is preferred as absorption from the intestinal tract may not be 
ideal in sick neonates. Intramuscular administration can be utilized, however if the foal is 
hypoperfused (dehydrated, poor blood pressure) then absorption may also not be ideal, 
thus whenever possible beginning with intravenous administration is ideal.  

Unfortunately, owning to their higher percent body water and typically higher metabolism, 
dosing from adult horses cannot always be extrapolated to foals. Thus, sometimes you 
will see alternative antimicrobial dosing schedules compared to what you are used to 
using in adult horses. In the United States horses are not considered major food animal 
species and we are permitted to use antimicrobials off-label, however this is not the case 
in all countries.  

Initial antimicrobial therapy is often a third-generation cephalosporin (example: ceftiofur 
sodium at 5 mg/kg IV q12h) or combination of a beta-lactam (i.e. penicillin or 
cephalosporin) and aminoglycoside (i.e. gentamicin or amikacin). For foals with diarrhea 



where an anaerobic or clostridial component is suspected metronidazole (IV or PO) is 
often added.  

If an IgG has not already been checked, it should be evaluated as many foals with sepsis 
also have complete or partial FPT and may require or benefit from a plasma transfusion 
as part of their fluid therapy. There is also some concern that septic foals may be 
“consuming” immunoglobulins at an increased rate and therefore foals with an initially 
normal IgG may now be deficient and require additional administration.  

If the foal is not adequately nursing and/or appears dehydrated fluid support is indicated. 
This can take the place of an indwelling nasogastric tube if the intestinal tract is functional 
and/or intravenous fluid therapy. If the foal is unable to take milk enterally within 12-
24hours partial or total parenteral nutrition should be considered.  

Foals that require intensive care (continues intravenous fluids), are recumbent, have 
evidence of localized sepsis (i.e. septic arthritis) are not nursing and require frequent 
enteral fluids should be offered referral. Survival for septic foals is much improved by early 
intensive care – once the foal develops evidence of septic shock or sepsis has localized 
(joints, bones) short and long-term prognosis are significantly worsened. Anti-microbials 
should be continued until clinical signs resolve and the CBC has normalized.  

Table 1 provides a list of commonly used antimicrobials in foals and references for 
dosing when available.  

Table 1 

Antimicrobial  Dose  Route  Frequency  Reference  
Ceftiofur sodium  5 mg/kg  IV, IM* Q6H 1-3  
Ceftifur crystalline-
free acid  

13.2 mg/kg  SC Q48h 4,5  

Potassium 
penicillin   

22,000 IU/kg IV Q6H  

Penicillin Procaine 
G 

22,000 IU/kg IM Q12H  

Amikacin  20-25 mg/kg  IV Q24H  
Gentamicin  12 mg/kg  IV Q36H 6 
Trimethoprim 
sulfamethoaxazole 

15-30 mg/kg  PO  Q12H  

Doxycycline  10 mg/kg  PO  Q12H 7 
Chloramphenicol  50 mg/kg  PO  Q6H  
Metronidazole  10 mg/kg – up to 14d of 

age  
15 mg/kg – over 14 d of 
age  

IV, PO  Q12H 8 
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