The interpretation of the fetal heart rate tracing should follow a systematic approach with a full qualitative and quantitative description of the following: 

· Baseline rate

· Baseline fetal heart rate (FHR) variability

· Presence of accelerations

· Periodic or episodic decelerations

· Changes or trends of FHR patterns over time

· Frequency and intensity of uterine contractions

Baseline Fetal Heart Rate (FHR): 
The baseline FHR is the heart rate during a 10 minute segment rounded to the nearest 5 beat per minute increment excluding periods of marked FHR variability, periodic or episodic changes, and segments of baseline that differ by more than  25 beats per minute. 

The minimum baseline duration must be at least 2 minutes.  If minimum baseline duration is < 2 minutes then the baseline is indeterminate. 

Bradycardia :Mean FHR < 110 BPM 

· A rate of 100-119 BPM in the absence of other non reassuring patterns is not usually a sign of compromise[ 4]

· Etiologies: Heart block (little or no  variability), occiput posterior or transverse position, serious fetal compromise.

Tachycardia: Mean FHR>160 BPM 

· In the presence of good variability tachycardia is not a sign of fetal distress [4]

· Etiologies: Maternal fever, fetal hypoxia, fetal anemia, amnionitis, fetal tachyarrhythmia (usually > 200 BPM with abrupt onset little to no variability) SVT (200-240 BPM) [5] , fetal heart failure, drugs (beta sympathomimetics, vistaril, phenothiazines) , rebound ( transient tachycardia following a deceleration accompanied by decreased variability) [4]


Baseline change: The decrease or increase in heart rate lasts for longer than 10 minutes. 




Baseline FHR Variability
Baseline variability is defined as  fluctuations in the fetal heart rate of more than 2 cycles per minute. No distinction is made between short-term variability (or beat-to-beat variability or R-R wave period differences in the electrocardiogram) and long-term variability. 

	Grades of fluctuation are based on amplitude range (peak to trough): 
 

  Absent variability = Amplitude range undetectable 

  Minimal = < 5 BPM 

  Moderate = 6 to 25 BPM 

  Marked = > 25 BPM 
The tracing to the right shows an amplitude range of ~ 10 BPM (moderate variability ). 
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A sinusoidal pattern has regular amplitude and frequency and is excluded in the definition of variability. A sinusoidal pattern has a  smooth, undulating pattern, lasting at least 10 minutes with a fixed period of three to five cycles per minute and an amplitude of 5-15 bpm. Short-term variability is usually absent. [6] 
  

  Persistently minimal or absent FHR variability appears to be the most significant intrapartum sign of fetal compromise [32]. On the other hand  the presence of good FHR variability may not always be predictive of a good outcome.[33]. 
 

· Etiologies of decreased variability: Fetal metabolic acidosis [7], CNS depressants[8,9], fetal sleep cycles[10], congenital anomalies, prematurity [11,12], fetal tachycardia, preexisting neurologic abnormality [13], normal [14], betamethasone[15].



Accelerations
An acceleration is an abrupt increase in FHR above baseline with onset to peak of the acceleration less than < 30 seconds and less than 2 minutes in duration. The duration of the acceleration is defined as the time from the initial change in heart rate from the baseline to the time of return to the FHR to baseline. 

  Adequate accelerations are defined as:

· <32 weeks' : >10 BPMabove baseline for >10 seconds [3]

· >32 weeks' : >15 BPM above baseline for > 15 seconds[3].
 

  Prolonged acceleration: Increase in heart rate lasts for  2 to 10 minutes. 

The absence of accelerations for more than 80 minutes correlates with increased neonatal morbidity [38,39].

Fetal scalp stimulation can be used to induce accelerations. There is about a 50% chance of acidosis in the fetus who fails to respond to stimulation in the presence of a nonreassuring pattern [17]. This technique should not be used to verify the absence of acidemia during a deceleration of the FHR since there is insufficient  literature to support its use during a deceleration.

	REACTIVITY[16]*
  An increase of 15 BPM above baseline for 15 second duration (from baseline to baseline) twice in a 20 minute period.  
  Since the amplitude of accelerations is inversely proportional to the rate premature fetuses often do not meet criteria for reactivity.  

  Only 65% of fetuses at 28 weeks are reactive by this criteria. 

  By 34 weeks 95% of fetuses are reactive.  
*Reactivity ( a term used in antenatal testing)  is not defined by the NIHCD guidelines. 
 




Periodic or episodic decelerations 
 

  Episodic patterns are those not associated with uterine contractions . 

  Periodic patterns are those associated with uterine contractions. 

· Early and late decelerations (with some exceptions-i.e., supine hypotension) are periodic.

· Variables can also be periodic.


Quantitated by the depth of the nadir in BPM below the baseline.The duration is quantitated in minutes and seconds from the beginning to the end of the deceleration. (Accelerations are quantitated similarly.) 

The type of the deceleration is distinguished on the basis of its waveform. 

  Gradual decrease and return to baseline with time from onset of the deceleration to nadir >30 seconds. 

· Further subclassified based on their relation to the contraction.

  Abrupt  decrease in FHR of > 15 beats per minute with onset of deceleration to nadir < 30 seconds.
 

	Early deceleration: 
Gradual decrease in FHR with onset of deceleration to nadir >30 seconds. The nadir occurs with the peak of a contraction.
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	Late Deceleration:
Gradual decrease in FHR with onset of deceleration to nadir >30 seconds. Onset of the decleration occurs after the beginning of the contraction, and the nadir of the contraction occurs after the peak of the contraction.
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	Variable: 
Abrupt  decrease in FHR of > 15 beats per minute measured from the most recently determined baseline rate.  The onset of deceleration to nadir is less than 30 seconds. The deceleration lasts   > 15 seconds and less than 2 minutes. A shoulder, if present, is not included as part of the deceleration.
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  Recurrent decelerations ( variable, early, or late ): Decelerations occur with > 50% of uterine contractions in any 20 minute segment.
  

  Prolonged deceleration : A decrease in FHR of > 15 beats per minute measured from the most recently determined baseline rate. The deceleration lasts >= 2 minutes but less than 10 minutes. 
 

· Etiologies: Maternal hypotension [18] , uterine hyperactivity, cord prolapse, cord compression, abruption,  artifact (maternal heart rate) , maternal seizure [19]

Although umbilical cord compression is often responsible for a prolonged deceleration a pelvic examination should be performed  to rule out umbilical cord prolapse or rapid descent of the fetal head.[4]  



Late Decelerations 
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Late decelerations associated with preservation of beat-to beat variability 
  These decelerations appear to be mediated by arterial chemo receptors in mild hypoxia. 

  When the level of oxygen in the fetal blood is below a pO2 of 15-20 mm Hg chemoreceptors are triggered causing reflex alpha adrenergic stimulation which constricts blood vessels in nonvital peripheral areas such as the arms and legs to divert more blood flow to vital organs such as the heart and brain. Constriction of peripheral blood vessels leads to hypertension. 

  The hypertension stimulates a baroreceptor mediated vagal response that slows the heart rate. [20] . 

Late decelerations associated with no variability (where loss of variability has not been caused by drug administration) 

  If the supply of oxygen continues to be limited (hypoxia) , the peripheral tissues cannot completely break down glucose and instead convert it to lactic acid. Significant levels of acid in the blood (acidemia) may suppress the fetal nervous system which becomes evident as decreased variability. 

  As acidosis develops the brain stem reflexes become blunted and direct myocardial depression causes shallow decelerations [20,22]. 

  If myocardial depression is severe enough, lates may be absent all together [22]. 

Etiologies of Late Decelerations
· Excessive uterine contractions, maternal hypotension, or maternal hypoxemia.

· Reduced placental exchange as in hypertensive disorders, diabetes, IUGR, abruption.

Management of Late Decelerations 

These maneuvers are primarily intended to alleviate "reflex" lates. 

  Place patient on side [23,24] 

  Discontinue oxytocin. 

  Correct any hypotension 

  IV hydration. 

  If decelerations are associated with tachysystole consider terbutaline 0.25 mg SC [26,27] 

  Administer O2 by tight face mask [25, 40] 

  If late decelerations persist for more than 30 minutes despite the above maneuvers, fetal scalp pH is indicated. 

  Scalp pH > 7.25 is reassuring, pH 7.2-7.25 may be repeated in 30 minutes. 

  Deliver for pH < 7.2  or minimal baseline variability with late or prolonged decelerations and inability to obtain fetal scalp pH [28,29] 

The observation of recurrent late decelerations with minimal or absent variability should lead to consideration of expeditious delivery unless the abnormal results are believed to be the result of a reversible maternal condition such as diabetic ketoacidosis or pneumonia with hypoxemia.



Variable Decelerations 
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  Vagally mediated through chemoreceptors or baroreceptors. 

  Accelerations "shoulders" before and after a variable deceleration are thought to be caused by partial cord occlusion .Decreased venous return causes a baroreceptor-mediated acceleration. 

  Hypertension and decreased arterial oxygen tension secondary to complete cord occlusion results in deceleration. 

  Variables occur with head compression secondary to vagal nerve activation, and with movement in the premature fetus[30] 

  The timing of the deceleration may occur periodically either with or after the contraction [31]. 

Management of Variables 
  

  Change position to where FHR pattern is most improved. Trendelenburg may be helpful. 

  Discontinue oxytocin. 

  Check for cord prolapse or imminent delivery by vaginal exam. 

  Consider amnioinfusion[35-37] 

  Administer 100% O2 by tight face mask [4]. 
 



Uterine Contractions [41]
Uterine contractions are quantified as the number of contractions present in a 10-minute window, averaged over 30 minutes. 

Normal: 5 or less contractions in 10 minutes, averaged over a 30-minute window. 

Tachysystole: More than 5 contractions in 10 minutes, averaged over a 30-minute window. Applies to both spontaneous or stimulated labor. Tachysystole should always be qualified as to the presence or absence of associated FHR decelerations. 

The terms hyperstimulation and hypercontractility are not defined and should no longer be used.
  



Three-Tier Fetal Heart Rate Interpretation System [41]

Category I : Normal. 

The fetal heart rate tracing shows ALL of the following: 

Baseline FHR 110-160 BPM, moderate FHR variability, accelerations may be present or absent, no late or variable decelerations, may have early decelerations. 

Strongly predictive of normal acid-base status at the time of observation. Routine care. 

Category II : Indeterminate. 

The fetal heart rate tracing shows ANY of the following: 

Tachycardia, bradycardia without absent variability, minimal variability, absent variability without recurrent decelerations, marked variability, absence of accelerations after stimulation, recurrent variable decelerations with minimal or moderate variability, prolonged deceleration > 2minute but less than 10 minutes, recurrent late decelerations with moderate variability, variable decelerations with other characteristics such as slow return to baseline, and "overshoot". 

Not predictive of abnormal fetal acid-base status, but requires continued surveillance and reevaluation.  

Category III: Abnormal. 

The fetal heart rate tracing shows EITHER of the following: 

Sinusoidal pattern OR absent variability with recurrent late decelerations, recurrent variable decelerations, or bradycardia.

Predictive of abnormal fetal-acid base status at the time of observation. Depending on the clinical situation, efforts to expeditiously resolve the underlying cause of the abnormal fetal heart rate pattern should be made. 
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